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Abstract
The first editorial board meeting of the World Journal of Hepatology (WJH) was
held on November 8, 2019 at the Side Bar Grille, Sheraton Boston Hotel, Boston,
MA, United States. Ruo-Yu Ma, Director of Editorial Office, on behalf of the
Baishideng Publishing Group (BPG), organized the meeting with the great help
of Professor Ke-Qin Hu, Journal Editor-in-Chief. There were six editorial board
members, including two Editors-in-Chief and one administrative director of the
editorial office at the meeting, discussing future strategies of the journal’s
development. The editorial board provided BPG a number of suggestions in
regard to the business plan and quality control of the WJH. Regarding the
business aspect, the editorial board suggested that BPG should advertise the WJH
at the international Hepatology and Gastroenterology conferences and promote
the WJH via social media. On the scientific aspect, the editorial board suggested
that the assessment systems for managing the reviewers and the editorial board
members are necessary, and that the BPG should make efforts to attract more
high-quality manuscript submissions. An additional comment was to continue to
foster a scientific culture for the journal. In conclusion, it was noted that these
new ideas expressed during the meeting will bring the WJH to the next level. In
the future, the BPG and the editorial board will increase communication and
collaboration in order to further the development of the WJH.
Key words: Editorial board meeting; World Journal of Hepatology; Baishideng Publishing
Group; Journal development; Quality control; Business plan
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The first editorial board meeting of the World Journal of Hepatology (WJH)
was held on November 8, 2019 in Boston, MA, United States. During the meeting, the
attendees discussed about the future strategy of the development of the WJH. Many new
ideas, including for the business aspect and the scientific aspect, were proposed. Both the
editorial office and the editorial board will make efforts based on this discussion to bring
the WJH to the next level.
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INTRODUCTION
The first editorial board meeting of the World Journal of Hepatology (WJH) was called to
order on November 8, 2019 at the Side Bar Grille, Sheraton Boston Hotel. It began at
19:00 and was presided over by Dr. Ke-Qin Hu, Journal Editor-in-Chief, with Ruo-Yu
Ma, Director of Editorial Office, on behalf of Baishideng Publishing Group (BPG) as
the organizer. The attendees discussed about how to develop the WJH and had a
wonderful dinner.

ATTENDEES
There were seven attendees in total, including six editorial board members and one
director of the editorial office. The editorial board members are: Dr. Ke-Qin Hu,
Journal Editor-in-Chief; Dr. Nikolaos T Pyrsopoulos, Journal Editor-in-Chief; Dr.
Calvin Pan, Associate Editor; and Dr. Astrid Ruiz-Margáin, Dr. Mohamed AS Kohla
and Dr. Tatehiro Kagawa, Editorial Board. Ruo-Yu Ma, Director of Editorial Office,
attended the meeting on behalf of the editorial office of BPG. Lian-Sheng Ma, CEO
and Founder of BPG gave strong support for this meeting.

APPROVAL OF AGENDA
The meeting agenda was unanimously approved as distributed.

REPORTS
Self-introduction
After checking in, all the attendees briefly introduced their educational background,
research field and their current work.

Opening
Dr. Hu explained that it was important for the WJH to hold an editorial board
meeting, which would be very beneficial for the journal development. He was
surprised that the journal had never held an editorial board meeting before, and thus
he suggested Dr. Ma, the CEO of BPG, to organize this meeting during The Liver
Meeting ® 2019. With the great support from Dr. Ma and the BPG company, the
editorial board meeting was called to order and held by Ruo-Yu Ma. He appreciated
that the attendees could come to the meeting to follow the current situation of the
WJH and to provide better support for the journal.

Overview of the WJH and BPG update
Ruo-Yu Ma summarized the current situation of the WJH and the BPG:
One hundred and seventy-six editorial board members from myriad countries
across the globe contribute to the development of the journal. From its launch in 2009
to today in 2019, the WJH has published 1081 articles. Among these, the total cites is
13040 and the average cites per article is 12.1. The current number of total visits to the
WJH homepage is about 1.6 million, of which 23% of those visits are from the United
States and 21.4% from China. The WJH is now abstracted and indexed in PubMed,
PubMed Central, ESCI, and major academic databases in China. BPG will submit an
application to Clarivate Analytics in 2019, with anticipation of its being abstracted and
indexed in SCIE.
BPG itself has 27 years of experience in editing and publishing medical journals.
BPG currently publishes 43 clinical medical journals covering a wide range of topics, 7
of which are indexed in SCIE, 6 in ESCI (including the WJH), and 23 in PubMed and
PubMed Central.
At the end of her presentation, Ruo-Yu Ma introduced her working experience in
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BPG, welcomed the attendees and expressed her hope that new ideas would be
proposed to bring the journal to the next level.

Open discussion
The attendees asked questions based on Ruo-Yu Ma’s presentation, e.g., the
acceptance rate of the manuscript submitted, the time for peer reviewing and the
indexing situation, and described their impression of the journal and their own
experience of submitting and publishing manuscripts in the WJH. They proposed
many good ideas on how to improve the scientific quality of the journal and how to
enhance the impact and visibility. Dr. Pan pointed out that one of the major purposes
of the meeting was to make the WJH abstracted and indexed in SCIE and gain a good
impact factor (commonly known as the IF). The discussion was based mainly on the
two aspects of developing a good journal: the business aspect and the academic
aspect.
Editorial board’s impression of the WJH: The editorial board thought that the WJH
had been doing a good job but still had a long way to go. Dr. Ruiz-Margáin had
submitted a manuscript to the WJH, and she said the software service was easy in
general. The response from the reviewers was fast as well, which made her always
like to submit manuscripts to the BPG journal series. According to Dr. Hu’s
experience, he thought that the submission process was a little cumbersome, because
he spent more than an hour to deal with the guidelines and the files required. For
clinicians who have very busy work, they would not like to spend plenty of time on
the submission process. Dr. Pyrsopoulos also mentioned the importance of a userfriendly software.
Business plan of journal development: Dr. Pan first suggested that the major
business of the WJH should be moved from China to the United States, because a
majority of the Chinese scientists choose to publish in journals with IFs, while in the
United States, scientists care more about whether the journal is indexed in PubMed.
The shift of the focus may help to involve more active researchers.
Dr. Pyrsopoulos gave some good suggestions on how to advertise the journal and
increase visibility based on his MBA background: (1) Advertisement in the
conferences held in the United States, Europe and the Pacific, e.g., to set a booth in the
exhibition hall and the editorial board members who attend the meeting can help
advertise. The editorial board suggested that BPG should attend the APASL2020 in
March 2020. (2) Promoting the journal (e.g., good manuscripts, editorial events) via
social media, such as Facebook, Twitter and LinkedIn. Dr. Pyrsopoulos pointed out
that BPG will attract plenty of followers through social networks. Dr. Ruiz-Margáin
suggested that BPG can send a link of the manuscript to the author once the it is
published so that the authors can share the link through social media. This will
increase the cites of the published article as well.
Scientific aspect of journal development: The editorial board was very concerned
about the quality control of the WJH. Based on the concern, Ruo-Yu Ma introduced
the current tracking system for the assessment of the peer reviewers. Dr. Pan stressed
the importance of the database to track the reviewers’ performance. The quality of the
journal is associated with the quality of the peer reviewers. The reviewers can neither
be too picky nor too easy, actually, they should screen the manuscripts that meet the
level of the WJH. The reviewers should write the peer-review report seriously and
send the feedback timely. BPG can rate the peer reviewers according to their
reviewing quality and only leave the high-quality reviewers in the database. The
editorial board also suggested that 2-3 reviewers would be enough for reviewing a
manuscript. The more reviewers are involved, the harder the decision will be made,
and the authors will be confused as well.
Dr. Ruiz-Margáin noticed that many good reviews were published in the World
Journal of Gastroenterology (WJG), and the WJH should invite highly influential reviews
as well. For manuscript invitations, the editorial board suggested that BPG should
raise the invitation threshold and should not reject the invited manuscripts. The list of
the invited scientists should be previewed by the editors-in-chief and the associate
editors, and the invited manuscript can be directly reviewed by the editorial board
members for good quality control.
In order to expand the manuscript sources, BPG should “bend down” to pay for
good manuscripts submitted to WJH, e.g., to pay for language editing of the
manuscripts with important scientific or clinical value. The journal should maintain a
balance between making money to feed itself and improving the quality. Some
manuscripts may not meet the level of the WJG; however, they may be good enough
to be published in the WJH. These manuscripts should be transferred directly to the
WJH for free. In this way, the WJH obtains good manuscripts while the authors will be
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satisfied.
The attendees believed that 176 members are too many for the editorial board of the
WJH. Therefore, it is very import to develop an assessment system for the editorial
board performance. An annual report of the assessment should be sent to every
editorial board member so that they will be encouraged by what they have done and
will contribute more actively in the future. BPG can also award the board members
for their contribution. Besides, BPG can launch a newspaper for the editorial board
members, to let them know the updates of the WJH and BPG. The scale of the editorial
board should be downsized to around 50 people for a better management and quality
control. Those who neither review the manuscripts nor publish their work in the WJH
should be removed from the editorial board.
Culture of the journal: The minor comment from the editorial board is to cultivate a
culture for the WJH. Since there is an article processing charge for publishing in the
WJH, the editorial board suggested that the fee should be discounted for authors from
low-income countries and young fellows without financial support. These young
fellows will appreciate the journal for helping them publish their articles and will
contribute more good work to the journal in the future. Encouraging the young
fellows to publish their good work can form a good culture of the WJH.
At the end of the discussion, Dr. Pan summarized the efforts that should be made
for the development of the WJH: (1) Quality assessment of the reviewers and the
editorial board members; (2) A more user-friendly online system; and (3) Successful
marketing. Dr. Pan expressed his hope that the WJH should receive the first IF within
2 years.

Wrap up
Dr. Hu summarized the editorial board meeting and expressed his gratitude to all the
attendees for presenting new ideas for journal development. All the attendees took a
group photo before leaving (Figure 1). The photo has been posted on the Twitter of
BPG.

CONCLUSION
This was the first editorial meeting of the WJH, during which many good ideas were
proposed. The BPG office has already made some attempts based on this meeting: (1)
An official BPG Twitter account has been registered, which will be an advertising
platform for the “World Journal” series in the future; and (2) From January 1, 2020,
the publication fee will be discounted by 25% for the manuscripts supported by
national/international funds and those contributed by current national/international
association/society members. The editorial office will hold an internal meeting in
regard to the detailed plan and timeline to roll out the new initiatives. The BPG and
the editorial board should work more closely to improve both the business and the
scientific quality of the WJH. In the future, the editorial board meeting should be
organized regularly and, hopefully, more BPG staff as well as the editorial board
members will be involved in the communication.
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Figure 1

Figure 1 Group photo of the editorial board meeting for World Journal of Hepatology 2019. From left to right: Ruo-Yu Ma, Dr. Tatehiro Kagawa, Dr. Mohamed
AS Kohla, Dr. Ke-Qin Hu, Dr. Nikolaos T Pyrsopoulos, Dr. Astrid Ruiz-Margáin, and Dr. Calvin Pan.
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Abstract
With the advances and clinical growth in liver transplantation over the last four
decades the focus on expanding deceased donor organs has been in need of
scientific research. In the past ten years several researchers have looked at the
domain of machine perfusion as it applies to deceased donor livers. The
following review focuses on the clinical trials and recent advances that will likely
have the earliest entrance into the clinical arena.
Key words: Liver transplantation; Machine perfusion; Ex vivo perfusion; Ischemia
reperfusion; Organ preservation
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The processes involved in optimizing and expanding the deceased donor liver
pool has led to the incorporation of machine perfusion technologies (as is similarly done
in kidney transplantation). While none of the systems is approved for clinical use,
several have gone through clinical trials. This summary provides an overview of those
technologies that are likely to be used in clinical liver transplantation.
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INTRODUCTION
Clinical advances in liver transplantation over the last three decades have resulted in
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more than 10000 liver transplants being performed annually throughout the world,
with 1- and 5-year patient survival outcomes in excess of 90% and 70%, respectively[1].
Unfortunately, the increasing incidence of liver disease amongst the general
population [2] is contributing to a growing discrepancy between the number of
transplantable organs and the number of patients on the liver transplant waitlist. To
expand the donor pool requires using marginal donor organs [i.e., donation after
cardiac death (DCD) vs brain dead donors (DBD), fatty livers or livers from the
elderly with multiple co-morbidities][1]. The consequence of ischemia/reperfusion
injury (IRI) in these marginal donor allografts includes an increased rate of primary
non-function, early graft dysfunction, biliary complications, decreased long-term graft
survival, and increased hospital resource use after transplantation[3]. Strategies to
minimize IRI involve focusing on organ preservation techniques. Static cold storage
(SCS) is the standard approach to preserve the liver during transit from the donor to
the potential recipient. During the last decade machine perfusion has been
investigated as a method to modulate liver preservation, improving the function of
less optimal grafts, and potentially resuscitating some grafts that previously would
have been deemed unsuitable for transplant[4].
While the history of organ perfusion systems goes back decades the first clinical
trial of hypothermic machine perfusion (HMP) of the liver was carried out in 2009 by
Guarrera et al [5] and it provided evidence of the safety and efficacy of HMP by
reducing levels of transaminases and total bilirubin. In a follow-up study the
investigators showed that HMP provided safe and reliable preservation in 31 adults
undergoing liver transplantation when the organ had previously been declined by
other transplant centers [6] . In 2014, hypothermic oxygenation machine perfusion
(HOPE) was introduced in a study with donors who were DCD rather than DBD. This
study showed that the outcome of DCD liver transplantation after HOPE conditioning
was comparable to matched DBD liver grafts in terms of liver transaminases
[aspartate aminotransferase/alanine aminotransferase (AST/ALT)], intensive care
unit admission and hospital stay, while costs during hospital stay were significantly
lower[7]. This same group carried out a larger clinical trial (n = 25) and found that
HOPE conditioning of DCD livers significantly reduces graft injury with regard to
peak ALT, biliary complications, graft failure and 1-year graft survival compared to
SCS[4,8].
The development of normothermic machine perfusion (NMP) as an alternative MP
approach led to a 2016 clinical trial with 20 patients[9]. Seven-day median peak AST
after transplantation was significantly lower in the NMP group compared to SCS,
demonstrating the safety and feasibility of NMP for organ retrieval, transport and
transplantation. In 2016, Selzner et al[10] showed that grafts preserved by NMP had
lower liver transaminase levels 1–3 d after transplantation, but this result was not
statistically different compared with SCS. Similar to what was found in the HMP
studies, a 2017 study using NMP enabled assessment and transplantation of 12 livers
previously declined for transplant, suggesting that avoiding hypoxia during
perfusion prevents post-perfusion syndrome and monitoring biliary pH could predict
postoperative cholangiopathy[11]. The largest clinical trial to date was coordinated
through the Consortium for Organ Preservation in Europe. In a multi-center,
randomized control trial involving 220 adult DBD and DCD donors normothermic
preservation is associated with a 50% lower level of graft injury, measured by
hepatocellular enzyme release, despite a 54% longer mean preservation time and an
expanded donor pool (50% lower rate of organ discard). There was no significant
difference in bile duct complications, graft survival or patient survival. In summary,
this study successfully proves the investigators’ primary endpoint of lower peak
serum AST levels in the NMP group implying a benefit in livers used for
transplantation [1] . A summary of the clinical trials to date is presented in Table
1[3,5,6,8,12,13].
With the increasing prevalence of obesity, a growing number of livers with
macrosteatosis will be considered for transplant. A major area where machine
perfusion will be useful involves a defatting strategy. The aim of this strategy is to
reduce the triglyceride load in steatotic hepatocytes, improve the organ metabolism
and lessen the impact of ischemia-reperfusion injury. Machine perfusion reduces
intracellular lipids by enhancing lipid metabolism, lipolysis and increasing the
cellular exportation of intracellular triglyceride as very lowdensity lipoprotein and the
fatty acid mitochondrial βoxidation; when used in conjunction with defatting
agents[14,15]. This process helps to lower the production of reactive oxygen species,
decreased cellular injury and improved microcirculation.
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Table 1 Machine perfusion in human liver transplantation
Ref.

Experimental group (n)

MP time (h)

Device

Guarrera et al[6], 2015

31

3.8

Hypothermic MP

Dutkowski et al[8], 2015

25

2

Hypothermic oxygenated MP

Bral et al[12], 2017

9

11.5

Normothermic MP

[13]

Ravikumar et al

20

9.3

Normothermic MP

Selzner et al[10], 2016

, 2016

10

8

Normothermic MP

Nasralla et al[1], 2018

121

9.13

Normothermic MP

MP: Machine perfusion.

CONCLUSION
Machine perfusion (Figure 1) has the potential to transform the field of liver
transplantation by allowing clinicians to expand the donor pool while reconditioning
the organ prior to implantation.
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Figure 1

Figure 1 Schematic design of machine perfusion. Demonstrating system circulation and pumps with the ability to oxygenate the perfusate. Flow comes into the
liver through the portal vein with bile collected separately.
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Abstract
BACKGROUND
Hepatic encephalopathy (HE) is a major complication of cirrhosis with
independent prognostic significance. The current management of HE is mainly
based on lactulose. Rifaximin has been shown to decrease the risk of HE
recurrence in patients with episodic forms. HE can also be persistent. However,
there is no drug support recommendation for rifaximin use in this setting.
AIM
To assess the effectiveness of rifaximin in the management of recurrent episodes
of HE and recurrent acute exacerbations on persistent HE, in “real life
conditions”.
METHODS
In this retrospective study, using a within-subjects design, we collected data of
patients treated with rifaximin for HE in two liver diseases centers, during the
six-month period before and during the six-month period after the initiation of
rifaximin. The primary effectiveness endpoint was the total number of HE events
involving hospitalization.
RESULTS
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Rifaximin was introduced for prevention of recurrent HE episodes in 29 out of 62
patients with normal mental status between episodes and for prevention of
recurrent acute exacerbations on persistent HE in 33 out of 62 patients. In the
“prevention of recurrent HE episodes” group, fewer HE events (0.79 vs 1.78; P =
0.013) were reported during the period of time when rifaximin was used. In the
“prevention of recurrent acute exacerbations on persistent HE” group, there was
no significant difference in the number of HE-events (1.48 vs 1.77; P = 0.582).
CONCLUSION
In this real-life experience, the effectiveness of rifaximin was confirmed in the
prevention of HE episodes recurrence but was not proved in the prevention of
acute exacerbations recurrence on persistent HE.
Key words: Rifaximin; Hepatic encephalopathy; Cirrhosis; Liver disease; Hospitalization
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The clinical and economic burdens of hepatic encephalopathy (HE) are
tremendous and growing worldwide. Therapies to improve the quality of life of patients
and to decrease the rate of hospitalizations and economic consequences are needed.
Rifaximin was proved effective to reduce the risk of HE recurrence in patients with
episodic forms. However, real-life data are still scarce, particularly concerning persistent
HE. In this real-life experience, the effectiveness of rifaximin was confirmed in the
prevention of HE episodes recurrence but was not proved in the management of
persistent HE.

Citation: Chautant F, Guillaume M, Robic MA, Cadranel JF, Peron JM, Lison H, Cool C,
Bureau C, Duhalde V. Lessons from “real life experience” of rifaximin use in the
management of recurrent hepatic encephalopathy. World J Hepatol 2020; 12(1): 10-20
URL: https://www.wjgnet.com/1948-5182/full/v12/i1/10.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i1.10

INTRODUCTION
Cirrhosis is the final stage of most chronic liver diseases and is the fourth most
common cause of death in Europe, accounting for 170000 deaths per year against
33539 in the United States and 1.03 million worldwide[1]. The exact prevalence of
cirrhosis is unknown. It is estimated between 0.1% to 0.27% in the European[2] and
United States populations[3].
Hepatic encephalopathy (HE) is a frequent and major complication of cirrhosis. HE
is estimated to affect 30%-40% of patients with cirrhosis at some time during their
clinical course [4] . HE impairs daily functioning and health-related quality of life
(HRQL) of cirrhotic patients [5] and is associated with a high risk of recurrence.
Episodes of HE are associated with residual effects on cognitive functions[6] and are
frequently associated with hospitalizations[7]. Frequent occurrence of HE and high
hospital admission rates result in a significant economic burden to healthcare
systems[8]. HE affects the patients’ survival and constitutes an important prognostic
factor[9,10] with a 1-year survival rate of 40% to 50% and a 3-year survival rate of
approximately 20%[11,12]. Therefore, the prevention of HE is a major objective in the
management of cirrhotic patients.
Current therapeutic approaches for HE treatment and prevention aim at reducing
the production or intestinal absorption of ammonia. Lactulose, a nonabsorbable
disaccharide, is the first line treatment of HE[4]. Some poorly absorbed antibiotics, such
as neomycin or vancomycin, have proven to be effective. Their use has been limited
by an increased risk of antimicrobial resistance and/or severe adverse effects[13,14].
Rifaximin, a minimally absorbed oral antibiotic, appears to have a better profile and
aims at decreasing intestinal ammonia production. This antibiotic may also reduce the
bacterial translocation involved in inflammation in HE [15] . An antiprotozoal,
nitazoxanide also showed interesting results in association with lactulose [16] .
Furthermore, rifaximin treatment could be an alternative to norfloxacin in secondary
prevention of spontaneous bacterial peritonitis, another complication of liver
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cirrhosis[17].
In 2010, the efficacy of rifaximin has been reported for preventing episodes of HE in
patients with an history of recurrent HE[18]. The use of rifaximin also improved HRQL
in patients with cirrhosis and recurrent HE[19]. On the contrary, the literature data are
inconclusive concerning the management of persistent HE and are scarce in real life
conditions. In this study we described the use of rifaximin and assessed the
effectiveness of rifaximin in the management of HE in “real life”.
This approach is very important as real-life data are relatively scarce and can be
much different compared to randomized studies as underlined by Krag et al[20] in the
PROSPER multicenter observational study.

MATERIALS AND METHODS
Study design and population
We performed a retrospective study conducted in two liver diseases centers in France;
one is an academic hepatology center (Toulouse) and the other is a primary referral
hospital with high expertise in chronic liver diseases and cirrhosis (Creil).
All cirrhotic patients with HE treated with rifaximin were considered for inclusion.
The inclusion period ranged from July 1, 2010 to September 13, 2013, according to the
French temporary authorization for rifaximin use. For each patient, the date of
inclusion corresponded to the initiation of rifaximin treatment.
The following parameters were collected at inclusion. We considered anamnestic
data: Gender, age, etiology of cirrhosis, medical history (HE, gastrointestinal bleeding,
ascites, renal failure and hepatocellular carcinoma), presence of a transjugular
intrahepatic portosystemic shunt (TIPS), smoking and/or active alcoholism;
anthropometric and biochemical data.
The study period included the six months before the initiation of treatment with
rifaximin (period 1: “without rifaximin”) up to six months or until the end of
treatment (period 2: “with rifaximin”). This treatment duration was chosen from the
pivotal study schedule[18]. Each patient served as his or her own control. The period
“without rifaximin” was used as the reference period for assessing the effectiveness of
rifaximin.
For each period, clinical characteristics were recorded: The number of
hospitalizations for HE, number of HE events during hospitalization, cumulative time
of HE-related hospitalization, grade of HE (according to the West Haven Criteria[21]),
the presence or absence of the main precipitating factors of HE described in the
literature factors, occurrence of bacterial infections. The recurrent and persistent
character of HE was specified, according to the time course of HE.
Recurrent HE is a term used when episodes occur within a time frame of 6 mo or
less. Persistent HE denotes a pattern of behavioral alterations such as depressive
mood, mild anxiety and/or difficulties to sleep at night that are always present
interspersed with relapses of HE[4]. Therefore, in addition to persistent HE, acute
exacerbations are noticed [22] . We have considered as recurrent HE either when
confronted to a recurrence of HE episodes or to a recurrence of acute exacerbations on
persistent HE. The characteristics related to rifaximin treatment were also considered:
Indication, dosage, duration, cause of interruption, occurrence of adverse effects, and
concomitant use of lactulose. The indication was based on data collected during the
period without rifaximin and was not modified during the 6-mo follow up with
rifaximin.
Data were collected for the two periods using hospitalization and consultation
reports via electronic medical records in the same way. The clinical description of HE
is based on a non-standardized evaluation. It depends on the physical examination by
a senior hepato gastroenterologist according to the West-Haven criteria.
The primary effectiveness endpoint of the study was the total number of HE events
during the period of hospitalization; the HE events corresponded to episodes of HE
and acute exacerbations in patients with a persistent form.
The secondary endpoints were the number of HE-related hospitalizations, the
length of HE-related hospitalization, the probability of HE recurrence among patients
in remission from HE episodes, the probability of persistent HE cessation, occurrence
of bacterial infections, safety and predictive factors of response to treatment. HErelated hospitalizations corresponded to hospitalizations with a diagnosis of HE;
length of hospitalization: Total duration of hospital stay. The presence of predictive
factors of response to treatment was assessed by comparing clinical and biological
parameters collected at baseline between patients who responded to rifaximin therapy
and patients who did not. The response to treatment was defined as the cessation of
persistent HE or maintenance of remission from recurrent HE among patients in
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remission from episodes of HE. Some results were considered for the entire cohort
and for two subgroups of patients, “prevention of recurrent HE episodes” and
“prevention of recurrent acute exacerbations on persistent HE”.
In order to ensure optimal comparison to evaluate the effectiveness and tolerance
of rifaximin between the two periods, all data presented were assessed by taking into
account the follow-up time. The results were expressed within 100 d of follow-up. As
a retrospective study, the approval of the ethics committee was not mandatory (i.e.,
according to the Jardé Law in France). It did not require a consent from patients as the
study analyzed data from usual care during hospitalization. The patients’ data were
made anonymous prior to analysis.

Statistical analysis
Qualitative variables have been described by the number and the percentage of each
modality. They were compared using McNemar’s chi-square tests or with Fisher exact
tests (for expected values < 5). Quantitative variables were described by mean ± SD
and were compared using Student’s t-test for paired samples. For all tests, a
significant level of 0.05 was considered. Kaplan-Meier methods were used to estimate
the probability of HE recurrence and cessation of persistent HE. A statistical analysis
was performed with SPSS software, version 19.0 (Chicago, IL, United States).

RESULTS
Study population
Sixty-two patients were included, with a sex ratio male/female of 2.6 and an average
age of 62 ± 10 years. The cause of cirrhosis was alcohol in 41 (66%), hepatitis B or C in
16 (26%), non-alcoholic fatty-liver disease in 10 (16%), other causes in 7 (11%);
combined etiologies were found in 12 patients (19%). The HE events occurring six
months before the introduction of rifaximin therapy were described. A recurrent HE
was observed for about half of the patients (55%). The majority of the patients (68%)
has been hospitalized several times for HE (Table 1).

Therapeutic care
During period 1, 53 patients (85.5%) received lactulose therapy (average dose, 37 ± 18
g/d; range, 10-90 g/d) compared to 52 patients (83.9%) during period 2, (average
dose, 42 ± 22 g/d; range, 10-90 g/d). The average dose of rifaximin therapy during
period 2 was 1000 mg/d for 54 patients (87%) and 1200 mg/d for 8 patients (13%).
Rifaximin was prescribed according to two indications: Prevention of recurrent acute
exacerbations on persistent HE in 33 patients (53%) and prevention of recurrent HE
episodes in 29 patients (47%). Thirty-four patients (55%) received rifaximin therapy
for at least six months. A treatment discontinuation was observed in 24 patients (39%).
The causes were: death (n = 7), liver transplantation (n = 5), improvement of
symptoms (n = 4), lack of clinical improvement (n = 3), non-compliance (n = 3),
adverse effect (n = 1) and palliative care (n = 1). A temporary and voluntary
interruption of treatment was observed in 4 patients with an average duration of 33.2
d. During this 6-mo follow-up, the average duration of rifaximin therapy was 143 d
(range, 7-180 d).

Rifaximin effectiveness
In the whole cohort, we observed a downward trend in the total number of HEevents, in the number of HE-related hospitalizations, and in the length of hospital stay
between periods 1 and 2 (Figure 1A).
For the subgroup “prevention of recurrent HE episodes” (Figure 1B), the total
number of HE events (0.79 vs 1.78; P = 0.013), the number of HE-related
hospitalizations (0.75 vs 1.57; P = 0.030) and the length of HE-related hospitalization
(6.98 d vs 15.71 d; P = 0.027) were significantly lower during the period with rifaximin
compared to the period without rifaximin.
When rifaximin was given for prevention of recurrent acute exacerbations on
persistent HE, there was a non-significant increase in the number of HE events (1.77
vs 1.48) and in the length of hospitalization (24.67 d vs 18.05 d). The number of HErelated hospitalizations decreased between the two periods (1.15 vs 1.25; P = 0.728)
but the difference was not significant (Figure 1C).

Appearance of the first recurrence of an HE episode in patients with remission
The probability of HE recurrence was 46% among patients in remission from HE
episodes during rifaximin therapy. The median time to the first HE occurrence was
118.5 d (95%CI: 91.8-145.3) (Figure 2).
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Table 1 Baseline characteristics of study patients (n = 62)
Demographic characteristics
Age, mean ± SD, yr

62 ± 10

Male sex, n (%)

45 (73)

Cirrhosis etiology, n (%)
Alcohol

41 (66)

Alcohol withdrawal, n (%)

34/41 (83)

Hepatitis-B or C virus

16 (26)

Non-alcoholic fatty liver disease

10 (16)

Other

7 (11)

Previous liver related complication, n (%)
HE

62 (100)

Gastrointestinal bleeding

28 (45)

Ascites

39 (63)

Renal failure

24 (39)

Hepatocellular carcinoma

14 (23)

Presence of oesophageal varices

48 (77)

TIPS, n (%)

25 (40)

Scores
Child class, n
A/B/C

2/36/24

Child score, mean ± SD

9.2 ± 2.0

MELD, mean ± SD

16.8 ± 6.4

Total number of HE events occurred in hospitalization or requiring hospitalization, n (%)
0

1 (2)

1

16 (26)

2

17 (27)

>2

28 (45)

The highest West Haven grade1, n (%)
1

6 (10)

2

20 (32)

3

24 (39)

4

12 (19)

Repeated HE-related hospitalizations (> 1), n (%)

42 (68)

Recurrent HE, n (%)

34 (55)

1

The grade ranges from 0 to 4, with higher scores indicating more severe impairment. HE: Hepatic
encephalopathy; TIPS: Transjugular intrahepatic portosystemic shunt; MELD: Model for end-stage liver
disease.

Cessation of persistent HE
The probability of persistent HE cessation was 68%. The median time to
disappearance was 78.3 d (95%CI: 52.0-104.7). After two months of treatment, more
than 50% of patients concerned were free of persistent HE (Figure 3).

Bacterial infections and safety
Twenty-six patients had one or more bacterial infections during period 1 compared to
13 patients during period 2. The rate of infectious events per patient was similar
before and after the introduction of rifaximin treatment (0.35 ± 0.47 vs 0.34 ± 0.54; P =
0.95). Rifaximin was well tolerated. Only 2 patients experienced adverse events
leading to the discontinuation of the drug for one of them (pruritus and drug induced
liver injury with no real correlation shown associated with the intake of rifaximin).

Predictive factors of response to treatment
All variables collected at the inclusion were analyzed and no significant difference
was found. The main characteristics of both groups are summarized in Table 2.
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Figure 1

Figure 1 Comparison of hepatic encephalopathy events, hepatic encephalopathy-related hospitalizations and length of hepatic encephalopathy-related
hospitalization with or without rifaximin for entire cohort and subgroups “prevention of recurrent hepatic encephalopathy” and “prevention of an acute
episode on persistent hepatic encephalopathy”. A: Entire cohort; B: Prevention of recurrent hepatic encephalopathy (HE) episodes; C: Prevention of recurrent
acute exacerbations on persistent HE. The results are expressed for 100 d of follow-up. HE: Hepatic encephalopathy.

DISCUSSION
In this retrospective study conducted in two liver diseases centers, we found that
rifaximin was efficient in secondary prevention in patients presenting recurrent
episodes of HE by reducing the risk of HE recurrence associated with hospitalization.
In fact, we observed a reduction of the total number of HE events, the number of HErelated hospitalizations, and the length of HE-related hospitalization by up to 50%.
Conversely, we were not able to show any effectiveness of rifaximin in patients with
recurrent acute exacerbations on persistent HE. We observed an upward trend in the
number of HE events and in the duration of HE-related hospitalization as well as a
downward trend in the number of HE-related hospitalizations. Likewise, a cessation
of persistent HE in more than 50% of patients after two months of treatment has been
observed. Nevertheless, this result does not take into account any subsequent
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Figure 2 Probability of hepatic encephalopathy recurrence during rifaximin therapy in the subgroup
“Prevention of recurrent hepatic encephalopathy”, n = 29; Kaplan-Meier method.1Censored data correspond to
discontinuation of treatment before the occurrence of hepatic encephalopathy (HE). At the end of follow-up, it
corresponded to “HE-free” patients, after six months of treatment.

recurrences and does not ensure the maintenance of remission. Indeed, in this real-life
study, rifaximin was efficient in patients receiving HE according to the
manufacturer’s recommendations.
Similarly, the PROSPER study which should enroll approximately 550 patients with
HE, is ongoing under ‘real world’ clinical practice conditions. Results are still
unavailable but the controlled design of this study could avoid some bias related to
uncontrolled study[20]. Actually, it can be argued that in our study the sample size was
relatively small, however we found results in accordance with the literature when
rifaximin was used in patients with recurrent HE and without persistent HE[18]. The
limited sample (n = 33) of patients suffering from recurrent acute exacerbations on
persistent HE precludes any conclusions about the absence of rifaximin effectiveness
in this subgroup of patients. Moreover, although not evaluated in our study, savings
costs could be made due to a decrease in the number of rehospitalization. In the study
of Orr et al[23], real world data from seven United Kingdom liver centers of patients
with cirrhosis treated with rifaximin were analyzed (n = 326). Following the
beginning of rifaximin treatment, the total hospital length of stay was reduced by
between 31 and 53% resulting in an average saving of £4858-£6607 per patient per
year in hospital admission costs.
Our results in the subgroup “prevention of recurrent HE episodes” are in
accordance with those of Orr et al[23]. In this retrospective study, comparing the 6 mo
pre-rifaximin and post-rifaximin initiation in living patients at the end of the
observation period (n = 114), there were significant reductions in the average number
of hospitalizations per patient (liver-related 1.3 to 0.5, P < 0.001), hospital bed days
per patient (liver-related 17.8 to 6.8, P < 0.001), 30-day hospital re-admissions per
patient (liver-related 0.5 to 0.2, P = 0.039) and emergency department attendances per
patient (all-cause, 1.0 to 0.5, P < 0.001).
In our real life conditions, an off-label use of rifaximin was also found in more than
half of the cases: the prevention of acute exacerbations in patients with persistent HE,
i.e., another form of recurrent HE. This use was associated with a lack of therapeutic
alternatives and followed the failure of high-dose lactulose therapy. The literature
data are relatively poor and unclear in the area of persistent HE; to our knowledge, an
effectiveness assessment from this perspective is the first attempt. A few studies
comparing rifaximin to nonabsorbable disaccharides demonstrated its efficacy in the
management of HE events. However, baseline characteristics and the type of HE are
not always clearly described. Most studies indicate an efficacy of rifaximin in the
treatment of HE; some use the term “chronic” HE[24-31]. It can also refer to patients with
recurrent episodes of HE as well as patients with continuous abnormalities of the
mental state[32]. This underlines the difficulty to characterize HE and to appreciate its
time course and its severity both in clinical practice as well as in clinical trials. Indeed,
there is no standardized and reproducible tool to identify and grade HE [33] : The
clinical examination can be based on different clinical scales, especially the West
Haven criteria, the current gold standard[34]. However, this is a subjective and a nonstandardized grading system with limited inter-observer reliability[4] which depends
e.g., on the clinician’s own experience, the knowledge of the patient’s previous
condition and education and involvement of spouses or family members because
many episodes or exacerbations of HE occur at home. Recently, Bajaj et al[33] therefore
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Figure 3 Cessation probability of persistent hepatic encephalopathy during rifaximin therapy in the
subgroup “Prevention of an acute episode on persistent hepatic encephalopathy”, n = 33; Kaplan-Meier
method.1Censored data correspond to discontinuation of treatment before cessation of hepatic encephalopathy (HE).
At the end of follow-up, it corresponded to patients with maintenance of persistent HE.

developed a standardized and reproducible clinical tool, the HE Grading Instrument,
requiring further prospective applications[33]. The persistent form of HE makes us raise
more questions, which are connected to a definition which is not specific enough: e.g.,
how long does it take to consider an episode as persistent HE. The most recent
proposed nomenclature of HE classifies the recurrent HE as a distinct entity; no
details were provided concerning the acute exacerbations on persistent HE[4].
Considering the conflicting results in terms of effectiveness, some predictive factors
of response have been researched. No significant results were obtained. It would
probably have been more relevant to consider alcohol withdrawal and not the
alcoholic etiology of cirrhosis as predictive factor because of the impact of alcohol on
bacterial overgrowth and bacterial translocation involved in the pathogenesis of
HE[35].
The main strengths of this study are: (1) The ability of the patients to serve as their
own controls to overcome inter-individual variability and get results from small
samples; and (2) The originality of its subject which is particularly interesting in the
management of persistent HE. The main limitations of this study are acknowledged:
(1) The small sample size especially in the subgroup of patients suffering from
recurrent acute exacerbations on persistent HE precludes any conclusions about the
absence of rifaximin effectiveness in this indication; (2) The effectiveness assessment is
based on the most serious HE-events involving hospitalizations and does not take into
account the outpatients events; (3) The data are based on non-standardized
information obtained from hospitalization and consultation reports and depended on
the evaluation of each clinician supporting cirrhotic patients; (4) The data from “TIPS
patients” (n = 25; 40%) have not been analyzed as a separate entity. Because TIPS is a
known risk factor of HE, the actual effectiveness of rifaximin on HE could have been
underestimated[4]; and (5) The lack of a control group may limit the interpretation of
the results. Numerous factors are involved in improving the patient’s health status,
including specific drug effect, placebo effect, other therapeutic measures introduced,
and the natural history of the disease.
In conclusion, in this first “real life” experience, rifaximin was used for two
indications in a similar way. In secondary prevention of recurrent episodes of HE,
rifaximin prescription is validated by a consistent study and widely prescribed in this
indication. For the prevention of acute exacerbations recurrence on persistent HE, this
use is much more nebulous. After at least six months of therapy, the effectiveness of
rifaximin was confirmed in preventing the recurrence of HE episodes; but we cannot
conclude that rifaximin is effective in the management of persistent HE. However, we
noticed some encouraging results with a certain probability of persistent HE
cessation. Some randomized controlled trials are needed to assess the efficacy of
rifaximin in this type of HE. Nevertheless, first of all, it seems necessary to develop
standardized and reproducible tools to improve the patient’ selection in clinical trials
and allow results’ comparisons among studies. It seems to be an essential step to
achieve further progress in the management of HE in clinical practice.
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Table 2 Predictive factors of response to treatment in the entire cohort (n = 62)
Parameter

Non-responder (n = 26) Responder (n = 36) P value

Indication, n (%)
Prevention of recurrent HE episodes/prevention of recurrent acute exacerbations on
persistent HE

13 (50)/13 (50)

16 (45)/20 (55)

0.66

Sex (M/F), n (%)

21 (81)/5 (19)

24 (67)/12 (33)

0.22

TIPS, n (%)

8 (31)

17 (47)

0.19

Alcohol

20 (77)

21 (58)

0.13

Hepatitis-B or C virus

7 (27)

9 (25)

0.86

Patients treated, n (%)

22 (85)

31 (86)

1.0

Mean dose, mean ± SD (g)

35 ± 17

39 ± 19

0.48

Age

63 ± 10

62 ± 10

0.89

HE events, mean ± SD

1.41 ± 1.0

1.62 ± 1.16

0.23

HE-related hospitalizations, mean ± SD

1.3 ± 1.0

1.40 ± 0.95

0.16

Length of HE-related hospitalization, mean ± SD

14 ± 13

17 ± 16

0.51

Repeated HE-related hospitalizations (> 1), n (%)

16 (62)

26 (72)

0.37

Infectious events

0.31 ± 0.44

0.35 ± 0.47

0.92

INR

1.7 ± 0.8

1.6 ± 0.4

0.71

Serum albumin (g/L)

28 ± 5

29 ± 5

0.63

Serum bilirubin (μmol/L)

63 ± 99

35 ± 20

0.11

Serum sodium (mmol/L)

134 ± 7

135 ± 5

0.62

Serum creatinine (μmol/L)

97 ± 50

107 ± 111

0.65

AST (UI/L)

59 ± 31

80 ± 135

0.45

ALT (UI/L)

33 ± 19

44 ± 30

0.11

Hemoglobin (g/dL)

10.4 ± 1.9

10.5 ± 1.7

0.79

CRP (mg/L)

13 ± 19

11 ± 11

0.67

Child Pugh score

9±2

9±2

1.0

MELD score

16 ± 6

17 ± 6

0.53

Cirrhosis etiology, n (%)

Lactulose therapy (period 1)

HE (period 1)

Biochemical

Scores

HE: Hepatic encephalopathy; TIPS: Transjugular intrahepatic portosystemic shunt; INR: International normalized ratio; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; CRP: C-reactive protein; MELD: Model for end-stage liver disease.

ARTICLE HIGHLIGHTS
Research background
Hepatic encephalopathy (HE) is a major complication of cirrhosis with independant prognostic
significance. The clinical and economic burdens of HE is tremendous and growing worldwide.
Therapies are needed to improve the quality of life of patients and to decrease the rate of
hospitalizations and the economic consequences.

Research motivation
The current management of HE is mainly based on lactulose. Rifaximin has been shown to
decrease the risk of HE recurrence in patients with episodic forms. HE can also be persistent.
However, there is no drug support recommendation for rifaximin use in this setting.

Research objections
The study aimed at assessing the effectiveness of rifaximin in the management of recurrent
episodes of HE and recurrent acute exacerbations on persistent HE, in “real life conditions”.

Research methods
This is a retrospective study using a within-subjects design. The data of patients treated with
rifaximin for HE is collected in two liver diseases centers, during the six-month period before
and during the six-month period after the initiation of rifaximin. The primary effectiveness
endpoint was the total number of HE events involving hospitalization.
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Research results
In the case of patients presenting recurrent episodes of HE, we observed a significantly reduction
of the total number of HE-events by up to 50%. Conversely, in the prevention of acute
exacerbations in patients with persistent HE, an off-label use which has been found in more than
half of the studied population, there was no significant difference in the number of HE-events.

Research conclusions
The effectiveness of rifaximin was confirmed in the prevention of HE episodes recurrence but
was not proved in the prevention of acute exacerbations recurrence on persistent HE.

Research perspectives
We noticed some encouraging results with a certain probability of persistent HE cessation.
Randomized controlled trials are needed to assess rifaximin efficacy in this type of HE. It seems
necessary to develop standardized and reproducible tools to improve the patients’ selection in
clinical trials and allow results comparison among studies. It seems to be an essential step to
achieve further progress in the management of HE in clinical practice.

ACKNOWLEDGEMENTS
The authors would like to acknowledge Mrs Fanny Hadad for reviewing the English
version.

REFERENCES
1
2

3

4

5

6

7
8

9

10

11

12

13
14

15

16

WJH

https://www.wjgnet.com

Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet 2014; 383: 1749-1761 [PMID: 24480518
DOI: 10.1016/S0140-6736(14)60121-5]
Zatoński WA, Sulkowska U, Mańczuk M, Rehm J, Boffetta P, Lowenfels AB, La Vecchia C. Liver
cirrhosis mortality in Europe, with special attention to Central and Eastern Europe. Eur Addict Res 2010;
16: 193-201 [PMID: 20606444 DOI: 10.1159/000317248]
Scaglione S, Kliethermes S, Cao G, Shoham D, Durazo R, Luke A, Volk ML. The Epidemiology of
Cirrhosis in the United States: A Population-based Study. J Clin Gastroenterol 2015; 49: 690-696 [PMID:
25291348 DOI: 10.1097/MCG.0000000000000208]
Vilstrup H, Amodio P, Bajaj J, Cordoba J, Ferenci P, Mullen KD, Weissenborn K, Wong P. Hepatic
encephalopathy in chronic liver disease: 2014 Practice Guideline by the American Association for the
Study of Liver Diseases and the European Association for the Study of the Liver. Hepatology 2014; 60:
715-735 [PMID: 25042402 DOI: 10.1002/hep.27210]
Moscucci F, Nardelli S, Pentassuglio I, Pasquale C, Ridola L, Merli M, Riggio O. Previous overt hepatic
encephalopathy rather than minimal hepatic encephalopathy impairs health-related quality of life in
cirrhotic patients. Liver Int 2011; 31: 1505-1510 [PMID: 22093325 DOI:
10.1111/j.1478-3231.2011.02598.x]
Bajaj JS, Schubert CM, Heuman DM, Wade JB, Gibson DP, Topaz A, Saeian K, Hafeezullah M, Bell DE,
Sterling RK, Stravitz RT, Luketic V, White MB, Sanyal AJ. Persistence of cognitive impairment after
resolution of overt hepatic encephalopathy. Gastroenterology 2010; 138: 2332-2340 [PMID: 20178797
DOI: 10.1053/j.gastro.2010.02.015]
Poordad FF. Review article: the burden of hepatic encephalopathy. Aliment Pharmacol Ther 2007; 25
Suppl 1: 3-9 [PMID: 17295846 DOI: 10.1111/j.1746-6342.2006.03215.x]
Neff G, Zachry W III. Systematic Review of the Economic Burden of Overt Hepatic Encephalopathy and
Pharmacoeconomic Impact of Rifaximin. Pharmacoeconomics 2018; 36: 809-822 [PMID: 29651649 DOI:
10.1007/s40273-018-0641-6]
Jepsen P, Ott P, Andersen PK, Sørensen HT, Vilstrup H. Clinical course of alcoholic liver cirrhosis: a
Danish population-based cohort study. Hepatology 2010; 51: 1675-1682 [PMID: 20186844 DOI:
10.1002/hep.23500]
Stewart CA, Malinchoc M, Kim WR, Kamath PS. Hepatic encephalopathy as a predictor of survival in
patients with end-stage liver disease. Liver Transpl 2007; 13: 1366-1371 [PMID: 17520742 DOI:
10.1002/lt.21129]
Bustamante J, Rimola A, Ventura PJ, Navasa M, Cirera I, Reggiardo V, Rodés J. Prognostic significance
of hepatic encephalopathy in patients with cirrhosis. J Hepatol 1999; 30: 890-895 [PMID: 10365817 DOI:
10.1016/s0168-8278(99)80144-5]
Fichet J, Mercier E, Genée O, Garot D, Legras A, Dequin PF, Perrotin D. Prognosis and 1-year mortality
of intensive care unit patients with severe hepatic encephalopathy. J Crit Care 2009; 24: 364-370 [PMID:
19327960 DOI: 10.1016/j.jcrc.2009.01.008]
Greenberg LH, Momary H. Audiotoxicity and nephrotoxicity due to orally administered neomycin. JAMA
1965; 194: 827-828 [PMID: 5898011 DOI: 10.1001/jama.1965.03090200135032]
Smith TL, Pearson ML, Wilcox KR, Cruz C, Lancaster MV, Robinson-Dunn B, Tenover FC, Zervos MJ,
Band JD, White E, Jarvis WR. Emergence of vancomycin resistance in Staphylococcus aureus.
Glycopeptide-Intermediate Staphylococcus aureus Working Group. N Engl J Med 1999; 340: 493-501
[PMID: 10021469 DOI: 10.1056/NEJM199902183400701]
Vlachogiannakos J, Saveriadis AS, Viazis N, Theodoropoulos I, Foudoulis K, Manolakopoulos S, Raptis
S, Karamanolis DG. Intestinal decontamination improves liver haemodynamics in patients with alcoholrelated decompensated cirrhosis. Aliment Pharmacol Ther 2009; 29: 992-999 [PMID: 19210289 DOI:
10.1111/j.1365-2036.2009.03958.x]
Abd-Elsalam S, El-Kalla F, Elwan N, Badawi R, Hawash N, Soliman S, Soliman S, Elkhalawany W,
ElSawaf MA, Elfert A. A Randomized Controlled Trial Comparing Nitazoxanide Plus Lactulose With
Lactulose Alone in Treatment of Overt Hepatic Encephalopathy. J Clin Gastroenterol 2019; 53: 226-230
[PMID: 29668561 DOI: 10.1097/MCG.0000000000001040]

19

January 27, 2020

Volume 12

Issue 1

Chautant F et al. Real life rifaximin use in recurrent hepatic encephalopathy
17

18

19

20

21
22
23

24

25

26

27

28

29

30

31

32

33

34
35

WJH

https://www.wjgnet.com

Elfert A, Abo Ali L, Soliman S, Ibrahim S, Abd-Elsalam S. Randomized-controlled trial of rifaximin
versus norfloxacin for secondary prophylaxis of spontaneous bacterial peritonitis. Eur J Gastroenterol
Hepatol 2016; 28: 1450-1454 [PMID: 27512927 DOI: 10.1097/MEG.0000000000000724]
Bass NM, Mullen KD, Sanyal A, Poordad F, Neff G, Leevy CB, Sigal S, Sheikh MY, Beavers K,
Frederick T, Teperman L, Hillebrand D, Huang S, Merchant K, Shaw A, Bortey E, Forbes WP. Rifaximin
treatment in hepatic encephalopathy. N Engl J Med 2010; 362: 1071-1081 [PMID: 20335583 DOI:
10.1056/NEJMoa0907893]
Sanyal A, Younossi ZM, Bass NM, Mullen KD, Poordad F, Brown RS, Vemuru RP, Mazen Jamal M,
Huang S, Merchant K, Bortey E, Forbes WP. Randomised clinical trial: rifaximin improves health-related
quality of life in cirrhotic patients with hepatic encephalopathy - a double-blind placebo-controlled study.
Aliment Pharmacol Ther 2011; 34: 853-861 [PMID: 21848797 DOI: 10.1111/j.1365-2036.2011.04808.x]
Krag A, Schuchmann M, Sodatonou H, Pilot J, Whitehouse J, Strasser SI, Hudson M. Design of the
Prospective Real-world Outcomes Study of hepatic encephalopathy Patients' Experience on Rifaximin-α
(PROSPER): an observational study among 550 patients. Hepatol Med Policy 2018; 3: 4 [PMID:
30288327 DOI: 10.1186/s41124-017-0029-9]
Dharel N, Bajaj JS. Definition and nomenclature of hepatic encephalopathy. J Clin Exp Hepatol 2015; 5:
S37-S41 [PMID: 26041955 DOI: 10.1016/j.jceh.2014.10.001]
Swaminathan M, Ellul MA, Cross TJ. Hepatic encephalopathy: current challenges and future prospects.
Hepat Med 2018; 10: 1-11 [PMID: 29606895 DOI: 10.2147/HMER.S118964]
Orr JG, Currie CJ, Berni E, Goel A, Moriarty KJ, Sinha A, Gordon F, Dethier A, Dillon JF, Clark K,
Richardson P, Middleton P, Patel V, Shawcross D, Preedy H, Aspinall RJ, Hudson M. The impact on
hospital resource utilisation of treatment of hepatic encephalopathy with rifaximin-α. Liver Int 2016; 36:
1295-1303 [PMID: 26950766 DOI: 10.1111/liv.13111]
Loguercio C, Federico A, De Girolamo V, Ferrieri A, Del Vecchio Blanco C. Cyclic treatment of chronic
hepatic encephalopathy with rifaximin. Results of a double-blind clinical study. Minerva Gastroenterol
Dietol 2003; 49: 53-62 [PMID: 16481971 DOI: 10.1007/s12307-011-0068-5]
Mas A, Rodés J, Sunyer L, Rodrigo L, Planas R, Vargas V, Castells L, Rodríguez-Martínez D, FernándezRodríguez C, Coll I, Pardo A; Spanish Association for the Study of the Liver Hepatic Encephalopathy
Cooperative Group. Comparison of rifaximin and lactitol in the treatment of acute hepatic encephalopathy:
results of a randomized, double-blind, double-dummy, controlled clinical trial. J Hepatol 2003; 38: 51-58
[PMID: 12480560 DOI: 10.1016/s0168-8278(02)00350-1]
Paik YH, Lee KS, Han KH, Song KH, Kim MH, Moon BS, Ahn SH, Lee SJ, Park HJ, Lee DK, Chon CY,
Lee SI, Moon YM. Comparison of rifaximin and lactulose for the treatment of hepatic encephalopathy: a
prospective randomized study. Yonsei Med J 2005; 46: 399-407 [PMID: 15988813 DOI:
10.3349/ymj.2005.46.3.399]
Leevy CB, Phillips JA. Hospitalizations during the use of rifaximin versus lactulose for the treatment of
hepatic encephalopathy. Dig Dis Sci 2007; 52: 737-741 [PMID: 17245628 DOI:
10.1007/s10620-006-9442-4]
Jiang Q, Jiang XH, Zheng MH, Jiang LM, Chen YP, Wang L. Rifaximin versus nonabsorbable
disaccharides in the management of hepatic encephalopathy: a meta-analysis. Eur J Gastroenterol Hepatol
2008; 20: 1064-1070 [PMID: 19047837 DOI: 10.1097/MEG.0b013e328302f470]
Eltawil KM, Laryea M, Peltekian K, Molinari M. Rifaximin vs. conventional oral therapy for hepatic
encephalopathy: a meta-analysis. World J Gastroenterol 2012; 18: 767-777 [PMID: 22371636 DOI:
10.3748/wjg.v18.i8.767]
Wu D, Wu SM, Lu J, Zhou YQ, Xu L, Guo CY. Rifaximin versus Nonabsorbable Disaccharides for the
Treatment of Hepatic Encephalopathy: A Meta-Analysis. Gastroenterol Res Pract 2013; 2013: 236963
[PMID: 23653636 DOI: 10.1155/2013/236963]
Sharma BC, Sharma P, Lunia MK, Srivastava S, Goyal R, Sarin SK. A randomized, double-blind,
controlled trial comparing rifaximin plus lactulose with lactulose alone in treatment of overt hepatic
encephalopathy. Am J Gastroenterol 2013; 108: 1458-1463 [PMID: 23877348 DOI:
10.1038/ajg.2013.219]
Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT. Hepatic encephalopathy-definition, nomenclature, diagnosis, and quantification: final report of the working party at the 11th World
Congresses of Gastroenterology, Vienna, 1998. Hepatology 2002; 35: 716-721 [PMID: 11870389 DOI:
10.1053/jhep.2002.31250]
Bajaj JS, Frederick RT, Bass NM, Ghabril M, Coyne K, Margolis MK, Santoro M, Coakley DF,
Mokhtarani M, Jurek M, Scharschmidt BF. Overt hepatic encephalopathy: development of a novel
clinician reported outcome tool and electronic caregiver diary. Metab Brain Dis 2016; 31: 1081-1093
[PMID: 27278222 DOI: 10.1007/s11011-016-9851-9]
Ferenci P. Hepatic encephalopathy. Gastroenterol Rep (Oxf) 2017; 5: 138-147 [PMID: 28533911 DOI:
10.1093/gastro/gox013]
Cesaro C, Tiso A, Del Prete A, Cariello R, Tuccillo C, Cotticelli G, Del Vecchio Blanco C, Loguercio C.
Gut microbiota and probiotics in chronic liver diseases. Dig Liver Dis 2011; 43: 431-438 [PMID:
21163715 DOI: 10.1016/j.dld.2010.10.015]

20

January 27, 2020

Volume 12

Issue 1

WJ H

World Journal of
Hepatology

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

World J Hepatol 2020 January 27; 12(1): 21-33

DOI: 10.4254/wjh.v12.i1.21

ISSN 1948-5182 (online)

ORIGINAL ARTICLE
Observational Study

Imaging response predictors following drug eluting beads
chemoembolization in the neoadjuvant liver transplant treatment of
hepatocellular carcinoma
Francisco Leonardo Galastri, Felipe Nasser, Breno Boueri Affonso, Leonardo Guedes Moreira Valle,
Bruno Calazans Odísio, Joaquim Mauricio Motta-Leal Filho, Paolo Rogério Salvalaggio, Rodrigo Gobbo Garcia,
Márcio Dias de Almeida, Ronaldo Hueb Baroni, Nelson Wolosker
ORCID number: Francisco Leonardo
Galastri (0000-0001-9599-3778);
Felipe Nasser (0000-0002-3259-7142);
Breno Boueri Affonso
(0000-0002-2940-9016); Leonardo
Guedes Moreira Valle
(0000-0001-6255-340X); Bruno
Calazans Odísio
(0000-0002-1771-8233); Joaquim
Mauricio Motta-Leal Filho
(0000-0001-9844-6833); Paolo
Rogério Salvalaggio
(0000-0002-4109-2285); Rodrigo
Gobbo Garcia
(0000-0002-1968-9595); Márcio Dias
de Almeida (0000-0003-4571-961X);
Ronaldo Hueb Baroni
(0000-0001-8762-0875); Nelson
Wolosker (0000-0003-1991-3507).

Author contributions: Galastri FL
designed the research study,
performed procedures and wrote
the paper; Nasser F, Affonso BB
and Valle LGM contributed
equally to this work, performed
procedures and participated in the
research; Odísio BC contributed to
the project and review; Motta-Leal
Filho JM and Salvalaggio PR
contributed equally with research
and statistical analysis; Garcia RG
and Baroni RH contributed equally
to radiological evaluation and
analytical tools; de Almeida MD
contributed to the clinical
evaluation and follow-up of
patients; Wolosker N contributed
to the study project and writing of
the paper.

Institutional review board

WJH

Francisco Leonardo Galastri, Felipe Nasser, Breno Boueri Affonso, Leonardo Guedes Moreira
Valle, Rodrigo Gobbo Garcia, Department of Interventional Radiology, Hospital Israelita Albert
Einstein, São Paulo 05652-000, Brazil
Bruno Calazans Odísio, Department of Diagnostic Radiology, The University of Texas MD
Anderson Cancer Center, Houston, TX 77230, United States
Joaquim Mauricio Motta-Leal Filho, Radiology Department, Radiology Department, Heart
Institute (InCor), University of São Paulo, São Paulo 05403-900, Brazil
Paolo Rogério Salvalaggio, Teaching and Research Institute, São Paulo, Brazil, Hospital
Israelita Albert Einstein, São Paulo 05652-000, Brazil
Márcio Dias de Almeida, Department of Liver Transplant, Hospital Israelita Albert Einstein, São
Paulo 05652-900, Brazil
Ronaldo Hueb Baroni, Department of Radiology, Hospital Israelita Albert Einstein, São Paulo
05652-000, Brazil
Nelson Wolosker, Department of Vascular Surgery, Hospital Israelita Albert Einstein, São
Paulo 05652-000, Brazil
Corresponding author: Francisco Leonardo Galastri, MD, PhD, Staff Physician, Department of
Interventional Radiology, Hospital Israelita Albert Einstein, Avenida Albert Einstein, 627, São
Paulo 05652-000, Brazil. leogalastri@gmail.com

Abstract
BACKGROUND
Drug-eluting bead transarterial chemoembolization (DEB-TACE) is an
endovascular treatment to release chemotherapeutic agents within a target lesion,
minimizing systemic exposure and adverse effects to chemotherapeutics.
Therefore, identifying which patient characteristics may predict imaging
response to DEB-TACE can improve treatment results while selecting the best
candidates. Predictors of the response after DEB-TACE still have not been fully
elucidated. This is the first prospective study performed with standardized DEBTACE technique that aim to identify predictors of radiological response,
assessing patients clinical and laboratory characteristics, diagnostic imaging and
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intraprocedure data of the hepatocellular carcinoma treated in the neoadjuvant
context for liver transplantation.
AIM
To identify pre- and intraoperative clinical and imaging predictors of the
radiological response of drug-eluting bead transarterial chemoembolization
(DEB-TACE) for the neoadjuvant treatment of hepatocellular carcinoma (HCC).
METHODS
This is prospective, cohort study, performed in a single transplant center, from
2011 to 2014. Consecutive patients with HCC considered for liver transplant who
underwent DEB-TACE in the first session for downstaging or bridging purposes
were recruited. Pre and post-chemoembolization imaging studies were
performed by computed tomography or magnetic resonance. The radiological
response of each individual HCC was evaluated by objective response using
mRECIST and the percentage of necrosis.
RESULTS
Two hundred patients with 380 HCCs were examined. Analysis of the objective
response (nodule-based analysis) demonstrated that HCC with pseudocapsules
had a 2.01 times greater chance of being responders than those without
pseudocapsules (P = 0.01), and the addition of every 1mg of chemoembolic agent
increased the chance of therapeutic response in 4% (P < 0.001). Analysis of the
percentage of necrosis through multiple linear regression revealed that the
addition of each 1mg of the chemoembolic agent caused an average increase of
0.65% (P < 0.001) in necrosis in the treated lesion, whereas the hepatocellular
carcinoma with pseudocapsules presented 18.27% (P < 0.001) increased necrosis
compared to those without pseudocapsules.
CONCLUSION
The presence of a pseudocapsule and the addition of the amount of
chemoembolic agent increases the chance of an objective response in
hepatocellular carcinoma and increases the percentage of tumor necrosis
following drug-eluting bead chemoembolization in the neoadjuvant treatment,
prior to liver transplantation.
Key words: Hepatocellular carcinoma; Liver transplantation; Response evaluation criteria
in solid tumors; Neoadjuvant therapy; Liver neoplasms
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This is the first prospective study performed with standardized drug-eluting
bead transarterial chemoembolization technique that aim to identify predictors of
radiological response, assessing patients clinical and laboratory characteristics,
diagnostic imaging and intraprocedure data of the hepatocellular carcinoma treated in the
neoadjuvant context for liver transplantation. Two hundred patients with 380
hepatocellular carcinomas were examined and we could conclude that the presence of a
pseudocapsule and the addition of the amount of chemoembolic agent increases the
chance of an objective response and increases the percentage of tumor necrosis in
hepatocellular carcinoma following drug-eluting bead chemoembolization in the
neoadjuvant treatment, prior to liver transplantation.
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Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver, the
seventh most frequent malignant neoplasm and it is the third leading cause of cancerrelated death in the world[1-3]. Liver transplantation remains the best treatment option
for patients whose HCC falls within the Milan criteria[4,5]. Nevertheless, insufficient
organ donation demands priority criteria for transplantation in many countries[5]. To
avoid HCC progression while on the waiting list, patients can receive neoadjuvant
treatment if they are within the criteria “bridging therapy” or not “downstaging
therapy”, and remain eligible for transplantation[6,7]. In many centers, transarterial
chemoembolization (TACE) is the treatment of choice for that purpose[8].
Although TACE has been proven effective for the treatment of intermediate stage
HCC [4] , tumor response as a neoadjuvant therapy prior to resection and liver
transplantation, (BCLC stages 0, A and B) is less predictable[9]. Drug-eluting bead
transarterial chemoembolization (DEB-TACE) is a novel endovascular treatment
based on the use of microspheres that release chemotherapeutic agents within a target
lesion, minimizing systemic exposure and adverse effects to chemotherapeutics[8-11].
Hence, identifying which patient characteristics may predict imaging response to
DEB-TACE may improve treatment results when selecting the best candidates for
neoadjuvant therapy.
Current publications regarding determinants of post-TACE tumor response seem to
be based on published data using c-TACE, and on retrospective studies[12-14]. DEBTACE’s predictors of response have not been completely elucidated. This is the first
single-center prospective study performed using a standardized DEB-TACE
technique that aimed to identify predictors of radiological response, assessing patients
clinical and laboratory characteristics, diagnostic imaging and intraprocedural data of
HCCs treated in the neoadjuvant context for liver transplantation.

MATERIALS AND METHODS
This was a single-center, observational cohort, prospective study, conducted at the
Interventional Medicine Center, and was approved by the local institutional review
board (CAAE 0199.0.028.000-11). All patients signed an informed consent form.

Patients and eligibility
Two hundred consecutive HCC patients underwent DEB-TACE first session at our
institution from April 1, 2011 until June 30, 2014, according to the outpatient
treatment protocol[15]. These patients had a total of 380 tumors, and 323 of them were
treated. Inclusion criteria was as it follows: patients with HCC BCLC staging 0, A or B,
who took part in the liver transplantation program of the institution, in which the
DEB-TACE procedure purpose was downstaging or for bridging strategy, and we
assured they did not have extrahepatic spread or vascular invasion. Patient pretreatment assessments was performed and included clinical and physical
examination, imaging studies and laboratory tests — including contrast-enhanced
magnetic resonance (MRI) or triple-phase computed tomography (CT). The
intraoperative variables that were assessed were treatment-specific and general
procedure data for each tumor. Exclusively the imaging results from the first session
procedure were analyzed. The imaging was performed from 30 to 60 d after DEBTACE and so the response evaluation.

DEB-TACE procedure
All procedures were performed under sedation (midazolam and fentanyl),
intravenous analgesia and local an aesthesia with 2% lidocainee. Catheterizations
were performed via common femoral artery, followed by superior mesenteric, celiac
trunk and common hepatic artery angiograms performed with a Cobra 2 5F or
Simmons 2 5F (Cordis, United States). With the angiograms, it was possible to outline
the hepatic artery anatomy, to delineate the tumor and the vessels that supply it, and
assess portal vein patency.
The feeding vessels previously identified were catheterized with a 2.8 F
microcatheter (Progreat, Terumo, Japan), and followed by embolization of the tumors
with injection of one vial of 100-300 µm DC-BEAD (Biocompatibles ® , United
Kingdom, LTDA) or 50-100 µm HepaSphere (Merit Medical Systems, United States)
loaded with 50 mg doxorubicin mixed with iodinated contrast medium, in line with
the manufacturers recommendations. Proximal embolization was defined by delivery
of beads from the right or left hepatic artery; Segmental embolization by DEB-TACE
delivery from segmental branches; and subsegmental embolization by the injection of
beads from subsegmental or even more distal branches (Figure 1)[16].
When necessary to guide catheterization and evaluate tumor vascularization cone
bean computed tomography (Xper CT, Philips, Netherlands) imaging was carried out.
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Figure 1 Hepatic angiography - arterial phase - and levels of superselection for administration of the
chemoembolic agent. Superelelectivity levels for administration of the chemoembolic agent. 1: Proximal
embolization: right/left hepatic artery trunk; 2: Segmental: right/left hepatic artery segmental branch; 3: Subsegmental
branch of the right/left hepatic artery.

Whether the target lesion was hyper ou hypovascular, compared to the hepatic
parenchyma in angiographic presentation, was also described (Figure 2). The
endpoint was reached when near stasis was observed in the arterial branch(es)
supplying the tumor. If that was no accomplished after the first procedure, the same
HCC was identified in the database and later in another opportunity. The dose of
chemoembolic agent used in each treated lesion was quantified. In situations such as
proximal/contiguous lesion involvement, or where it was not possible to perform
superselective catheterization and individualization of the target lesion, the following
equation was used to individualize the dose of chemoembolic agent administered to
the lesion (Figure 3). A suturing device (Perclose Proglide, Abbott, United States) was
used for access closure in all patients.

Tumor response
The primary outcome of the study was to determine the radiological objective
response (OR) of HCC to DEB-TACE therapy, as assessed by mRECIST guidelines[17,18].
The secondary endpoint of the study was to determine radiological response using
the percentage of HCC necrosis after DEB-TACE therapy. Tumor response was
evaluated in three manners.
Nodule-based analysis: Response of each treated tumor was evaluated and the
baseline diameter prior to DEB-TACE was compared to the same tumor diameter
after DEB-TACE, as stated by the mRECIST guidelines[17]. Complete response (CR)
was defined as the absence of intratumoral contrast enhancement, and partial
response (PR) when at least 30% decrease in diameter of the viable tumor was
reached. Any case that did not meet for either partial response or progressive disease
was considered as stable disease (SD), and progressive disease (PD) was defined as an
increase of 20% or more in diameter of the viable tumor. OR was characterized as
responder (RE) when the nodule reached CR and PR, and non-responder (NR) when
the nodule reached SD and PD.
Target lesion response: The response of treated nodules was evaluated by comparing
the baseline sum of diameters of target lesions previous to DEB-TACE with the sum of
diameters of viable target lesions after DEB-TACE in each patient, according to
mRECIST guidelines CR was defined as the absence of intratumoral contrast
enhancement in all target lesions, and PR when at least 30% decrease in the sum of the
diameters of the viable tumor was reached. Any case that did not meet for either
partial response or progressive disease was considered as SD, and PD was defined as
an increase of 20% or more in the sum of the diameters of the viable target lesions. OR
was characterized as RE when the target lesion reached CR and PR, and NR when the
target lesion reached SD and PD.
Individual response of treated HCC (% necrosis): Analysis of individual necrotic
percentage response of each of the 298 treated HCCs was assessed by comparing the
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Figure 2

Figure 2 Representation of feeding vessels and hypervascularization of hepatocellular carcinoma in hepatic angiography. A: Hepatic angiography - arterial
phase - showing, in solid line, projection two feeding vessels responsible for the formation of hepatocellular carcinoma who received chemoembolic agent dose; B:
Hepatic angiography - arterial phase - showing the presence of a circular area in the projection of hepatocellular carcinoma with contrast medium concentration in
relation to the adjacent area, being characterized as a hypervascular hepatocellular carcinoma.

largest axial diameter of necrosis of each tumor with the largest diameter of the same
tumor post-DEB-TACE imaging.

Statistical analysis
Statistical analysis was performed using SPSS software, version 20.0 (IBM, Armonk,
NY, United States). Differences between the means of continuous variables were
compared according to the OR using Student's t-tests. Qualitative variables were
described according to OR, and the association with chi-square test or exact tests
(Fisher's exact test or likelihood ratio test) was verified. Pearson's correlations with
quantitative variables were calculated for necrosis assessment and necrosis
percentages were compared according to qualitative characteristics using Student's ttest or analysis of variance (ANOVA). To evaluate prognostic factors for OR,
multivariate logistic regression analysis was performed and multiple linear regression
analysis was used to evaluate prognostic factors of the percentage of tumor necrosis.
For both models, the univariate analysis variables that were statistically significant for
the outcomes were inserted, using the stepwise backward selection method with 5%
input and output cryethium. The ROC (receiver operating characteristics) curve was
constructed for the OR model to evaluate the quality of fit of the model. A p-value of
less than or equal to 0.05 was considered significant.

RESULTS
In this study, 200 patients were included, with a total of 380 tumors detected at
baseline imaging examinations. Of the 380 nodules, 323 were defined as target lesions
and underwent DEB-TACE. The procedure was interrupted before embolization in
one patient, with a single tumor, because he presented respiratory failure after
sedation. Prior to the control imaging tests, 14 patients underwent hepatic transplant
and were excluded. Therefore, the tumor radiological response was evaluated in 185
patients and the remaining 298 HCCs (Figure 4). The mean time between baseline
CT/MRI and DEB-TACE was 40.2 d.

Target lesion response
According to OR for the target lesions (mRECIST; Target Lesion Response), no
difference was observed between groups, concerning clinical characteristics, pre
procedure laboratory and intraoperative information,as shown in Tables 1-3. Higher
indirect bilirubin alone suggested a lower mean value in RE patients (P = 0.05) (Table
2).

Nodule-based tumor response
The individual preoperative radiological characteristics and intraoperative variables
of HCCs were classified according to OR (mRECIST; nodule-based analysis). Upon
univariate analysis, large HCC diameter (P < 0.001), the presence of a pseudocapsule
(P < 0.001), increasing levels of chemoembolic agent delivered (P < 0.001) and larger
numbers of feeding vessels (P = 0.041) were found to be predictive factors for OR
(Table 4).
By multivariate logistic regression analysis, among variables that showed relevance

WJH

https://www.wjgnet.com

25

January 27, 2020

Volume 12

Issue 1

Galastri FL et al. Response predictors following HCC chemoembolization
Figure 3

Figure 3 Calculation method for individualization of the dose of the chemoembolic agent received by treated hepatocellular carcinoma in situations of
impossibility of the superselective catheterism. A: Magnetic resonance imaging pre-chemoembolization abdomen - post-contrast T1 weighted phase - showing
three confluent hypervascular lesions; B: Selective hepatic arteriography in segment VI of the right hepatic artery showing hypervascular lesions characteristic of
hepatocellular carcinoma; C: Intraoperative cone beam tomography with selective arterial contrast in segment VI - venous phase - showing three confluent lesions
with contrast medium lavage; D: Diameter of hepatocellular carcinomas located in segment VI to be treated; E: Exemplification of the calculation of dose
individualization of the chemoembolic agent administered; F: Equation of individualized chemoembolic dose. MRI: Magnetic resonance imaging.

alone, only the dose of the chemoembolic agent (OR = 1.04; 95%CI: 1.02-1.06, P <
0.001) and the presence of a pseudocapsule (OR = 2.01; 95%CI: 1.18-3.42) were jointly
prognostic factors for OR (Table 5). For each milligram of chemoembolic agent
solution administered, there was a 4% increase chance of the chemoembolized tumor
being RE. The variables of number of feeding vessels and diameter of HCC lost
statistical significance in the presence of the variables of the chemoembolic agent dose
and pseudocapsule presence. Once a target tumor received the full dose of the 50 mg
chemoembolic agent, it was 58.9% more likely to be RE than a tumor that received 1
mg chemoembolic agent. The chance of the tumor being RE when in the presence of a
pseudocapsule was 2.01 times greater (95%CI: 1.18-3.42, P = 0.01) the chance of
tumors without a pseudocapsule being RE (Table 5).
Despite the adjustments found for the dose of chemoembolic agent (mg) and
pseudocapsule as explanatory variables for OR, the area under the curve (AUC) was
70.5% (Figure 5) indicating that other characteristics not evaluated in this study are
also important additional factors that explain OR. Nevertheless, according to the ROC
curve, these two variables presented an acceptable adjustment for OR.

Individual response of treated hepatocellular carcinoma (% necrosis)
When the necrosis rate was evaluated with respect to each of the tumor characteristics
(Table 6), necrosis increased as HCC diameter increased (r = 0.210; P < 0.001) and as
the dose of chemoembolic agent increased (r = 0.310, P < 0.001). The presence of a
pseudocapsule conveyed, on average, a higher percentage of necrosis (P < 0.001).
Regarding arterial catheterization, tumors chemoembolized through subsegmental
branches presented a higher percentage of necrosis than tumors chemoembolized
through segmental branches (P = 0.038).
However, according to multiple linear regression (Table 7), when evaluated
together, only the dose of the chemoembolic agent and presence of a pseudocapsule
were related to the percentage of necrosis. The addition of each 1 milligram of the
chemoembolic agent resulted in an average increase of 0.65% in necrosis in the treated
lesion, whereas HCCs with a pseudocapsule presented 18.27% more necrosis than
CHCs without a pseudocapsule. On average, HCCs that did not receive mg of
chemoembolic agent and did not have a pseudocapsule, presented 27.8% necrosis.
This radiological response, as a percentage of HCC necrosis treated through the DEBTACE, can be expressed by the equation:
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Figure 4 Flowchart of the patients included in the study. HCC: Hepatocellular carcinoma; CT: Computed
tomography; MRI: Magnetic resonance imaging; DEB-TACE: Drug-eluting bead transarterial chemoembolization.

DISCUSSION
Radiological response to neoadjuvant HCC treatments is a fundamental method of
evaluation for the decision to maintain and meet the criteria necessary for execution of
a hepatic transplant[7,11]. Although the pseudocapsule was considered a predictor of
radiological response in our study, this radiological characteristic of HCC cannot be
differentiated from the true tumor capsule by imaging tests, requiring
histopathological evaluation[19-21]. However, Ishigami et al[19] were able to correlate
radiological findings of the pseudocapsule through histopathological analysis,
evidencing that it was composed of prominent sinusoids and/or peritumoral fibrosis
connecting to Glisson capsule fibrosis. Pseudocapsule HCCs, according to the same
author, can be considered similar to those with a true fibrotic capsule histologically in
terms of tumor invasiveness because the incidence of vascular invasion and degrees
of cellular differentiation of evaluated tumors were similar[19].
In a previous study, evaluating 23 patients submitted to DEB-TACE in the same
clinical stage of the current study who were submitted to liver transplantation, the
presence of true capsule tumor was an independent predictor of histological
response[22]. Similarly, studies evaluating changes in the histopathological architecture
of HCCs treated with cTACE found that unencapsulated tumors have a worse
response to cTACE than capped tumors, suggesting that unencapsulated lesions are
primarily nourished by the portal vein[20]. Unlike our study, however, none of the
cited studies were able to quantify the importance of the presence of pseudocapsules
with respect to radiological response of HCC to DEB-TACE.
When we consider only those studies that used the DEB-TACE technique, we find
Vesselle et al[23], a prospective cohort studying BCLC stage A and B patients[11,23], who
were not candidates for curative therapy and used a heterogeneous caliber of embolic
agent, identified that HCCs smaller than 5 cm were associated with a greater chance
of CR and that tumors located in the hepatic segments I and IV presented worse
radiological results[23]. In our study, the location of HCC in the hepatic segments,
based on the hepatic segmentation of Couinaud, was not a predictor of radiological
response (P = 0.961 OR, nodule-based analysis (mRECIST) and HCC treated P = 0.709,
percentage of necrosis).
Odisio et al[22] evaluated histopathological response in a similar population with the
same standardized DEB-TACE technique, dividing HCCs into two groups according
to the diameter, 3.2 cm (95%CI: 2.55 -3.85) and 2.1 cm (95%CI: 1.79-2.48), and found a
higher percentage of necrosis in HCCs with larger diameters. In our study, although
the mean diameter of HCCs was related to radiological response, both according to
OR of the individual HCC response, NR: 2.2 cm (SD: 1; 8.5 cm) and RE: 2.7 cm (P <
0.001), as well as the percentage of HCC necrosis treated (P < 0.001), when evaluated
together with the dose of the chemoembolic agent and pseudocapsule, it did not
retain statistical significance.
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Table 1 Clinical characteristics according to objective response - target lesion response
Variable

NR (n = 44)

RE (n = 141)

Total (n = 185)

P value

Gender (male), n (%)

39 (88.6)

118 (83.7)

157 (84.9)

0.424

Age (yr), mean ± SD

58.7 ± 9.2

57.4 ± 8.1

57.7 ± 8.4

0.3631

BMI, mean ± SD

27.2 ± 4.2

27 ± 4.8

27.1 ± 4.7

0.7171

Systemic hypertension, n (%)

19 (43.2)

60 (42.6)

79 (42.7)

0.941

DM, n (%)

17 (38.6)

46 (32.6)

63 (34.1)

0.463

DLP, n (%)

1 (2.3)

9 (6.4)

10 (5.4)

0.4562

Smoker (%)

12 (27.3)

28 (19.9)

40 (21.6)

0.297

Coagulopathy3, 4, n (%)

21 (47.7)

63 (44.7)

84 (45.4)

0.723

Thrombocitopenia5, n (%)

28 (63.6)

93 (66)

121 (65.4)

0.778
0.7056

CHILD, n (%)
A

19 (45.2)

72 (52.6)

91 (50.8)

B

20 (47.6)

56 (40.9)

76 (42.5)

C

3 (7.1)

9 (6.6)

12 (6.7)

MELD, mean ± SD

12.1 ± 3.5

11.9 ± 3.5

12 ± 3.5

0.6051

Downstaging - Milan Criteria, n (%)

9 (20.5)

45 (31.9)

54 (29.2)

0.144

Multinodular HCC, n (%)

19 (43.2)

68 (48.2)

87 (47)

0.558

7

χ2-test.
1
Student’s t-test;
2
Fisher’s exact test;
3
Can’t calculate;
4
Patients with INR > 1.2[19];
5
Patients with serum platelet counts < 150.000/mm3[20];
6
Probability ratio test;
7
Patients undergoing neoadjuvant liver transplant treatment excluded from the Milan Criteria. NR: Nonresponder; RE: Responder; BMI: Body mass index; DM: Diabetes mellitus; DLP: Dyslipidemia; CHILD: ChildTurcotte-Pugh classification; MELD: Model for end-stage liver disease; DEB-TACE: Drug-eluting beads
transarterial chemoembolization; INR: International normalized ratio; HCC: Hepatocellular carcinoma.

There have been no published studies that related the dose of the chemotherapeutic
agent used individually in each HCC in neoadjuvant DEB-TACE procedures with
radiological response. In a study by Odisio et al [22] , cumulative dose of the
chemoembolic agent in all DEB-TACE sessions in which the HCC was submitted, was
examined using histopathological results, and no statistical significance was observed.
The elapsed time of more than one DEB-TACE procedure in addition to the waiting
period for LT may have influenced the outcome of the histopathological evaluation.
However, another factor that may justify the absence of this correlation in the study of
Odisio et al[22], is the fact that the HCCs that did not reach vascular stasis until the end
of the chemoembolic agent with carrier microspheres were administered the
complementary embolization with microspheres (300-500 µm Bead Block,
Biocompatibles, United Kingdom Ltd.) until reaching vascular stasis. In our study, the
dose of the standardized chemoembolic solution of carrier microspheres was not
supplemented with non-carrier microspheres, except in cases of tumor rupture,
increasing the reliability of the method in reaching the same dose ratio in all HCCs of
the chemoembolic/cm of viable HCC until vascular stasis is reached. HCCs that did
not reach vascular stasis were identified and tested for radiological response as
described in Tables 4 and 6. According to our study, the dose of chemoembolic agent
administered individually in each HCC is directly related to radiological response
when evaluated by the mRECIST OR method[18], as well as the percentage of necrosis.
Analysis of randomized univariate associations of demographic, laboratory, and
comorbid data, according to Target Lesion Response (mRECIST)[17,18], showed that
patients with OR showed lower values of indirect bilirubin (P = 0.05), indicating a
possibility that the greater clinical severity of these patients may have influenced the
worse performance of their radiological response. However, CHILD and MELD
scores, specific scores for clinical liver function evaluation, were tested and were not
statistically significance. Understanding the relationship of these severity criteria to
DEB-TACE results in the neoadjuvant scenario to liver transplantation becomes
important because the addition of neoadjuvant procedures to liver transplant brings
with it an additional risk known for surgical procedures of patients staged in more
advanced severity classes. Thus, the benefit of the use of DEB-TACE in this scenario
should be evaluated in a rigorous and standardized way, to identify patients who can
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Table 2 Pre procedure laboratory characteristics according to objective response - target lesion
response (mRECIST)
Variable

NR (n = 44)

RE (n = 141)

Total (n = 185)

P value

Hb (g/dL)

12.9 ± 2.5

12.9 ± 2

12.9 ± 2.1

0.6671

Ht (%)

37.1 ± 6.7

37.4 ± 5.6

37.3 ± 5.9

0.8621

Creatinine (mg/dL)

0.95 ± 0.81

0.92 ± 0.86

0.93 ± 0.84

0.4591

Albumin (g/dL)

3.43 ± 0.53

3.34 ± 0.55

3.37 ± 0.54

0.5751

Alphafetoprotein (UI/mL)

200.3 ± 463

435.1 ± 2307.2

379.3 ± 2027.7

0.3201

Direct bilirubin (mg/dL)

0.73 ± 0.49

0.65 ± 0.41

0.67 ± 0.43

0.6481

Indirec bilirubina (mg/dL)

1.43 ± 0.87

1.14 ± 0.71

1.21 ± 0.76

0.0501

Total bilirubin (mg/dL)

1.9 ± 1.11

1.78 ± 0.89

1.81 ± 0.94

0.8421

INR

1.31 ± 0.19

1.31 ± 0.21

1.31 ± 0.2

0.7781

Platelets (x 10 /mm )

85 ± 42.9

91.7 ± 54.8

90.1 ± 52.1

0.8101

AST (U/L)

87 ± 68.1

84.4 ± 59

85.1 ± 61.3

0.8421

ALT (U/L)

71.4 ± 52.4

71.5 ± 49.7

71.5 ± 50.2

0.8251

3

3

1

Student's t-test. NR: Non-responder; RE: Respondent; Hb: Hemoglobin; Ht: Hematocrit; INR: International
normalized ratio; AST: Glutamic-oxalacetic transamisnase; ALT: Glutamic-pyruvic transaminase.

obtain the maximum radiological response with the lowest clinical risk.
In relation to intraoperative variables [duration of the procedure (min), radioscopy
time (min) and contrast volume (mL)] tested according to OR - Target Lesion
Response (mRECIST) (Table 3), no statistical significance was observed with
radiological response. Thus, possible assumptions were made that longer procedures,
with a longer radioscopy time or requiring a greater volume of contrast medium
during the DEB-TACE that were, therefore, more difficult, could present worse
radiological results but were not confirmed.
Intraoperative variable for arterial catheterization, when evaluated by the
percentage of HCC necrosis treated, suggested that tumors chemoembolized through
subsegmental branches had a higher percentage of necrosis than tumors
chemoembolized through segmental branches (P = 0.038). However, in a multiple
linear regression analysis, this variable did not maintain statistical significance. Even
when we evaluated the variable arterial selectivity according to OR - target lesion
response (mRECIST), it was not statistically relevant. Thus, the perception that the
best radiological response in transarterial procedures is obtained with the maximum
superselecttion of the target HCC was not confirmed in this study.
The limitations of this study include that data analysis was related only to the first
treatment of HCC by DEB-TACE, and there were some HCCs that did not achieve
vascular stasis in this first session of DEB-TACE (not achieved the end point).
Furthermore, use of the 50-100 µm Hepasphere carrier microsphere (Merit Medical
Systems, United States) only occurred in 28 HCCs, while the 100-300 µm DC Beads,
Biocompatible, United Kingdom Ltd. was used in the remaining 270 HCCs, so it was
not possible to identify differences between these materials used in the radiological
results.
Analysis of predictors of radiological response of DEB-TACE for the neoadjuvant
treatment of HCC showed that a pseudocapsule increases the chance of HCCs being
responders by 2.01 times, and every milligram of chemoembolic agent administered
causes a 4% increase in the chance of HCC being responders. The addition of each 1
mg of the chemoembolic agent resulted in an average increase of 0.65% in necrosis,
and the presence of a pseudocapsule causeds 18.27% more necrosis in treated HCCs.
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Table 3 Intraoperative information according to objective response - target lesion response (mRECIST)
Variable

NR (n = 44)

RE (n = 141)

Total (n = 185)

P value

Duration (min)

60.9 ± 24.9

64.5 ± 24.8

63.6 ± 24.8

0.3721

Radioscopy time (min)

25.2 ± 11.7

25.2 ± 12

25.2 ± 11.9

0.9271

Contrast volume (mL)

251.8 ± 70.1

249.6 ± 63.1

250.1 ± 64.6

0.8881

1

Student's t-test. NR: Non-responder; RE: Responder; Duration: Total time of chemoembolization procedure; Radioscopy time: Radioscopy time of the
chemoembolization procedure.

Table 4 Characteristics of hepatocellular carcinoma according to objective response - nodule-based analysis (mRECIST)
Variable

NR (n = 93)

RE (n = 205)

Total (n = 298)

P value

2.2 (1; 8.5)

2.7 (1.1; 8)

2.5 (1; 8.5)

< 0.0011

Preoperative
HCC diameter (cm)
2

0.9613

Liver segment , n (%)
1

2 (2.2)

4 (2)

6 (2)

2

8 (8.6)

24 (11.7)

32 (10.7)

3

5 (5.4)

15 (7.3)

20 (6.7)

4

10 (10.8)

18 (8.8)

28 (9.4)

5

9 (9.7)

23 (11.2)

32 (10.7)

6

19 (20.4)

35 (17.1)

54 (18.1)

7

23 (24.7)

46 (22.4)

69 (23.2)

8

17 (18.3)

40 (19.5)

57 (19.1)

Pseudocapsule, n (%)

47 (50.5)

149 (72.7)

196 (65.8)

< 0.001

11.4 (1.5; 50)

22.5 (2.4; 100)

18.23 (1.5; 100)

< 0.0011

mean ± SD

1.2 ± 0.4

1.3 ± 0.5

1.2 ± 0.5

median (min; max)

1 (1; 3)

1 (1; 3)

1 (1; 3)

Intraoperative
Chemoembolic dosis (mg)
Feeding vessels

0.0411

Selective catheterization@, n (%)

0.1973

Proximal

3 (3.4)

9 (5.2)

12 (4.6)

Segmental

33 (37.9)

47 (27.2)

80 (30.8)

Subsegmental

51 (58.6)

117 (67.6)

168 (64.6)

Hypervascular4, n (%)

70 (75.3)

156 (78.8)

226 (77.7)

0.502

End-point5, n (%)

88 (94.6)

187 (91.2)

275 (92.3)

0.308

1

Mann-Whitney test;
Liver segmentation according to Couinaud;
3
Likelihood ratio test;
4
Hepatocellular carcinoma identified as hypervascular during hepatic angiography;
5
Hepatocellular carcinoma that obtained vascular stasis during the first chemoembolization session. NR: Non-responder; RE: Responder; HCC:
Hepatocellular carcinoma.
2

Table 5 Objective response – nodule-based analysis (mRECIST) – responder
95%CI
Variable

OR

P value
Inferior

Superior

Chemoembolic dose (mg)

1.04

1.02

1.06

< 0.001

Pseudocapsule

2.01

1.18

3.42

0.01

Multiple logistic regression.
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Table 6 Characteristics of lesion according to percentage of necrosis - hepatocellular carcinoma treated
Variable

Description

P value

HCC diameter (cm)

0.21

< 0.001

Chemoembolic dose (mg)1

0.31

< 0.001

0.093

0.11

1

1

Feeding vessel

Liver segment2

0.7093

1

41.7 ± 49.2

2

60.9 ± 43.6

3

64 ± 38.9

4

53 ± 42.4

5

47.3 ± 42

6

50 ± 43.6

7

56.2 ± 41.3

8

59.3 ± 43.2
< 0.0014

Pseudocapsule
No

39.2 ± 43.8

Yes

63.4 ± 39.2

Selective catheterization5

0.0383

Proximal

70.4 ± 43.9

Segmental

46.3 ± 41.6

Subsegmental

59.1 ± 41.9

Hypervascular6

0.9883

No

54.4 ± 43.6

Yes

54.3 ± 42.2

End point7

0.1983

No

66.1 ± 37.7

Yes

54.2 ± 42.6

1

Pearson's correlation;
Liver segmentation according to Couinaud;
3
ANOVA;
4
Student t-test;
5
Selective catheterization levels for hepatic chemoembolization (Proximal: right/left hepatic artery trunk; Segmental: right/left hepatic artery segmental
branch; Subsegmental: right/left hepatic artery subsegmental branch);
6
Hepatocellular carcinoma identified as hypervascular during hepatic angiography;
7
Hepatocellular carcinoma that obtained vascular stasis during the first chemoembolization session. Data expressed as mean ± SD. HCC: Hepatocellular
carcinoma.
2

Table 7 Radiological response – % Necrosis – treated hepatocellular carcinoma
Variable

Coefficient

Standard-error

t value

P value

Constant

27.83

4.64

6

< 0.001

Chemoembolic dose (mg)

0.65

0.14

4.58

< 0.001

Pseudocapsule

18.27

5

3.66

< 0.001

Multiple linear regression.

WJH

https://www.wjgnet.com

31

January 27, 2020

Volume 12

Issue 1

Galastri FL et al. Response predictors following HCC chemoembolization
Figure 5

Figure 5 Receiver operating characteristics curve of prediction of hepatocellular carcinoma objective response.
Figure formula

ARTICLE HIGHLIGHTS
Research background
Drug-eluting bead transarterial chemoembolization (DEB-TACE) minimizes systemic exposure
and adverse effects to chemotherapeutics in hepatocellular carcinoma (HCC) patients.

Research motivation
Predictors of the response after DEB-TACE still have not been fully elucidated.

Research objectives
Identifying characteristics which may predict imaging response can improve treatment results
and select the best candidates.

Research methods
This was a single center, observational cohort prospective study.

Research results
Pseudocapsule increases by 2.01 times the chance of HCC to be responder and 18.27% more
necrosis in treated HCCs. Every milligram of the chemoembolic agent administered causes a 4%
increase the chance of HCC to be a responder and increase of 0.65% in necrosis.

Research conclusions
Pseudocapsule and the addition of the amount of chemoembolic agent are imaging response
predictors following drug eluting beads chemoembolization in the neoadjuvant liver transplant
treatment of hepatocellular carcinoma.

Research perspectives
Identify what other criteria not evaluated in this study may also be important additional factors
explaining the post-DEB-TACE radiological response in the neodjuvant treatment of
hepatocarcinoma.
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Abstract
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver
malignancy and is increasing in incidence. Long-term outcomes are optimized
when patients undergo margin-negative resection followed by adjuvant
chemotherapy. Unfortunately, a significant proportion of patients present with
locally advanced, unresectable disease. Furthermore, recurrence rates are high
even among patients who undergo surgical resection. The delivery of systemic
and/or liver-directed therapies prior to surgery may increase the proportion of
patients who are eligible for surgery and reduce recurrence rates by prioritizing
early systemic therapy for this aggressive cancer. Nevertheless, the available
evidence for neoadjuvant therapy in ICC is currently limited yet recent advances
in liver directed therapies, chemotherapy regimens, and targeted therapies have
generated increasing interest its role. In this article, we review the rationale for,
current evidence for, and ongoing research efforts in the use of neoadjuvant
therapy for ICC.
Key Words: Biliary tract cancer; Preoperative therapy; Conversion therapy; Down-staging;
Hepatectomy; Liver resection
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Liver resection is the primary component of curative-intent treatment for
patients with localized intrahepatic cholangiocarcinoma (ICC). However, a majority of
patients present with locally advanced disease and even those who undergo resection
are at high risk of recurrence. Neoadjuvant therapy may successfully downstage a
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subset of patients to resectable disease and improve the long-term outcomes of patients
treated with multimodality therapy. As such, the benefits of neoadjuvant treatment
strategies aimed at down-staging the tumor and increasing resection rates are of great
interest. While high-level evidence regarding the efficacy of neoadjuvant therapy in
ICC is lacking, emerging evidence from case control series, as well as recent advances
in systemic therapies, liver-directed treatments, and targeted therapies based on an
improved understanding of cholangiocarcinogenesis have led to increasing interest in
its use.

Citation: Akateh C, Ejaz AM, Pawlik TM, Cloyd JM. Neoadjuvant treatment strategies for
intrahepatic cholangiocarcinoma. World J Hepatol 2020; 12(10): 693-708
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/693.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.693

INTRODUCTION
Cholangiocarcinomas (CCA) are a heterogeneous type of biliary tract cancer (BTC)
arising from the epithelial cells of the intrahepatic and extrahepatic biliary tracts[1].
CCAs are classified as distal bile duct, perihilar, or intrahepatic based on their
anatomic location[2]. Intrahepatic cholangiocarcinoma (ICC) arises distal to the
secondary biliary radicals and comprise approximately 20% of all CCAs. ICCs have
distinct molecular, anatomic, clinical, and prognostic characteristics compared with
other BTCs. Although relatively rare, the incidence of ICC has been increasing over the
past decade and ICC is currently the second most common type of primary liver
cancer. The optimal management of ICC includes surgical resection; unfortunately, a
majority of patients will present with metastatic or locally advanced disease and are
therefore not candidates for surgery. Even those patients with localized disease who
undergo margin-negative resection are at high risk for recurrence, highlighting the
need for effective systemic therapies. While the optimal systemic therapy given
following resection (i.e., adjuvant therapy) continues to evolve, there is growing
interest in the use of neoadjuvant therapy (NT) for ICC. Such strategies may effectively
downstage patients with locally advanced disease in order to achieve surgical
resection while prioritizing the early and guaranteed delivery of systemic therapy in
order to improve long-term oncologic outcomes for this aggressive cancer. Recent
advances in the molecular understanding of ICC, as well as the development of
effective systemic and liver-directed therapies, have also increased interest in the use
of NT. In this study, we review the rationale for, evidence of, and ongoing research
efforts in the use of NT for ICC.

MANAGEMENT OF ICC
Surgical resection
Surgical resection remains the only treatment option with curative intent in the
management of ICC[3,4]. Unfortunately, only about 20%-30% of patients present with
resectable disease. Given that most patients present with advanced disease, patient
selection is critical to ensure that patients will benefit from surgery. All patients
require comprehensive evaluation along three domains: Anatomic, biologic, and
physical condition. Patients must have appropriate performance status to undergo
major liver surgery without prohibitive medical comorbidities. Complete staging with
cross-sectional imaging and tumor markers should be performed to ensure the absence
of metastatic disease. In general, distant, contralateral hepatic, peritoneal, and lymph
node metastases beyond the porta hepatis are contraindications to resection[5]. As such,
some guidelines recommend a diagnostic laparoscopy prior to resection[5,6]. Dedicated,
liver-protocol, contrast-enhanced imaging is needed to assess resectability. In general,
a technically safe hepatic resection requires a future liver remnant (FLR) defined as at
least two contiguous liver segments with intact arterial and portal venous inflow,
intact hepatic vein outflow and intact biliary drainage. In general, an FLR of at least
20% is necessary for patients with normal liver function. For patients undergoing
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neoadjuvant chemotherapy or those with significant steatosis, an FLR of at least 30% is
required. And for patients with underlying liver cirrhosis, an FLR of at least 40% is
required[7]. FLR is traditionally calculated by volumetric analysis using CT, MRI, or
Scintigraphy. Several strategies can be employed to improve the FLR, including
ligation of the feeding portal vessels or embolization[8,9].
Like most solid organ tumors, obtaining a margin negative (R0) resection is an
important oncologic goal and one of the few metrics potentially under control of the
surgeon. In a small series of 50 patients with locally advanced tumors by Lang et al[10],
the median survival after R0 resection was 46 mo vs 5 mo for R1 resection[10]. In a larger
series of 224 patients, Yeh et al[11] reported a median survival of 26.1 mo and 1-year, 3year, and 5-year OS of 78.5%, 43.3%, and 28.6%, respectively in patients who
underwent R0 resection vs a median survival of 11.4, and 1-year, 3-year, and 5-year OS
of 47.5%, 6.8%, and 4.5% for patients who had an R1 resection. The results are even
worse for R2 resection in which the median survival was 5.8 mo and 1-year, 3-year,
and 5-year OS was 24.0 %, 6.0%, and 0%, respectively[11]. These results have been
confirmed in larger studies and meta-analyses[12,13]. While an R0 resection margin
should clearly be the goal of surgery, the optimal margin width remains controversial
with some data suggesting a wider margin (≥ 10 mm) is associated with improved
outcomes[14-18]. Portal lymphadenectomy is also recommended as part of the surgical
approach to ICC. Lymphadenectomy is essential for accurate staging, determining
prognosis, and guiding the use of adjuvant therapies[19,20]. Removal of at least six
lymph nodes is recommended by the National Comprehensive Cancer Network[21],
although this is commonly not achieved[20]. Limited data support the use of minimally
invasive approaches at experienced centers and the use of vascular resection, when
indicated, in order to achieve negative margins.

Adjuvant therapy
Even among patients who undergo a complete macro- and microscopic margin
negative resection, patients can still experience a high incidence of recurrence. Indeed,
ICC is an aggressive malignancy, and overall survival remains poor[22]. For this reason,
there has been a longstanding interest in the development of effective adjuvant
therapies to reduce cancer recurrence. Fortunately, several recent prospective trials
have provided new data on this controversial issue. The French PRODIGE
12–ACCORD 18 Trial was a phase III randomized trial that randomized patients to
adjuvant chemotherapy (Gemcitabine/Oxaliplatin, GEMOX) vs observation following
R0 or R1 resection of BTCs (43% ICC). The investigators reported no difference in
overall survival or relapse-free survival[23]. The BILCAP trial randomized patients with
resected ICC to capecitabine or observation following an R0/R1 resection. In this trial,
19% of the patients had ICC, 38% of whom had R1 resection, and 47% had nodal
metastases. Patients who received adjuvant capecitabine experienced improved
median overall survival (51.1 mo vs 36.4 mo)[24]. The ACTICCA-1 trial[25] and
JCOG1202[26] are currently ongoing. Adjuvant radiotherapy and transarterial
chemoembolization (TACE) have also been investigated, but the data are still
lacking[27-31]. Based on these data, current guidelines recommend the use of adjuvant
capecitabine following resection of any BTC, including ICC.

Metastatic disease
Unfortunately, most patients with ICC present with metastatic disease as many will
not develop symptoms until an advanced stage. As surgical resection is not
appropriate in the setting of metastatic disease, treatment goals focus on improving
local control, treating symptoms, and extending survival. To that end, various
systematic chemotherapy regimens and liver-directed therapies have been tried with
varying success[32]. The ABC-02 trial was a prospective randomized trial of 410 patients
with locally advanced or metastatic BTCs (intrahepatic or extrahepatic
cholangiocarcinoma, gallbladder cancer, or ampullary carcinoma) who were
randomized to cisplatin plus gemcitabine (Gem-Cis) or gemcitabine alone. Patients
treated with Gem-Cis had significantly better overall survival and progression-free
survival, establishing this doublet regimen as the standard chemotherapy for
advanced BTC[33]. Recent trials have explored triplet gemcitabine-cisplatin-nabpaclitaxel, although further data are needed[34]. Several mutations in IL-6, ErbB2, K-ras,
BRAF, and COX-2, p53, P16, cyclin D1, and DNA repair enzymes have all been linked
to ICC and provide a basis for targeted therapies. Most of the morbidity and mortality
among patients with metastatic ICC is due to liver disease and liver failure. Therefore,
the selective use of liver-directed therapies, even in the presence of metastatic disease,
may improve local disease control, health related quality of life, and potentially overall
survival[35].
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RATIONALE FOR NEOADJUVANT THERAPY
While the use of NT has been increasing in other common cancers, its use in ICC
remains relatively rare[36-39]. Thus, a sound rationale for the use of NT in BTCs is
necessary as empirical data accrue (Table 1). As previously detailed, only a minority of
patients presenting with ICC are eligible for resection; fewer patients successfully
undergo an R0 resection. Yet the ability to achieve margin-negative resection is a
primary determinant of long term survival outcomes[11,12,40,41]. Therefore, a major
impetus for pursuing NT is the potential to downstage locally advanced cancers and
convert to resectable disease (Figure 1). Thus, NT given for this purpose is commonly
referred to as downstaging or conversion therapy[42].
A second major motivation for the use of NT is to ensure its early and nearuniversal use. While current guidelines recommend the use of adjuvant therapy for
essentially all patients with resected ICC, a significant proportion of patients are
unable to initiate and/or complete adjuvant therapy due to postoperative
complications or poor performance status following major liver surgery. For example,
in a retrospective series of 72 patients who underwent resection for ICC, only 35% of
the patients received chemotherapy[43].
Not only does the delivery of systemic therapies prior to surgery ensure receipt is
not prevented by postoperative complications, it also prioritizes the use of systemic
therapies for an aggressive cancer with a strong tendency for systemic recurrence. For
example, a recent multi-institutional review of patients with resected ICC reported
that approximately 22% of patients experienced very early recurrence (defined as
within six months of surgery), which ultimately led to poor survival outcomes[43]. It is
likely that micrometastatic disease was present in these patients at the time of surgery
and early systemic therapy may have been beneficial. Similarly, the use of NT also
facilitates the appropriate selection of patients for a major surgery by ensuring that the
rapid progression of metastatic disease does not occur while on systemic therapy.
Recent prediction models may be useful in determining which patients with ICC may
be best suited for NT[44,45]. Finally, given the genomic, phenotypic, and clinical
heterogeneity of patients with ICC, monitoring the response to NT radiographically,
biochemically, and histopathologically provides important prognostic and therapeutic
information. This in vivo test will only become more important with the development
of more effective targeted therapies in the era of personalized medicine.

EVIDENCE FOR NEOADJUVANT THERAPY IN ICC
Systemic chemotherapy
There have been no prospective randomized trials evaluating the benefit of
neoadjuvant chemotherapy among patients with BTC, including ICC. However, there
are some case reports, single-institution studies, and some retrospective data to
suggest its benefit (Table 2). Chemotherapy regimens often use a combination of GemCis, based on data extracted from the ABC-02 trial[33]. In some early studies of patients
with locally advanced and unresectable tumors receiving Gem-Cis, 36.4% (8/22) in
one study[46] and 25.6% (10/39) in another study[47] were able to be appropriately
downsized and undergo resection. In a large single-center study of 186 patients with
locally advanced ICC, 39/74 (53%) of patients who received NT were able to undergo
resection[48]. In a large meta-analysis of 18 studies and 1,880 patients, including eight
studies with chemotherapy. Patients who underwent resection following downstaging
had significantly longer median survival compared with patients who did not (29 mo
vs 12 mo, P < 0.001)[49]. In another systematic review of 132 patients, 27 patients (20.5%)
were downstaged to surgical resection candidates[42]. In sum, these data support the
use of systemic therapy among patients with locally advanced ICC as an attempt to
downstage tumors to become resectable since achieving resection following
conversion therapy is associated with improved long-term survival.
While the use of NT in locally advanced disease is indicated, the routine use of
systemic therapy prior to surgery for patients with resectable disease is not well
established. Yadav et al[50] evaluated the National Cancer Database and performed a
propensity-matched comparison of patients who received NT prior to surgical
resection to individuals receiving surgery and adjuvant therapy. Acknowledging the
limitations in this type of retrospective review, patients who received NT before
surgery experienced improved OS (median OS: 40.3 mo vs 32.8 mo; P = 0.01)[51].
However, in a multi-institutional study of 62 patients who received NT (44%
chemotherapy, 29% transarterial therapy) prior to curative-intent resection for ICC, a
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Table 1 Rationale for the use of neoadjuvant therapy in intrahepatic cholangiocarcinoma
Rationale for the use of neoadjuvant therapy in ICC
1

Downstaging of locally advanced tumors

2

Improve margin-negative resection rate

3

Increase receipt of systemic therapy given challenges in delivering postoperative chemotherapy

4

Prioritize the early systemic treatment of potential micrometastatic disease

5

Enhance patient selection for major surgery

6

Facilitate an in vivo test of chemotherapy’s effectiveness

ICC: Intrahepatic cholangiocarcinoma.

Table 2 Select studies on neoadjuvant systemic chemotherapy for intrahepatic cholangiocarcinoma
Ref.

Study type

Intervention

Sample size

Conversion to
resection

Tumor response

Kato et al[46], 2013

Retrospective

Gemcitabine

22

8 (37%)

3 PR, 11 SD, 8 PD

Kato et al[47], 2015

Retrospective

Gemcitabine plus cisplatin

39

10 (26%)

9PR, 21 SD, 9 PD

Rayar et al[71], 2017

Retrospective

Gemcitabine and/or platinums; Y90 TARE

45

10 (22%)

NR

Konstantinidis et al[79],
2017

Retrospective

Bevacizumab + FUDR HAI

104

8 (8%)

NR

Omichi et al[110], 2017

Retrospective

Gemcitabine based therapy

43

43 (100%)

NR

Le Roy et al[48], 2018

Retrospective

Gemcitabine plus oxaliplatin

74

39 (53%)

18 PR, 33 SD, 23 PD

Sumiyoshi et al[112], 2018

Retrospective

S-1 + IMRT

7

5 (71%)

4 PR, 1 SD, 2 PD

NR: Not reported; PR: Partial response; SD: Stable disease; PD: Disease progression; ICC: Intrahepatic cholangiocarcinoma; TARE: Transarterial
radioembolization; IMRT: Intensity-modulated radiation therapy.

comparison of propensity-score matched patients who underwent upfront surgery did
not find any significant difference in survival[51]. Clearly, more data are needed,
preferably through well-designed prospective clinical trials, in order to define the
indications for NT among patients with resectable ICC.

TACE
While TACE is routinely used for patients with HCC[52] and neuroendocrine liver
metastases[53], its appropriate use in ICC remains undefined. ICC is a hypovascular
tumor and thus less responsive to TACE[54,55]. However, since most of the morbidity
and mortality associated with ICC results from overwhelming liver disease and liver
failure, locoregional therapies such as TACE can be useful in controlling locally
advanced disease. As such, in patients with ICC, TACE is traditionally used for those
that are not eligible for surgery, as a palliative option, though it has been explored
with downstaging intent (Table 3)[56,57]. One of the early successes in the use of TACE as
a conversion therapy was reported by Burger et al[58] Seventeen patients with
unresectable ICC under conventional TACE using cisplatin, doxorubicin, and
mitomycin-C. Six of the patients had previously faced systemic therapy. TACE
resulted in 75% tumor necrosis in 8 patients and tumor downstaging in 3 patients. Two
of these patients were able to undergo surgical resection[58]. Herber et al[59] investigated
the role of TACE using mitomycin C in 15 patients with unresectable disease and
noted stable disease in 9 patients, partial response in 1, and tumor progression in 4
patients; no conversions to resection were reported[59]. Gusani et al[60] compared
patients who received combination systemic gemcitabine and TACE to gemcitabine
alone, and reported significant improvement in survival among patients who received
TACE (13.8 mo vs 6.3 mo, respectively; P = 0.0005)[60]. A large retrospective review of
198 patients with advanced ICC undergoing transarterial therapies reported a
complete or partial response in 25.5% of patients and stable disease in another 61.5%,
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Table 3 Select studies on neoadjuvant transarterial chemoembolization for intrahepatic cholangiocarcinoma
Ref.

Study type

Intervention

Sample
size

Conversion to
resection

Tumor
response

Burger et al[58],
2005

Retrospective

Cisplatin, doxorubicin, and mitomycin-C

17

2 (12%)

NR

Herber et al[59],
2007

Retrospective

Mitomycin-C

15

BR

1 PR, 9 SD, 4PD

Gusani et al[60],
2008

Retrospective

Gemcitabine-based

42

NR

20 SD, 15 PD

Hyder et al[61],
2013

Retrospective – multiinstitutional

cTACE (64.7%), DEB-TACE (5.6%), bland
embolization (6.6%), or Y-90 (23.2%)

198

NR

56 PR, 77 SD, 29
PD

Vogl et al[62], 2012

Retrospective

Mit-C (20.9%), Gem. (7%), Mit-C +Gem (47%),
Gem+ Mit-C and Cisplatin (25.1%)

115

NR

10 PR, 66 SD, 39
PD

Alibertti et al[64],
2017

Retrospective

DEB-TACE and PEG-TACE

127

4 (4%)

19 PR, 101 SD, 7
PD

Schiffman
et al[65], 2011

Retrospective

EBIRI or DEB-DOX therapy

24

3 (13%)

1CR, 1PR, 13 SD,
3 PD

Kuhlmann
et al[66], 2012

Prospective

Irinotecan (iDEB-TACE), mitomycin-C (cTACE)

41

1 (4%)

2 PR, 12 SD, 19
PD

Poggi et al[67],
2009

Retrospective

DEB-TACE

9

3 (33%)

4 PR, 5 SD

NR: Not reported; PR: Partial response; SD: Stable disease; PD: Disease progression; ICC: Intrahepatic cholangiocarcinoma; DEB: Drug-eluting bead

suggesting a role for the use of TACE as neoadjuvant treatment (of note, 23.2% of the
patients received yttrium-90 radioembolization)[61]. In another large series by Vogl
et al[62], there was no difference in survival between different TACE regimens[62].
Drug-eluting bead chemoembolization (DEB-TACE) allows for the delivery of
highly concentrated doses of chemotherapy in addition to conventional
chemoembolization. The beads limit the systemic availability and systemic toxicities of
chemotherapy. In a retrospective study from Italy, 127 patients with advanced ICC
underwent DEB-TACE or polyethylene glycol drug-eluting microspheres (PEGTACE). Of the 109 patients treated with DEB-TACE, 7% had a partial response, 88%
had stable disease, and 5% had progressive disease. Four patients (3.8%) in the DEBTACE group were downsized and successfully underwent resection[63,64]. Multiple
studies have evaluated DEB-TACE for unresectable ICC[65-67]; in general, few
conversions to resectability have been reported.
Taken together, these findings suggest a potential role for TACE in the neoadjuvant
treatment of patients with locally advanced ICC. However, while radiographic
responses are observed, the majority of patients demonstrated stable disease, and
conversions to resectable disease are the exception. Future studies may consider
combination regimens that aim to enhance the response rate while
treating/preventing the risk of systemic disease.

Transarterial radioembolization/selective internal radiation therapy
Transarterial radioembolization with yttrium-90 (Y-90) is an alternative transarterial
therapy that is used in the management of locally advanced ICC and may downstage
patients to resectability (Table 4). In an early open-label trial of Y-90 for ICC, 24
patients with advanced and unresectable ICC were treated with Y-90. Of the 22
patients with follow-up imaging, 6 patients demonstrated a partial response, 15 had
stable disease, and 1 patient had progressive disease; 1 (4%) patient was downstaged
and underwent resection[68]. In 2013, Mouli et al[69] reported on a series of 60 patients
with ICC treated with Y-90 transarterial radioembolization (TARE). By EASL criteria,
33 patients had partial or complete response disease, and 12 patients showed stable
disease. In this cohort, 5 patients successfully underwent an R0 resection[69]. In 2015,
Al-Adra et al[70] performed a pooled analysis of several studies reporting on the use of
Y-90 for patients with unresectable ICC. In this pooled data of 73 patients, the partial
response rate following Y-90 treatment was 28%, and 54% had stable disease at 3 mo; 7
(10%) patients underwent surgical resection post TARE[70].
Rayar et al[71] combined Y-90 with systemic therapy as an option to downstage
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Table 4 Select studies on neoadjuvant transarterial radioembolization/selective internal radiation therapy for intrahepatic
cholangiocarcinoma
Ref.

Study type

Intervention

Sample size

Conversion to resection

Tumor response

Ibrahim et al[68], 2008

Prospective

Y-90

24

1 (4%)

6PR, 15 SD, 1PD

Mouli et al[69], 2013

Retrospective

Y-90

46

5 (11%)

11 PR, 33 SD, 1 PD

Rayar et al[71], 2015

Retrospective

Gemcitabine followed by Y-90

10

8 (80%)

NR

[72]

Retrospective

Y-90

25

1 (4%)

6 PR, 11 SD, 5 PD

, 2012

Prospective

Y-90

19

NR

2 PR, 13 SD, 4 PD

Prospective

Y-90

33

NR

12 PR, 17 SD, 5 PD

Riby et al[75], 2020

Retrospective

Y-90

19

19 (100%)

NR

Edeline et al[76], 2019

Phase II Trial

GemCis + Y-90

26

9 (22%)

NR

Saxena et al

, 2010

[73]

Rafi et al

[74]

Hoffman et al

, 2012

NR: Not reported; PR: Partial response; SD: Stable disease; PD: Disease progression; ICC: Intrahepatic cholangiocarcinoma.

Figure 1 Locally advanced intrahepatic cholangiocarcinoma. A and B: 48F with large, multifocal intrahepatic cholangiocarcinoma who received 5 cycles
of neoadjuvant gemcitabine/cisplatin; C and D: She experienced an excellent response and underwent extended left hepatectomy with pathology showing T2N0
moderately differentiated cholangiocarcinoma with negative margins.

unresectable ICC. Of the 45 patients treated with the combination regimen, ten were
downstaged to potentially resectable, and 8 (17.8%) patients underwent resection[71].
Other studies have reported similarly low conversion rates with neoadjuvant Y-90
treatment[72-74]. In a large retrospective single-institution study of 169 patients, Riby
et al[75] compared patients who underwent upfront resection to those who received
downstaging chemotherapy with or without selective internal radiation therapy (SIRT)
prior to surgical resection. Interestingly, patients with unresectable disease at
presentation who became resectable after downstaging had similar median overall
survival as patients with resectable disease who underwent upfront surgery (32.3 NT
vs 45.9 primary surgery, P = 0.54). In addition, patients who received SIRT as part of
their downstaging NT were more likely to undergo an R0 resection[75]. This approach
has recently been validated via the MISPHEC trial, which was a prospective, multi-
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institutional trial of 41 previously untreated patients with locally advanced ICC. The
patients received concomitant cisplatin and gemcitabine chemotherapy, followed by
TARE with Y-90 microspheres. The response rate was 39% by RECIST criteria and 93%
by Choi criteria. 9 patients (22%) were downstaged to resectable candidates, and 8
(20%) of them subsequently underwent an R0 resection. Additionally, subgroup
analysis showed that 30% of patients in the trial with disease involving only 1 hemiliver disease could be downstaged[76].
In summary, these findings suggest that while TARE provides good locoregional
control, however the low response rates, when used alone, limits its application as a
downstaging treatment for neoadjuvant intent. Recent studies combining TARE with
systemic therapy hold promise and should be the subject of future trials.

Hepatic artery infusion
Given the toxicities associated with systemic chemotherapy, hepatic artery infusion (
HAI) pumps were initially developed for the management of colorectal liver
metastases but, more recently, trialed in patients with ICC (Table 5). One of the earliest
experiences with HAI therapy in the management of ICC was performed by the
Memorial Sloan Kettering Cancer Center in a phase II trial. Twenty-six patients with
unresectable ICC were treated with HAI FUDR therapy. Fourteen patients (53.8%)
experienced a partial response, 11 (42.3%) had stable disease, and 1 patient (3.8%) had
disease progression[77]. In a follow-up study, the authors added systemic bevacizumab
to HAI therapy which resulted in worsened toxicity without improved outcomes[78]. In
2015, Konstantinidis et al[79] reported on large series of 167 patients with
advanced/unresectable, 104 of whom had disease confined to the liver, and 63 had
regional nodal disease. Patients had either received HAI or HAI plus systemic therapy.
Although there was no significant difference in tumor response by RECIST criteria,
patients who received HAI plus systemic chemotherapy had better overall survival
(30.8 mo) compared with patients who received systemic therapy alone (18.4 mo)[79].
Eight patients from the cohort (4 from each group) underwent resection with curative
intent. Despite the low rate of conversion, the results remain promising. In another
smaller series reported by Massani et al[80], 11 patients with unresectable disease
underwent HAI therapy with fluorouracil and oxaliplatin, 5 patients had a partial
response of whom 3 underwent resection. 2 of these patients had more than 70%
tumor necrosis on pathology[80].
In summary, HAI therapy may induce higher response rates for ICC, especially
when combined with systemic chemotherapy. However, conversion rates remain low,
and, unlike other transarterial therapies, HAI therapy requires surgical placement of
an implanted pump, which carries morbidity and delays the use of systemic therapy.
In addition, data supporting its use are largely retrospective and have not been
studied among patients undergoing true neoadjuvant intent. Future multi-institutional
trials are needed to validate this approach and compare it to other approaches.

FUTURE DIRECTIONS
Targeted therapies
The prognosis of patients with locally advanced, recurrent and/or metastatic ICC
remains poor even with contemporary systemic therapy. As such, there is great
interest in the development of novel targeted therapies[81]. Next-generation sequencing
of patients with advanced and refractory tumors have led to an improved
understanding of the genetic changes driving cholangiocarcinogenesis. For example,
mutations in KRAS have been identified and are an independent predictor of worse
survival after hepatectomy[82]. Mutations in BRAF[83], EGFR[84], PI3K[85], and TP53[86] have
also been reported with varying percentages. In addition, there are novel antitumor
therapies directed at the fibroblast growth factor receptor 2 fusion protein (FGFR)[87,88],
isocitrate dehydrogenase-1 (IDH1), and IDH2[89], BAP1[90], BRAF V600[91], and Her2/neu
mutations[82]. Immunotherapies, including anti-PDL1 and anti-CTLA-4 inhibitors have
been trialed inBTCs as well including ICC. About 10% of ICC lack mismatch repair
mechanisms and as such are good targets in immunotherapy[92,93]. In the Phase II
KEYNOTE-158 Study, 41% of patients with cholangiocarcinoma had an objective
response[94]. While most of these targeted therapies are currently being investigated in
patients with advanced disease and early phase trials, these therapies hold great
potential for use in the neoadjuvant and perioperative setting.

WJH

https://www.wjgnet.com

700

October 27, 2020

Volume 12

Issue 10

Akateh C et al. Neoadjuvant treatment strategies for ICC

Table 5 Select studies on neoadjuvant hepatic artery infusion for intrahepatic cholangiocarcinoma
Ref.

Study type

Intervention

Sample size

Conversion to resection

Tumor response

, 2009

Phase II trial

HAI

26

1 (4%)

14 PR, 11 SD, 1PD

Kemeny et al[78], 2011

Phase II trail

HAI + bevacizumab

18

3 (17%)

7 PR, 11 SD

Konstantinidis et al[79], 2015

Retrospective

HAI + chemotherapy

93

8 (4%)

NR

[80]

, 2015

Retrospective

HAI

11

3 (27%)

5 PR, 2 SD,

[113]

, 2002

Retrospective

HAI

11

1 (9%)

7 PR, 2 SD, 2 PD

, 2008

Retrospective

HAI

20

NR

1CR, 9PR, 8 SD, 2PD

Retrospective

HAI

12

2 (17%)

8 PR, 3 SD, 1 PD

Jarnagin et al

[77]

Massani et al
Tanaka et al

[114]

Shitara et al

[115]

Ghiringhelli et al

, 2013

NR: Not reported; PR: Partial response; SD: Stable disease; PD: Disease progression; ICC: Intrahepatic cholangiocarcinoma; TACE: Transarterial
chemoembolization.

Liver transplantation
While liver transplantation (LT) is indicated in the treatment of HCC meeting Milan
criteria[95], the role of LT in the management of ICC remains controversial and, in
general, remains limited to specialized centers and for patients on clinical trials. A
challenge in interpreting the current literature is that most of the early studies
combined hilar cholangiocarcinoma and ICC, making the results difficult to interpret.
But even in those studies, transplant outcomes for ICC were generally very poor[96,97].
Interestingly, the standardization of transplantation protocols that include strict
inclusion criteria and NT regimens has led to increased transplant rates for hilar
cholangiocarcinoma[98-100]. Indeed, NT regimens for hilar cholangiocarcinoma are
incorporated into the preoperative protocol at most LT centers[101,102]. It is therefore
assumed that the development of effective programs for LT for ICC will similarly
require effective neoadjuvant therapies.
One of the earliest successful experiences was reported by Goss et al[103] In their
review of 127 patients who underwent LT for primary sclerosing cholangitis (PSC), ten
patients (8%) had incidental CCA on explant pathology. More importantly, they had
equivalent survival to those without ICC (100%, 83%, and 83% at 1, 2, and 5 years,
respectively)[103] A recent large multicenter trial by Sapisochin et al[104] found that
patients with tumors less than 2cm did not have any added risk of recurrence. 13
patients (8 TACE, 3 RFA and 2 PEI) received some neoadjuvant therapy. Preoperative
treatment had no association with outcomes[104]. A more recent larger experience with
pre-transplant regimens for ICC was reported by Lunsford et al[105] Patients with nonmetastatic locally advanced ICC were treated with a gemcitabine-based chemotherapy
regimen. After six months of radiographic response or stability, patients were listed
for transplantation. The median duration to transplantation was 26 mo. Overall
survival was 100% (95%CI: 100-100) at 1 year, 83.3% (27.3-97.5) at 3 years, and 83.3%
(27.3-97.5) at 5 years. Three patients developed recurrent disease at a median of 7.6 mo
(IQR 5.8-8.6) after transplantation, with 50% (95%CI: 11.1-80.4) recurrence-free survival
at 1, 3, and 5 years[105]. Rayar et al[71] reported on another case of an unresectable lesion
that was downstaged with multimodal therapy, including Y-90 TARE, systemic
chemotherapy, and external beam radiation. The patient was transplanted after several
months of disease stability. Although several barriers exist, these recent studies
highlight the potential for improved outcomes for patients with advanced ICC using
LT. Future research will require the design of effective multidisciplinary programs for
patients that incorporate NT protocols, not only to bridge patients while on the
waitlist, but also to ensure appropriate oncologic selection for transplantation.

Biomarkers
The design and validation of effective NT protocols also require the identification of
appropriate biomarkers to guide its use and gauge response to therapy. The discovery
of somatic mutations in ICC has led to renewed interest in the use of these as potential
prognostic and predictive biomarkers[106,107]. For example, KRAS mutations, one of the
most frequently seen mutations in ICC, is also associated with worse survival after
resection in some studies[83,108]. MUC-44 has been linked to poor outcomes in mass
forming ICC subtype[109]. The neutrophil-to-lymphocyte (N:L) ratio has equally been
associated with worse survival in ICC[110]. CEA and CA-19 have very wide-ranging
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sensitivities and specificities in ICC[111]. Recent studies have highlighted the ability of
machine learning to identify which patients with ICC may be best suited for NT[44,45].
Despite these recent advances, research on biomarkers for ICC is still lacking, and
future trials are needed.

Ongoing trials
While interest in neoadjuvant approaches in other gastrointestinal cancers continues to
drive new clinical trials, prospective trials of NT for ICC remain limited. An ongoing
trial (NCT03579771) evaluating the benefit of neoadjuvant gemcitabine, cisplatin, and
nab-paclitaxel is currently accruing. Another trial (NCT03867370) aims to investigate
the benefit of neoadjuvant Toripalimab (a PD-1/PD-L1 immune checkpoint inhibitor)
in patients with resectable HCC and ICC, although this study has not started accrual
yet.

CONCLUSION
In conclusion, a sound rationale for the use of NT exists in ICC, particularly among
patients with locally advanced disease. Given the importance of a margin-negative
resection on overall prognosis, NT with a downstaging intent should be given in these
patients. While numerous systemic and transarterial therapies have been reported in
limited series, strong evidence for the superiority of one approach over another is
lacking. Recent evidence has offered support for the use of combination strategies (
e.g., systemic therapy with TARE) in order to augment the response and increase the
proportion of patients downstaged to resectability. Future comparative effectiveness
studies are needed to evaluate the optimal neoadjuvant approach, and ongoing
research into targeted therapies for ICC may offer new opportunities for personalized
neoadjuvant treatment. Finally, while margin-positive resection rates and disease
recurrence is common even among patients with resectable disease, the evidence of
NT in this patient population is extremely limited. Thus, the role of routine NT in
patients with resectable ICC should be limited to patients with high-risk disease and
preferably as part of a clinical trial. In the meantime, oncologic surgery that includes a
margin-negative resection with formal lymphadenectomy followed by adjuvant
chemotherapy remains the recommended approach.
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Abstract
Metabolic syndrome (MS) is defined as the constellation of obesity, insulin
resistance, high serum triglycerides, low high-density lipoprotein cholesterol, and
high blood pressure. It increasingly affects more and more people and
progressively evolves into a serious issue with widespread healthcare, cost, and
quality of life associated consequences. MS is associated with increased morbidity
and mortality due to cardiovascular or chronic liver disease. Conservative
treatment, which includes diet, exercise, and antidiabetic agents, is the mainstay
of treatment, but depends on patient compliance to medical treatment and
adherence to lifestyle modification recommendations. Bariatric surgery has
recently emerged as an appropriate alternative treatment with promising longterm results. Sleeve gastrectomy and Roux-en-Y gastric bypass constitute the most
commonly performed procedures and have been proven both cost-effective and
safe with low complication rates. Liver transplantation is the only definitive
treatment for end-stage liver disease and its utilization in patients with nonalcoholic steatohepatitis has increased more than fivefold over the past 15 years.
In this review, we summarize current state of evidence on the surgical treatment
of MS.
Key Words: Metabolic syndrome; Bariatric surgery; Sleeve gastrectomy; Gastric bypass;
Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Liver transplantation
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Core Tip: Metabolic syndrome (MS) is increasingly common in developed countries,
and is associated with cardiovascular disease, hyperlipidemia, and non-alcoholic
steatohepatitis. Diet, exercise, and weight loss are the milestones of conservative
management. Bariatric surgery has emerged as a promising treatment in severely obese
patients or in patients with MS resistant to conservative measures. Sleeve gastrectomy
and Roux-en-Y gastric bypass are the most commonly performed bariatric procedures.
The only definitive treatment in patients with MS and end-stage liver disease
secondary to non-alcoholic steatohepatitis is liver transplantation (LT). The optimal
timing for bariatric surgery, when required along with LT, has yet to be determined.
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INTRODUCTION
Metabolic syndrome (MS), also known as syndrome X, is a complex entity consisting
of insulin resistance, obesity, hypertriglyceridemia, increased waist circumference and
hypertension[1,2]. According to National Heart, Lung and Blood Institute, at least three
of the following metabolic risk factors should be met to establish the diagnosis of MS:
(1) Obesity (waist circumference ≥ 102 cm for men and ≥ 88 cm for women); (2)
Triglycerides ≥ 150 mg/dL; (3) High-density lipoprotein (HDL) cholesterol < 40
mg/dL for men and < 50 mg/dL for women; (4) Systolic blood pressure ≥ 130 mmHg
and/or diastolic ≥ 85 mmHg; and (5) Fasting serum glucose ≥ 100 mg/dL[2-4]. The
incidence of MS, following the patterns of obesity and type 2 diabetes mellitus
(T2DM), is approximately 30% in the adult population in the United States[1,5,6]. Data
suggest that even populations with relatively lower body mass index (BMI), such as
Asian Americans, can be affected by MS[7]. The prevalence of MS has significantly
increased over the last decades, with less physically active and older individuals being
increasingly affected[6]. It is quite evident that MS evolves into a global epidemic health
problem that mandates timely and effective action[1,8]. Therefore, we sought to review
the complications associated with MS with a particular focus on diseases of the liver,
as well as the available treatment options focusing mostly on bariatric and liver
surgery.

COMPLICATIONS ASSOCIATED WITH MS
MS has been associated with an increased risk of cardiovascular morbidity and
mortality, and has been identified as an independent predictor of nonfatal stroke,
ischemic heart disease, and cardiovascular death[9]. Wilson et al[10], in a prospective
study of 3323 adults followed over 8-years, reported an increased incidence of
cardiovascular disease in patients who developed MS, while 30% of all myocardial
infarctions and coronary heart disease deaths in men and 16% in women could be
attributed to MS.
MS can also lead to insulin resistance, and consequently T2DM. The mean weight,
BMI, and prevalence of obesity in the United States population have increased
significantly from 1960 to 2000[11]. The prevalence of T2DM has also increased from
1.8% to 5.8% over the same period, due to the increased prevalence of obesity, as well
as due to the increased detection and awareness in previously undiagnosed
patients[11]. In addition to obesity, other factors play a key role in the rising T2DM
trend, such as the lack of physical activity, dietary changes, and other environmental
factors[8,11].
Moreover, MS may affect the liver resulting in a wide spectrum of clinical
conditions ranging from non-alcoholic fatty liver disease (NAFLD) and non-alcoholic
steatohepatitis (NASH) to cirrhosis and, eventually, hepatocellular carcinoma (HCC).
NAFLD is the most common cause of chronic liver disease in western countries[12,13],
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and is defined as ≥ 5% fatty permeation of the liver parenchyma in the absence of an
alcohol abuse history[12]. It occurs in up to one-third of the general population[14], and in
up to 80% of patients with MS[15]. Risk factors predisposing to NAFLD include older
age (> 50 years), hypertriglyceridemia, insulin resistance, and central obesity[13,16]. Liver
steatosis is considered to be one of the earliest signs of MS[17], and early diagnosis and
management are warranted to prevent the occurrence of irreversible histopathologic
changes of the liver parenchyma[15], which can lead to NASH, cirrhosis, and HCC[12,14].
Notably, Ekstedt et al[18] reported three out of 129 (2.3%) recruited NAFLD patients
developed HCC. Data suggest that the excessive fat stored in the hepatocytes
promotes the release of pro-inflammatory cytokines, such as tumor necrosis factor,
which stimulate pro-oncogenic pathways, including the nuclear factor kappa-lightchain-enhancer of activated B cells and the c-Jun N-terminal kinase pathways[19].
Additionally, it has been shown that the loss of function of several tumor suppressor
genes is involved in this process[12]. The definitive pathophysiologic mechanisms
predisposing to the development of HCC in patients with NAFLD have yet to be
elucidated.

CONSERVATIVE MANAGEMENT
According to the current state of evidence, the cornerstone of MS management consists
of lifestyle changes, such as restricted consumption of calories combined, regular
exercise, and weight loss[20]. Previous studies have shown promising results with
pioglitazone, metformin and vitamin E for the management of NASH[20,21]. Recently,
obeticholic acid was found to be effective in the FLINT and REGENERATE trials and
is expected to become the first FDA approved drug for the treatment of NASH[22-26].
Amphetamine derivatives, such as phentermine and desoxyephedrine, as well as
statins have been occasionally utilized and showed promising results against
NASH[27,28]. The addition of liraglutide to lifestyle changes has demonstrated better
results than lifestyle changes alone[29]. Finally, vitamin D and zinc sulfate seem to be
beneficial in children with MS[30,31].
Nevertheless, the overall impact of lifestyle changes in MS and NASH highly
depends on patient compliance, while conservative treatment is mostly effective in
limiting the progression of obesity[32]. Despite the progress in pharmacologic treatment,
non-surgical treatment is not always adequate to yield fruitful outcomes in obese
patients (BMI > 30).

SURGICAL MANAGEMENT
Bariatric surgery can result in significant weight loss, and potentially complete
resolution of MS. In addition, operative MS management results in reduced rates of
hypertension, cardiovascular risk, and plasma lipids, while it may also lead to
improvements in glucose tolerance[27]. In addition, surgery has a significant advantage
over conservative methods in lowering the level of hemoglobin A1c (HbA1c) in T2DM
patients[33]. Regarding its latter effect, bariatric surgery may even result in the complete
remission of T2DM[34-36]. In fact, the duration of T2DM and preoperative serum Cpeptide levels have been identified as predictive factors of postoperative benefit in
glucose tolerance[37,38]. Recent recommendations suggest lifelong supplementation after
all bariatric surgeries[39]. The loss of weight after bariatric surgery is also beneficial for
patients with NAFLD and NASH, considering that a loss of ≥ 10% of body weight
might facilitate a significant decrease in liver fibrosis[40].
Bariatric surgical management was historically classified into restrictive and
malabsorptive procedures. Restrictive procedures aim to decrease the amount of
ingested food through a modification of the stomach capacity, while malabsorptive
procedures aim to remove or bypass part of the small intestine thus leading to a
decrease in gastrointestinal absorptive surface. In general, malabsorptive procedures
are more beneficial in terms of lipid parameters than restrictive procedures[41]. Usually,
both types of procedures are utilized in the management of MS. However, recent data
suggest that factors other than restriction or malabsorption mediate the benefits of
bariatric surgeries. For instance, gut hormones and enteroplasticity have been proven
to play also an important role in terms of weight loss[42], while alteration of the
intestinal microbiome, gut hormone production, neural signaling, hepatic and
pancreatic function, and gastrointestinal nutrient-sensing affect the glucose
homeostasis and insulin sensitivity[43]. Bariatric procedures are most commonly
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performed laparoscopically (96%) and include the following: Roux-en-Y gastric bypass
(RYGB), sleeve gastrectomy (SG), biliopancreatic diversion (BPD) with duodenal
switch, and placement of laparoscopic adjustable gastric band (LAGB)[44].

RYGB
RYGB involves the formation of a 50-mL gastric pouch, as well as an antecolic Rouxen-Y gastrojejunostomy. Immediate effects of RYGB include the restricted intake of
calories, the rapid entry of nutrients into the small intestine, and the increased nutrient
and bile delivery to the distal small intestine, while it concurrently excludes the
proximal intestine from nutrients[43]. RYGB can lead to significant mean weight loss
(from 136.9 kg to 100.6 kg) and decrease in BMI (from 45.5 kg/m² down to 33.3 kg/m²)
at 4 years postoperatively[38]. MS resolution during the first postoperative year can
occur in up to 75.8% of the patients[45], while a beneficial effect on blood pressure can
be seen in up to 65% of MS patients[45]. Similar effects have been observed in other
parameters associated with MS, including fasting lipids and glucose metabolism. In
T2DM patients with a mean HbA1c level of 8.6%, the 1-year postoperative remission of
T2DM after RYGB has been reported to be as high as 73.5%[40]. However, data suggest
that during the 5-year postoperative period, the observed T2DM benefits may abate,
mostly due to the insufficient amount of pancreatic beta cells reservoir in some
patients[33]. Similarly, the beneficial effects on hyperlipidemia and hypertension are
greater during the first 2 years after surgery, while these conditions may reemerge at
10 years post-procedure[46]. This finding signifies the potential importance of lifelong
treatment with antihypertensive and lipid-lowering medications.
RYGB is considered a safe and effective therapeutic modality with low rates of
postoperative complications, such as anastomotic leakage (0.63%), hemorrhage
(0.52%), and bowel obstruction (0.4%)[38,47]. A common type of hernia observed after
RYGB is Petersen’s hernia, which is characterized by the herniation of a small bowel
helix through the mesenteric gap created during the operation[48]. A recent metaanalysis revealed that this complication can be prevented with routine mesenteric gap
closure after laparoscopic RYGB, with similar results in terms of other complication
rates or weight loss[49]. Other postoperative complications include vitamin B1, vitamin
B12, iron and calcium deficiency, as well as peptic ulcer disease[50]. Moreover, the need
for reoperation or endoscopic intervention (anastomotic leak, infection, internal hernia,
small bowel obstruction, insufficient weight loss) in patients undergoing RYGB is up
to 22.1%[51]. Additional complications that may affect the quality of life include
postprandial dumping syndrome, hypoglycemia, calcium oxalate nephrolithiasis and
chronic kidney disease[52-54]. The 5-year postoperative mortality rate is around 3%[55].

SG
SG is mainly a procedure that results in caloric restriction, rapid entry of nutrients in
the small intestine, and enhanced nutrient and bile delivery to the distal jejunum and
ileum[43]. SG involves resection of approximately 80% of the stomach. SG is the most
widely applied surgical procedure in the management of MS worldwide and results in
improvement of all MS constituents, except for hypertriglyceridemia[47].
Although both RYGB and SG can lead to weight loss and decrease in BMI, these
effects are less pronounced with SG. In a meta-analysis, comparison of RYGB and SG
demonstrated significantly higher percentage excess weight loss in RYGB patients
(65.7% vs 57.3%, P < 0.0001)[52]. Despite being a simple procedure, SG offers significant
benefits, including improved glycemic control, weight loss, improved insulin
sensitivity, and decreased need for hypoglycemic agents, in patients with MS,
diabetes, and obesity. Postoperatively, most insulin-dependent patients tend to reduce
or even stop taking their insulin dose, and their management can be changed to oral
hypoglycemic agents only[56-58]. At 6 mo after surgery, up to 84% of diabetic patients
present with resolution or remission of T2DM[59]. However, 30% to 50% of patients
exhibit recurrence of diabetes in the long-term[60]. The effectiveness of SG in lowering
glucose levels might be associated to the fact that fasting glucagon-like peptide 1, an
incretin that promotes glucose homeostasis through insulin secretion, increases
significantly after SG[61]. Significant improvements after SG have also been reported in
terms of HDL cholesterol levels and hypertension[57]. In addition, when compared to
RYGB, SG does not increase the risk of nephrolithiasis and chronic kidney disease[53,62].
SG is considered to be safer than RYGB, but both share the same spectrum of
postprocedural complications except for the nutritional deficiencies, which are
typically seen in lower rates after SG compared to RYGB. However, SG patients may
present with postoperative iron, vitamin B12, and vitamin D deficiencies and ongoing
monitoring with supplementation is necessary[63,64]. Reflux esophagitis is a relatively
common complication after SG, while it is also deemed to be a contraindication for
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SG[52]. In the long-term, a small percentage of patients may require a supplementary
endoscopic or surgical intervention[65], while some patients complain of nausea and
vomiting after excess food intake[50]. In extremely obese patients (BMI > 60 kg/m²), the
rate of postoperative complications appears to be high and comparable to the rate of
other bariatric procedures[52].

BPD with duodenal switch
BPD with duodenal switch resembles RYGB, both in terms of procedure and
mechanisms that mediate the effect on glucose homeostasis and weight loss. BPD is
the most effective procedure in terms of weight loss, but requires higher levels of
expertise and surgical skill and is considered as the least safe bariatric procedure. BPD
can be effective in extremely obese patients (BMI > 60 kg/m²) or in patients with MS
resistant to other modalities, since it provides very strong metabolic effects and
durable 35%-45% weight loss[66]. BPD with duodenal switch constitutes only 1.5% of all
bariatric procedures performed worldwide[67].
Postoperatively almost 90% of BPD patients achieve normal HDL cholesterol
levels[68], while fasting serum glucose levels may remain normal for up to ten years[69].
Serum total cholesterol and triglycerides levels commonly normalize too, while
complete resolution of hypertension has also been documented with three-fourths of
the patients presenting with normal blood pressure values at ten years
postoperatively[69]. An up to 70% weight loss may also be achieved and it may be
preserved for more than ten years[70].
Immediate postoperative complications include wound infection, anastomotic leak,
and bowel obstruction[70]. Extensive small bowel resection can result in severe
malabsorptive complications, such as anemia, nutritional deficiencies,
hypoproteinemia, and bone demineralization[47,70]. BPD patients will require strict
lifelong nutritional supplementation, including supplementation of lipid soluble
vitamins, since they commonly exhibit vitamin A, D, E, and K deficiency[52,71]. Similarly
to RYGB, patients undergoing BPD are at increased risk of nephrolithiasis[53,62].

LAGB placement
LAGB procedure involves the placement of an inflatable silicone device over the cardia
of the stomach, which results in the formation of a small gastric pouch. This device
includes a subcutaneous port to adjust the gastric band and the width of the gastric
pouch[72]. LAGB can result in sufficient weight loss, while the reduction in BMI can be
as high as 6.56 kg/m² in only 1 mo after the operation[48]. One significant advantage of
LAGB placement over the other bariatric procedures is that the LAGB placement does
not induce renal damage nor promotes renal stone formation[72,73]. In fact, urinary
oxalate excretion was reported to be lower after LAGB placement than after RYGB,
and similar to that of normal controls[74].
Nevertheless, this technique is infrequently used mostly due to complications,
including erosion, infection, band slippage, esophagitis, esophageal dilation, and port
dysfunction[50]. LAGB placement may be technically easier than the other bariatric
operations, but it has been associated with a higher reoperation rate[15] with
approximately 20% of the patients requiring a reoperation at 4.5 years
postoperatively[72,75]. In addition, although LAGB placement can achieve a significant
loss of weight, the results are inferior to those seen with either SG[35] or RYGB[50]. Other
aspects of MS are less improved, and these findings are to a certain extent attributed to
the unchanged postoperative plasma ghrelin levels[40]. Last but not least, LAGB
placement has not been deemed effective in the management of NASH[15].

Comparison of bariatric procedures
Despite the large number of patients in need of bariatric surgery, no official guidance
on patient allocation to the various treatment modalities has been published to date.
There is a growing body of evidence that the several bariatric procedures could be
ranked in ascending order based on their effectiveness (weight loss percentage and
duration of weight loss maintenance) as follows: (1) LAGB placement; (2) SG; and (3)
RYGB, and (4) BPD with duodenal switch[67]. Despite its increased effectiveness, BPD
with duodenal switch has been associated with high rates of postoperative
complications, while all bariatric procedures require varying lifelong supplementation
due to nutritional deficiencies. In general, higher rates of morbidity and mortality have
been observed in bariatric patients with comorbidities associated with MS, especially
in the first 30 d after surgery[76]. These data render BPD suitable only for extremely
obese patients, when RYGB and SG are thought of as inadequate or for patients
suffering from less severe MS-related conditions. The use of LAGB placement has been
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decreasing in western countries, since SG and RYGB can achieve superior rates of MS
resolution with much lower morbidity rates, and a decreased need for postoperative
monitoring. As previously mentioned, SG is currently the most frequently performed
bariatric procedure worldwide.

The role of bariatric surgery in NAFLD/NASH
Although recommendations from the American Association for the Study of Liver
Diseases[77] advocate for the use of vitamin E (in non-diabetics) and pioglitazone for
NASH, caution is warranted with these agents due to their long-term risk of prostate
and bladder cancer development, respectively[78,79]. Although nonsurgical weight loss
can effectively improve all histological features of NASH and NAFLD (including
fibrosis), most patients had early-stage fibrosis[80]. Therefore, other options including
bariatric operations have been explored for the management of NASH and NAFLD. In
fact, NAFLD at all stages is more common in those who meet criteria for bariatric
surgery, which can indeed lead to sustained weight loss[77]. The most commonly used
system for the assessment of necro-inflammatory lesions in NAFLD is the NAFLD
Activity Score (NAS) from the NASH Clinical Research Network, which is comprised
of 4 semi-quantitatively assessed histology features [steatosis (0-3), lobular
inflammation (0-2), hepatocellular ballooning (0-2), and fibrosis (0-4)] and 9 histologic
features recorded as either present or absent[81].
A recent prospective study demonstrated the bariatric surgery, namely oneanastomosis gastric bypass, led to a significant decrease in the grades of fatty
infiltration, cell ballooning, lobular inflammatory changes and total NAS at 15 mo
postoperatively[82]. More specifically, the histological features of NASH disappeared in
41.7% of NASH cases and in 50.0% of borderline NASH cases[82]. Another recently
published prospective study supports these findings by demonstrating histological
resolution of NASH with no worsening of fibrosis in 84.4% of the patients[83]. There is a
growing body of evidence suggesting that the vast majority of patients with NAFLD
and NASH will experience improvements in histology after any type of bariatric
surgery (Table 1). On the other hand, compared to those without cirrhosis (0.3%),
caution is warranted when recommending bariatric surgery for patients with
compensated or decompensated cirrhosis due to the higher mortality rates (0.9% and
16.3%, respectively[84]. In a systematic review summarizing the outcomes of bariatric
surgery in 122 cirrhotics (96.5% Child-Pugh A, and 3.4% Child-Pugh B), early and late
mortality were found to be 1.6% and 2.45%, respectively[85].
The American Association for the Study of Liver Diseases recommends considering
bariatric surgery in otherwise eligible obese NAFLD or NASH patients[77]. However,
the current state of evidence does not allow us to deduce meaningful conclusions
whether bariatric surgery can be used for the management of NASH specifically, but
experienced bariatric surgeons can offer this option in eligible patients with
compensated NASH on a case-by-case basis[77].

Liver transplantation and bariatric surgery
A significant percentage of patients may eventually require both bariatric surgery and
liver transplantation (LT) for MS-related liver conditions; however, the sequence and
appropriate interval between bariatric surgery and LT are still under investigation.
The typical approach includes bariatric surgery one year prior to LT[86]. The main
advantage of this approach is that the bariatric procedure can act as a “bridge” for
patients to reach the predetermined BMI requirement for LT. Besides, data suggest
that LT may result in a 5 kg weight gain at one year and a 10 kg weight gain at three
years post-LT[72]. Theoretically, this approach would improve the LT outcomes and
would result in fewer postoperative complications, less final weight, and lower graft
rejection rates. On the other hand, serious adverse events associated with the bariatric
operation, such as portal hypertension[86], anastomotic leakage, wound infection,
bleeding, and kidney injury[87] could possibly complicate the subsequent LT. It has also
been shown that patients with non-compensated cirrhosis have an increased mortality
rate after bariatric surgery (16.3%), in contrast to patients with compensated cirrhosis
or patients without liver disease (< 1%)[84]. Severe hepatic dysfunction has also been
noted as a complication after RYGB[88]. Therefore, this likelihood for an increased
mortality in cirrhotic patients, renders this “bridging” strategy questionable[84,88-90].
Recently, the “simultaneous” approach for LT and bariatric surgery has emerged as
an alternative to the “bridging” approach[86,91]. The bariatric procedure most commonly
performed along with LT is SG, because it does not involve manipulations around the
biliary tract, while malabsorption is also not typically seen after SG[92]. This approach
may lead to decreased length of hospital stay, postoperative pain, cost, and stress[44].
Postoperative complications of SG during LT include the leak from gastric staple line,
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Table 1 Bariatric surgery studies with histological assessment of liver biopsy
Hepatocyte
Inflammation1

Fibrosis1

NAS1

Deterioration2

Follow-up
(mo)

Yes

Yes

Yes

Yes

Yes

60

Yes

Yes

Yes

Yes

Yes

No

15

SG

Yes

Yes

Yes

Yes

Yes

Yes

18

71

SG

Yes

NA

NA

Yes

Yes

Yes

30

R

28

SG

Yes

Yes

Yes

Yes

Yes

No

24

United States

P

20

IGB

Yes

Yes

Yes

No

Yes

Yes

6

2018

India

P

32

RYGB, LAGB, SG

Yes

Yes

Yes

Yes

NA

Yes

12

Manco

2017

Italy

P

20

SG

Yes

Yes

Yes

Yes

Yes

No

12

27405478

Aldoheyan

2017

Saudi Arabia

P

27

SG

Yes

Yes

Yes

Yes

Yes

No

3

26077701

Froylich

2016

United States

R

25

RYGB, SG

Yes

Yes

Yes

Yes

Yes

Yes

18

27594839

Schneck

2016

France

P

9

RYGB

Yes

Yes

Yes

Yes

Yes

Yes

55

25537957

Taitano

2015

United States

R

160

RYGB, LAGB

Yes

NA

Yes

Yes

NA

Yes

31

26003897

Praveen Raj

2015

India

P

30

RYGB, SG

Yes

Yes

Yes

Yes

Yes

No

6

25917783

Lassailly

2015

France

P

30

RYGB, LAGB, BPD,
SG

Yes

Yes

Yes

Yes

Yes

No

12

25379859

Caiazzo

2014

France

P

413

RYGB, LAGB

Yes

NA

Yes

Yes

Yes

NA

60

22161114

Tai

2012

Taiwan

P

21

RYGB

Yes

Yes

Yes

Yes

Yes

Yes

12

23355916

Vargas

2012

Spain

P

26

RYGB

Yes

Yes

Yes

Yes

Yes

No

16

22108808

Moretto

2012

Brazil

R

78

OAGB

Yes

Yes

Yes

Yes

NA

Yes

NA

20460923

Weiner

2010

Germany

R

116

RYGB, LAGB, BPD

Yes

NA

Yes

Yes

NA

No

19.4

19409898

Mathurin

2009

France

P

211

RYGB, LAGB, BPD

Yes

Yes

No

No

Yes

Yes

60

17376042

Furuya

2007

Brazil

P

18

RYGB

Yes

Yes

Yes

Yes

Yes

No

24

16076987

Clark

2005

United States

R

16

RYGB

Yes

Yes

Yes

Yes

Yes

No

10.2

PMID

First author

Year

Country

Study design Patients

Type of surgery

Steatosis1

32553765

Lassailly

2020

France

P

180

RYGB, LAGB, BPD,
SG

Yes

32556752

Salman

2020

Egypt

P

67

OAGB

32153044

Salman

2020

Egypt

P

81

32152677

Salman

2020

Egypt

P

32124215

Nikai

2020

Japan

32360804

Bazerbachi

2020

29126863

Garg

27697327

ballooning1

1

Did the parameter improve after the bariatric operation?
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2

Did any patient experience worsening in any of the parameters after the bariatric operation?
BPD: Biliopancreatic diversion with duodenal switch; IGB: Intragastric balloon placement; LAGB: Laparoscopic adjustable gastric banding; NA: Not available; OAGB: One-anastomosis gastric bypass; P: Prospective; R: Retrospective;
RYGB: Roux-en-Y gastric bypass; SG: Sleeve gastrectomy.

and rarely excessive weight loss[86].
Performing a bariatric procedure after LT is not considered to be an optimal option.
The most important complication, wound dehiscence, is attributed to the use of
corticosteroids and immunosuppressive medications in LT recipients[86]. It has been
proven that immunosuppressive regimens are a strong predictive factor for 30-day
mortality in patients undergoing bariatric surgery[86,93]. Post-LT adhesions might also
turn a routine bariatric procedure into a particularly challenging operation[44,72,86].
Currently, LT is the only treatment option that can definitively lead to complete
resolution of NASH in bariatric patients. It is worth mentioning that in the early 2000s,
only 3% of the LTs were performed for end-stage liver disease secondary to NASH,
while in 2011 this percentage increased to 19%[12]. By 2020, NASH is expected to come
first as a cause for LTs, at least in western countries[92]. The 5-year survival rate after LT
for end-stage liver disease attributed to NASH is 60%-85%[94].
Despite of these promising results, LT in NASH patients has been associated with
increased risk of postoperative complications compared to patients undergoing LT for
other indications, such as renal dysfunction, sepsis, cardiovascular complications,
wound infection, and prolonged mechanical ventilation. In the long-term,
hypertension, obesity and hyperlipidemia may also deteriorate post-LT, mostly due to
the state of immunosuppression, while recurrence of MS has been observed in around
50% of LT patients with preoperative MS[89]. Interestingly, up to 12% of transplant
patients may require re-transplantation: (1) Due to NASH recurrence, which can be
attributed to genetic causes, immunosuppressive agents, and the presence of excess
adipose tissue[44,70,95]; or (2) Due to acute graft rejection, which is also higher compared
to that seen after LT for other conditions[12,92].

CONCLUSION
MS is a common disease entity, particularly in western countries. It is usually
accompanied by cardiovascular disease, dyslipidemia, and NASH, and is associated
with increased morbidity and mortality. Although diet, exercise and weight loss are
the cornerstone of initial management, bariatric surgery has emerged as an alternative
approach, particularly in severely obese patients or in those with MS resistant to
conservative treatment. SG and RYGB are the most commonly utilized bariatric
procedures. The only definitively therapeutic modality in MS patients with end-stage
liver disease secondary to NASH is LT, while the optimal time frame for bariatric
surgery, when required in combination with LT, has yet to be determined.
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Abstract
Combined liver and kidney transplantation (CLKT) is indicated in patients with
failure of both organs, or for the treatment of end-stage chronic kidney disease
(ESKD) caused by a genetic defect in the liver. The aim of the present review is to
provide the most up-to-date overview of the rare conditions as indications for
CLKT. They are major indications for CLKT in children. However, in some of
them (e.g., atypical hemolytic uremic syndrome or primary hyperoxaluria), CLKT
may be required in adults as well. Primary hyperoxaluria is divided into three
types, of which type 1 and 2 lead to ESKD. CLKT has been proven effective in
renal function replacement, at the same time preventing recurrence of the disease.
Nephronophthisis is associated with liver fibrosis in 5% of cases and these
patients are candidates for CLKT. In alpha 1-antitrypsin deficiency, hereditary C3
deficiency, lecithin cholesterol acyltransferase deficiency and glycogen storage
diseases, glomerular or tubulointerstitial disease can lead to chronic kidney
disease. Liver transplantation as a part of CLKT corrects underlying genetic and
consequent metabolic abnormality. In atypical hemolytic uremic syndrome
caused by mutations in the genes for factor H, successful CLKT has been reported
in a small number of patients. However, for this indication, CLKT has been
largely replaced by eculizumab, an anti-C5 antibody. CLKT has been well
established to provide immune protection of the transplanted kidney against
donor-specific antibodies against class I HLA, facilitating transplantation in a
highly sensitized recipient.
Key Words: Combined liver-kidney transplantation; Methylmalonic aciduria; Hereditary
complement C3 deficiency; Glycogen storage diseases; Homozygous protein C deficiency;
Primary hyperoxaluria; Atypical hemolytic uremic syndrome; Sensitization; Donor-

https://www.wjgnet.com

722

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

First decision: July 29, 2020
Revised: July 30, 2020
Accepted: September 18, 2020
Article in press: September 18, 2020
Published online: October 27, 2020
P-Reviewer: Guo JS, Pan GD
S-Editor: Ma YJ
L-Editor: Filipodia
P-Editor: Wang LL

specific antibodies
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Combined liver and kidney transplantation (CLKT) provides replacement of
both liver and kidney function in both organ end-stage diseases, or in end-stage kidney
disease with origin in the genetic defect in the liver. It has been proven as an invaluable
treatment option in the range of rare diseases such as primary hyperoxalurias, atypical
hemolytic uremic syndrome, lecithin cholesterol acyltransferase deficiency, alpha 1antitrypsin deficiency, hereditary complement C3 deficiency, nephronophthisis
glycogen storage diseases. In this review, we provide an overview of rare indications
for CLKT.

Citation: Knotek M, Novak R, Jaklin-Kelez A, Mrzljak A. Combined liver-kidney
transplantation for rare diseases. World J Hepatol 2020; 12(10): 722-737
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/722.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.722

INTRODUCTION
Combined liver and kidney transplantation (CLKT) is indicated for patients with
failure of both organs, or for the replacement of genetic defect in the liver in the
presence of advanced or end-stage chronic kidney disease. In the latter case, liver
transplantation represents a form of gene therapy. CLKT is well established, although
still presents a rare type of transplantation. In the United States, CLKT represented
8.6% of all adult and 2.9% of all pediatric liver transplants in 2018[1]. Only 3.1% of all
adult kidney transplants and 2.2% of all pediatric kidney transplants consist of CLKT.
The most frequent indications for liver transplantation in CLKT are cirrhosis caused by
hepatitis C, cryptogenic cirrhosis, alcoholic cirrhosis, and polycystic liver disease,
while most frequent renal indications are chronic glomerulonephritis, diabetic
nephropathy, polycystic kidney disease, and hypertensive kidney disease[2]. In
children, epidemiology is different, with rare diseases such as primary hyperoxaluria
and congenital liver fibrosis/polycystic kidneys being the major indications for
CLKT[3]. In this review, our goal is to provide the most up-to-date overview of the rare
conditions as indications for CLKT (Table 1).

PRIMARY HYPEROXALURIA AND CLKT
Primary hyperoxalurias (PHs) (reviewed in Cochat et al[4]) are autosomal recessive
disorders that result in increased oxalate generation leading to hyperoxaluria,
nephrocalcinosis, renal stone formation, urinary infections, chronic kidney disease
(CKD) and finally to systemic oxalosis. Type 1 hyperoxaluria results from a deficiency
of alanine-glyoxylate aminotransferase (AGT), which facilitates transamination of
glyoxylate to glycine in the liver. Thus, AGT deficiency results in the accumulation of
glyoxylate and overproduction of oxalate and glycolate. Type 2 PH is a consequence of
deficiency of a primarily hepatic enzyme, glyoxylate reductase-hydroxypyruvate
reductase (GRHPR). GRHPR deficiency results in the accumulation of oxalate and Lglycerate. PH type 3 is caused by a deficit of 4-hydroxy-2-oxoglutarate aldolase,
resulting in the accumulation of oxalate. The most frequent among the PHs is type 1.
The clinical course is also the most aggressive in PH1, while PH3 is the mildest form of
the disease, without systemic oxalosis and with the uncommon occurrence of
nephrocalcinosis, kidney stones, and renal failure. PHs are very rare diseases. It has
been estimated that their combined prevalence by genetic analysis is approximately 17
per million population[5].
Patients with PH1 and PH2 present with kidney stones or nephrocalcinosis early in
life; median age at symptoms appearance was in recent studies 5.6 years in PH1 and
3.2 years in PH2. Mean age of patients at first liver/kidney transplant was 16.5 for PH1
and about 40 years in PH2[6,7]. Isolated kidney transplantation in patients with PH1 is
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Table 1 Rare indications for combined liver-kidney transplantation
Disease

Indication(s) for CLKT

Monogenic diseases with primary hepatic expression without significant
parenchymal damage
Atypical hemolytic-uremic syndrome

Renal failure and alternative complement pathway activity

AIP

Renal failure and recurrent medically non-responsive AIP attacks

Primary hyperoxaluria

Renal failure and metabolic control of the disease

Homozygous protein C deficiency

Renal failure and coagulation control

Hereditary complement C3 deficiency

Renal failure and risk reduction of recurrent infections (?)

Monogenic diseases with primary hepatic expression with parenchymal
damage
Alpha-1-antitrypsin deficiency

Renal failure and liver failure (cirrhosis)

Glycogen storage disease

Renal failure with hepatocellular adenomatosis/carcinoma and metabolic
control of the disease

Monogenic diseases with hepatic and extrahepatic manifestation
Nephronophthisis associated with liver fibrosis

Renal failure and liver failure (cirrhosis)

Lecithin cholesterol acyl transferase deficiency

Renal failure and metabolic control of disease

Methylmalonic acidemia

Renal failure and metabolic decompensation

Other
Antibody mediated rejection of the kidney

Renal failure and in the presence of positive CDC cross-match (?)

CLKT: Combined liver and kidney transplantation; AIP: Acute intermittent porphyria; CDC: Complement-dependent cytotoxicity.

associated with greatly decreased renal graft survival, because of the rapid recurrence
of the disease[8,9]. Liver transplantation corrects genetic defects both in PH1 and
PH2[10-12]. Although there are reports on preemptive liver transplantation in patients,
who do not have advanced CKD, majority of patients receive CLKT[6,7,13,14]. CLKT (or
sequential liver and kidney transplantation from a living donor[15]) has been
consistently shown to provide better renal graft and patient survival, as compared to
the isolated kidney transplantation. However, since a large amount of oxalate
accumulates in the body over the years of disease, it is important to prevent rapid
oxalate deposition in the renal graft. Namely, it can further lead to acute oxalate
nephropathy and irreversible renal failure. This is achieved by high-intensity renal
replacement therapy in the perioperative and early post-transplant period[16], even in
patients with good immediate renal function. Long-term in the post-transplant period,
high urine output with urine alkalization (potassium citrate) and avoidance of
dehydration should be maintained. Another option for PH1 patients may represent
sequential liver and kidney transplantation, where liver is transplanted first and in the
second procedure at least several months apart kidney is transplanted from the same
living, or different deceased donor[17,18]. The rationale for sequential LKT is to decrease
oxalate production prior to kidney transplantation.
A separate question is whether entire liver tissue replacement is required for
patients with primary hyperoxalurias. Since genetic defect that results in oxalate
hyperproduction resides in hepatocytes and there is no significant transport of oxalate
into hepatocytes, common opinion has been that hepatectomy and orthotopic liver
transplantation (whole, or a segment) are required[19]. However, we and others have
reported that auxiliary partial orthotopic liver transplantation (as part of the CLKT)
was sufficient to prevent recurrent kidney injury in patients with PH1[20-22]. This is
important because auxiliary liver transplantation would be safer than native
hepatectomy and liver transplantation, in the case of post-transplant liver graft failure.
The effect of auxiliary CLKT vs total CLKT on systemic oxalosis is currently unknown.
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ATYPICAL HEMOLYTIC-UREMIC SYNDROME AND CLKT
Atypical hemolytic-uremic syndrome (aHUS) is a rare disease caused by enhanced
activity of the alternative complement pathway. It is characterized by
microangiopathic hemolytic anemia and thrombocytopenia, accompanied by acute
kidney injury. aHUS results in death or end-stage kidney disease in up to 80% of
patients within 3-10 years from the onset of the disease[23]. A recent systematic review
reported prevalence in populations younger than 20 years old of 2.2-9.4 per million
population (pmp), with an incidence in this population of 0.26-0.75 pmp. In all age
groups, based on limited information, the prevalence was 4.9 and the incidence was
0.23-1.9 per million population[24]. Being constitutively active, the alternative
complement pathway is controlled by several regulatory proteins, among which, some
are synthesized in the liver[25]. A great majority of aHUS cases are caused by genetic
abnormalities in complement proteins or their regulators, which results in
uncontrolled activation of the alternative complement pathway. The most frequent
cause of aHUS is factor H deficiency. In a great majority of patients, the deficiency is
caused by mutations in factor H gene, with autoantibodies to factor H being
responsible for up to 10% of cases[23]. Other causes may be mutations of factor I, B, and
membrane cofactor protein (CD46), as well as mutations in C3. Factor H, together with
factor I participates in the regulation of constitutive alternative pathway activity. They
are both produced mainly by the liver. Mutations in factor H are responsible for about
30% of aHUS[26].
Historically, recurrence of the disease following kidney transplantation was very
frequent, which almost universally led to graft loss[27-31]. Liver transplantation can
correct the genetic abnormality in patients with aHUS due to factor H deficiency. The
first report of CLKT in aHUS in a 2-year-old child was published in 2002[32].
Subsequent results of CLKT, following a protocol of peritransplant plasma-exchange,
were favorable[33-35]. Although CLKT appeared promising in patients with end-stage
kidney disease due to aHUS, it was largely replaced by eculizumab, an anti-C5
antibody[36,37]. Eculizumab is currently the standard treatment of aHUS before and after
kidney transplantation according to national and international guidelines[38-42].
However, high cost of eculizumab and uncertainty of the needed duration of
eculizumab treatment, as well as relapse in rare patients following renal
transplantation under eculizumab, leave doors for CLKT in select aHUS patients still
open[43,44].

HEREDITARY COMPLEMENT C3 DEFICIENCY AND CLKT
Hereditary complement 3 deficiency is an extremely rare autosomal recessive disease,
which is present in less than 1 per million people[45]. It is associated with recurrent
bacterial infections and complement-mediated glomerulonephritis (C3
glomerulopathy) although end-stage renal disease (ESRD) is uncommon[46,47]. In the
complement system, complement C3 is central to classical and alternative complement
pathways, and it is predominantly synthesized in the liver[48], but extra-hepatic
synthesis such as monocyte- and kidney-derived is present as well[49,50]. Therefore, in
case of kidney transplantation and inevitable immunosuppression post-transplant, the
patient may be additionally compromised with the recurrence of bacterial infections.
Thus, the rationale behind the simultaneous liver-kidney transplantation lies in the
long-term restoration of plasma C3 levels. So far only one case has been published of
an adult with complete complement 3 deficiency due to homozygous mutation in C3,
with a complete restoration of circulating C3 levels and good functioning both grafts
24 mo after simultaneous liver-kidney transplantation[51].

ALPHA-1-ANTITRYPSIN DEFICIENCY AND CLKT
Alpha-1-antitrypsin deficiency (A1AD) is a genetic condition caused by mutations in
SERPINA1 gene, resulting in synthesis and aggregation of misfolded alpha 1
antitrypsin (AAT) in the liver and its low serum level. Accumulation of abnormal
protein leads to liver injury, while deficiency of protease inhibitor function disturbs
antiprotease activity, primarily in the lungs. Some homozygous and compound
heterozygous mutation patients typically develop liver disease in childhood and/or
lung disease in adulthood, the later especially in smokers. Nowadays, A1AD with the
prevalence of 24/100000 people[52], is the most common genetic cause of pediatric LT,
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and the third metabolic liver disease in adults which may also lead to cirrhosis and
LT[53-55].
In some A1AD patients, membranoproliferative glomerulonephritis (MPGN)
develops as a rarely associated co-morbidity. The explanation for this pathology is not
fully understood. It has been hypothesized that altered protein released from damaged
hepatocytes becomes antigen for immunological reaction forming deposits in
glomeruli. MPGN may progress to end-stage renal disease (ESRD) with a necessity for
kidney transplantation. There have been literature reports of successful CLKT in
A1AD patients with concomitant end-stage liver and advanced kidney disease[56,57].
Although, in A1AD cases with liver failure and MPGN, but without ESRD, an isolated
LT may lead to the recovery of MPGN making renal transplantation unnecessary[58].
Therefore, for A1AT patients with end-stage liver disease and MPGN, careful
evaluation of the kidney function and severity of damage should be done before
deciding what would be the better option, isolated LT or CLKT[59].

LECITHIN CHOLESTEROL ACYLTRANSFERASE DEFICIENCY AND CLKT
Lecithin cholesterol acyltransferase (LCAT) deficiency is a rare autosomal recessive
disorder, occurring in less than 1/million people[60] and it is caused by mutations in the
LCAT gene (16q22.1), which encodes LCAT enzyme. It catalyzes the formation of
cholesterol esters in lipoproteins. A deficiency of LCAT leads to increased plasmatic
free cholesterol and lecithin with severe reduction of plasma HDL cholesterol, which
in turn affects the metabolism of other lipoproteins and results in lipid-containing
deposits in various tissues. Familial LCAT with the total loss of enzyme activity
usually manifests in early adulthood with corneal opacifications, hemolytic anemia,
and renal injury with proteinuria[61,62]. Enlargement of the liver, spleen, and lymph
nodes may be found in addition to atherosclerosis[63]. Renal failure typically appears in
the second or third decade and progresses to end-stage kidney disease, necessitating
renal replacement therapies including kidney transplantation[62]. As kidney
transplantation alone does not affect the levels of plasma LCAT nor the abnormal lipid
profile, recurrence of the disease in the graft is to be expected within days after
transplantation. However, long-term graft function is well-maintained despite the
presence of deposits[61,64-66].
Since LCAT is produced within the liver, CLKT provides a plausible treatment
option. Though, so far only one report addressed the LCAT deficiency in a 29-year old
man treated with kidney transplant combined with a year apart sequential auxiliary
partial orthotopic liver transplant from the same living donor. The improvement in
HDL and triglycerides was only present up to 1 year after transplantation, but the
long-term follow-up showed no histological signs of LCAT nephropathy[67].

GLYCOGEN STORAGE DISEASE AND CLKT
Glycogen storage diseases (GSDs) are a group of inherited metabolic disorders of
glycogen metabolism. GSDs affect liver and/or muscles. Subsequently, they are
commonly divided into GSDs with the mainly hepatic presentation, which main
features include hepatomegaly and hypoglycemia (0, I, III, IV, VI, IX, XI) and GSDs
with the neuromuscular presentation, typically with muscle weakness and hypotonia
(II, III, IV, V, VII, IXd)[68].
Glycogen storage disease I, also known as Von Gierke’s disease, is one of the most
common types with the incidence of 1/million people[69]. GSD I is an autosomal
recessive disease resulting in glucose-6-phosphatase (G6P) deficiency. Normally, G6P
catalyzes the last step of glycogenolysis and it is expressed in the liver, kidney, and
scarcely in intestines, resulting in glycogen deposits in the aforementioned organs[70].
Approximately 80% of patients have type Ia deficiency, with the G6P catalytic unit
defect on the endoplasmic reticulum, while the rest have type Ib due to a G6P
translocase defect[71,72]. Patients with GSDs usually present in infancy with poor
tolerance to fasting, hepatomegaly, and growth retardation. Their characteristic
laboratory findings include hypoglycemia, hyperlactacidemia, hyperlipidemia, and
hyperuricemia[73]. GSD Ib patients additionally have frequent neutropenia, which
creates common difficulties with recurrent infections[74]. Neutropenia in GSD Ib is
possibly caused by abnormal neutrophil function since neutrophils energetically
considerably depend on glycogenolysis[74]. The patients are usually diagnosed by
molecular diagnostics[73] and prescribed with a strict diet regime (frequent meals, slow-
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absorption carbohydrates) yielding in majority normoglycemia and good metabolic
control[70]. The long-term course of GSD I is frequently complicated with hepatocellular
adenomas (16%-75%), that appear in the second or third decade of life and progress in
size and number[71]. The occurrence of hepatocellular carcinoma is also possible, and its
incidence increases along with the increasing survival of the well-metabolically
controlled patients[75]. Accordingly, hepatocellular adenomatosis and carcinoma are the
main indications for LT in GSD I patients, which also provides good glucose
homeostasis[71,76].
However, several reports suggest that immunosuppression after LT may severely
worsen renal function in these patients. Namely, pre-existent renal complications as
focal segmental glomerulosclerosis, proximal and distal tubular dysfunction are also
common GSDs trait[71,77]. Several authors thus report CLKT as a successful treatment
for GSD I patients with hepatic adenomatosis and kidney failure[78-81]. As a treatment
modality, CLKT provides GSD I patients correction of the metabolic defect, and
consequently effective metabolic control. Hence, some investigators have even
broadened the hepatic indications for CLKT, including poor metabolic control and
severe growth retardation[82]. In the literature, there are also several reports of GSD I
patients who underwent CLKT for terminal kidney failure, without hepatic
adenomatosis being present, but with poor metabolic control[83-86]. As isolated kidney
transplantation does not improve liver glucose metabolism and hence potentially
presents a ground for reoccurring kidney failure, CLKT was recommended as a better
option in those cases[83,85] Patients who underwent CLKT so far, were all adults aged
19-42 years and they all have recovered well after transplantation[84,85]. CLKT meant
great advance for two women with GSD I, who managed to conceive and successfully
bear healthy children, despite the low fecundity and pre-transplantation metabolic
disturbances[85,86].
LT might provide a successful metabolic balance in poorly regulated GSD I patients,
although CLKT might maintain that balance, particularly in severe cases with renal
failure.

NEPHRONOPHTHISIS ASSOCIATED WITH LIVER FIBROSIS AND CLKT
Nephronophthisis (NPHP) is a renal ciliopathy with the autosomal recessive
inheritance of cystic kidney disease and with a prevalence of 1/100000 people[87]. It
may progress to ESRD and is the most common genetic cause of renal failure in
children and young adults[88]. In 10%-20% of NPHP there is an association with extrarenal manifestations; neurological, ocular, skeletal, hepatic, cardiac, and pulmonary,
sometimes manifesting in specific clinical syndromes. Boichis syndrome is
characterized by the simultaneous development of hepatic fibrosis, in up to 5% of
patients with NPHP[89]. These patients are candidates for CLKT as injury of both
organs may end in irreversible organ failures. One case report and case series of CLKT
in patients with Boichis syndrome have been published so far. In all of the four
reported patients, both liver and kidney functions recovered initially, but two died
(one 2 wk after CLKT due to pneumonia and intracranial hemorrhage, and the second
10 years later due to cardiovascular disease)[18,90]. Sequential liver-kidney
transplantation was also described in the literature. The liver transplantation was
performed first, followed by kidney transplantation 4 mo later. Both grafts came from
the same donor and retained good function after transplantation[91].

HOMOZYGOUS PROTEIN C DEFICIENCY AND CLKT
Homozygous protein C deficiency (HPCD) is a rare autosomal recessive disorder,
which results in a hypercoagulable state due to very low levels of active protein C
caused by a mutation in the PROC gene. Clinically significant HPCD occurs in 1/20000
people[92]. HPCD typically presents as neonatal purpura fulminans with thrombosis of
major blood vessels that lead to ophthalmologic, neurological, and renal complications
with high rates of mortality[93]. The condition is managed by substitution of protein C
and anticoagulation therapy, although long-term survival without major co-morbidity
is rarely reported[93]. Several reports demonstrate that liver transplantation, as it is the
organ of protein C synthesis, provides a good therapeutic option. Namely, LT leads to
the reconstitution of protein C activity, which in the long-term is both clinically
effective and cost-effective[93-97]. To date, only one report has addressed CLKT in an 8year-old patient with HPCD and bilateral renal vein thrombosis resulting in renal
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failure. The patient underwent auxiliary liver with combined renal transplantation,
which improved her quality of life and removed the need for protein C infusions and
hemodialysis[95].

ACUTE INTERMITTENT PORPHYRIA AND CLKT
Acute intermittent porphyria (AIP) is an autosomal dominant disorder resulting in the
deficiency of porphobilinogen deaminase (PBGD), an enzyme involved in heme
synthesis[98]. AIP has a prevalence of 1/20000 people[99]. Only a minority of
symptomatic patients with AIP (< 10%) develop potentially life-threatening recurrent
acute attacks, which can be triggered by various metabolic and environmental factors
as a consequence of accumulated phototoxic and neurotoxic heme precursors
(PBG)[98,100,101]. Acute attacks are characterized by severe abdominal pain, nausea,
vomiting, hypertension, and sometimes neurological manifestations (neuropathies,
encephalopathy, convulsions, anxiety), while major chronic complications include
chronic kidney disease and development of hepatocellular carcinoma[100,102].
Current treatment for acute attacks consists of intravenous hemin and carbohydrate
loading[101], though repeated hemin therapy may complicate patients’ conditions,
causing vascular thromboses and restricting venous access[103]. Thus, liver
transplantation (LT), as a major source of PBG production, should be considered for
patients with AIP, who suffer from recurrent, medically non-responsive attacks that
substantially impair the life quality[104].
The outcome of the few LTs performed in AIP patients has been excellent so far,
while the transplanted patients have not experienced further acute AIP attacks. Their
biochemical PBG results markedly improved and the 5-year survival rate was nearly
80%[105]. However, a high incidence (40%) of hepatic artery thrombosis has been
observed after LT and the patients with long-term neuropathies did not have
significant neurological improvement[105]. Despite extrahepatic PBGD deficiency, there
were no observed induced AIP attacks due to immunosuppressants[106]. A few
successful renal transplantations have also been performed in patients with
uncomplicated AIP and renal failure[107,108]. Even though, most recommendations for
patients with frequent acute attacks, progressive neuropathies and deteriorating renal
function suggest performing CLKT[101] yet only two published cases (aged 24 and 55
years) have undergone CLKT[109]. Wahlin et al[109] showed that their clinical and
biochemical AIP markers significantly improved after CLKT, while one of them
exhibited bile leakage as a post-transplant complication. Prior to CLKT, they had both
presented with a diverse degree of neuropathies that subsequently completely
resolved in the post-transplant period.
Although there were descriptions of unpredictable course of AIP and possible
amelioration during the time[110], current recommendations advise early LT as a cure,
since recurrent attacks may prompt severe neurological deficits and end kidney
failure. In advanced cases, CLKT may be a considerable treatment option if the
patients are adequately clinically stable.

METHYLMALONIC ACIDURIA AND CLKT
Methylmalonic aciduria (MMA) refers to a rare group of inherited disorders of the
catabolic pathway of branched-chain amino acids and odd-chain fatty acids resulting
in methylmalonic acid (MA) accumulation. The incidence of MMA varies from
1/50000 to 1/100000 of people[111]. MMA is inherited in autosomal recessive pattern,
affecting MUT gene encoding methylmalonyl-CoA mutase or genes encoding key
enzymes for the metabolism of the cofactor cobalamin[112]. MUT enzyme is normally
expressed primarily in mitochondria of the liver, but also in kidneys, endocrine tissue,
brain, and muscles[113]. Furthermore, the accumulation of MA provokes episodes of
metabolic instability[114].
The intensity of the clinical picture depends on the particular genetic mutation. In
the most severe cases, shortly after birth patients experience recurrent episodes of
metabolic acidosis and hyperammonemia, leading to neurologic, hematologic, renal,
sometimes gastrointestinal, heart and vision impairment, followed with growth failure
and developmental delay. In others, symptoms may not be so intense and its
appearance may be postponed to even adulthood. Some triggers like fasting, infection,
surgery, or any other stress may provoke sudden worsening and metabolic crisis[114-117].
Such episodes are also exacerbated by unrestricted protein intake, therefore high-
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energy low-protein diet (low in propiogenic amino acid precursors) is crucial
throughout life. Administration of L carnitine, vitamin B12, and symptoms-based
treatment are also part of conventional therapy[118]. However, despite all measures,
MMA may not be under sufficient control, therefore the organ injuries may also
progress. In such patients, with frequent metabolic decompensation episodes, in spite
of proper conservative management, better metabolic stability may only be
accomplished with liver, kidney or CLKT. It is advisable to perform it before the
appearance of irreversible neurologic damage[58,119].
In the context of MMA, organ transplantation is not a curative option, but it can be a
complementary therapeutic solution. Namely, liver transplantation reduces the
systemic accumulation of MA, while kidney transplantation facilitates the clearance of
MA[114]. Even more so, the amount of normal enzyme is higher in CLKT and in
addition kidney rejection may be better controlled[59,120].
After CLKT levels of MA decrease by 80%-97%[121,122] and are lower than after
isolated LT with better metabolic outcomes and reduced number of
hospitalizations[123-125]. The majority of reports show improvements in neurodevelopment (enhanced motor skills, learning abilities, social engagement) and
improved quality of life after CLKT[18,114,118,121,123-128]. Yet, in most cases, MA levels after
CLKT are still 1000x higher than normal[124,125]. Besides, neurologic and/or muscle
impairments may continue despite normal graft function[59,117]. It is also of great
importance to maintain close metabolic monitoring and dietary measures after the
transplantation, as extrarenal and extrahepatic production of MMA continues to
derive from skeletal muscles[117]. In some cases in the post-transplant period, a relaxed
dietary protein diet may safely occur[128].
To date, only several dozen CLKT cases performed in MMA have been described in
the literature[129] with promising results. The age of MMA patients considered for
CLKT ranged between 2 and 28 years[116,124,125,127]. Combined transplants were almost
entirely performed in patients with mut0 type of MMA and their survival rates were
excellent[114,116,118,121-128,130,131]. Two deaths after CLKD have been reported; one caused by a
metabolic crisis after the transplant[132] and the other by early post-transplant
complications[125].
Preoperative treatment should be precisely planned to prevent catabolism
afterward. Surgical complications are more frequent after an extensive procedure such
as LKT and the procedure carries more risks[123-125]. Most of the immunosuppression
regimens for CLKT in MMA patients consisted of calcineurin inhibitors (CNI)
(tacrolimus and cyclosporine) steroids and mycophenolate-mofetil[116,124,125]. In addition,
neurological complications such as seizures, tremor, ataxia, worsening vision, and
altered mental status were common and occurred in 15%-40% of patients after CLKD.
Early after the procedure, the patients with their pre-existent mitochondrial
dysfunction are particularly prone to the development of CNI-neurotoxicity while
later neurological symptoms are more probably metabolically induced[115,116,121,122].
Though not curative, CLKT is generally a highly effective additional therapeutic
option for MMA patients who cannot be stabilized only with regular dietary and
pharmacological therapy, in spite of the higher risk for post-transplantation
complications in this population. Decisions on whether or not CLKT will be performed
should be individualized on a case by case basis balancing advantages and posttransplantation risks[115].

ANTIBODY-MEDIATED REJECTION OF THE KIDNEY
The long-term practice of many transplant centers was to proceed to CLKT even in the
presence of positive complement-dependent cytotoxicity (CDC) crossmatch, as
hyperacute kidney rejection in CLKT is extremely rare. Now, it has been well
established that CLKT may confer partial kidney allograft protection against donorspecific antibody (DSA)-mediated rejection[133]. For example, in a recent retrospective
study, CLKT patients with preformed DSA had lower rates of acute and chronic
antibody-mediated rejection (AMR) as compared to isolated kidney transplant
recipients[133]. In addition, recipients of CLKT had reduced the incidence of T-cell
mediated rejection (TCMR) of kidney grafts as compared to kidney-transplant alone
recipients[133]. This protection is predominantly related to anti-HLA class I DSA, as
anti-HLA class II DSA has been associated with increased risk of graft loss and patient
death in CLKT[134]. De novo DSAs following LT, that are in majority of cases directed
against HLA class II, are associated with increased risk of antibody-mediated rejection,
long-term graft failure and patient death, similar to their association with antibody-
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mediated rejection and decreased long-term graft survival following kidney
transplantation. However, some studies failed to demonstrate an increased risk for
graft loss in liver transplant recipients with de novo DSA[135]. Currently, it is not well
known whether patients with CLKT have a different incidence of de novo DSA and
lower risk of AMR, as compared to kidney only transplant recipients.
Mechanisms providing immune protection of kidney grafts in CLKT are
incompletely elucidated but may include HLA class I antigen shedding by the liver
grafts, DSA absorption by the liver, and increased activation of tissue
integrity/metabolism pathways in the kidney[133].
To date, CLKT in highly sensitized recipients was performed only in patients with
conventional indications for CLKT. Though, since acute AMR is associated with a high
risk of renal graft loss and of progression into chronic AMR[136], one could hypothesize
that simultaneous auxiliary liver and kidney cross-match positive transplantation for
an extremely sensitized patient in need of kidney only transplantation might improve
short- and long-term kidney transplant outcomes. It is unknown whether the same
degree of protection would be seen in the recipient of simultaneous auxiliary LKT,
because of a smaller transplant liver tissue mass. That would be in line with the
hypothesis, that the capacity of the liver graft providing immune protection for the
kidney would be limited in the presence of too high levels of DSA[137]. Such auxiliary,
partial, CLKT performed to facilitate HLA-incompatible kidney transplantation in a
difficult to desensitize recipient remains to be reported.

CONTRAINDICATIONS FOR CLKT
As in other forms of solid organ transplantation, absolute contraindications for CLKT
include active infection, recent or active malignancy, severe irreversible heart or
respiratory failure, severe non-adherence, and psychiatric disorder impairing consent
or adherence[138]. In patients with liver cirrhosis, an additional contraindication is
moderate or severe portopulmonary hypertension[139]. Timely referral for CLKT is
essential, as long-standing chronic kidney disease may lead to the progression of
cardiovascular disease. In addition, both long-standing chronic kidney disease and
liver disease are associated with increased frailty, and consequently increased risk for
poor transplant outcome[140].

CONCLUSION
Simultaneous liver and kidney transplantation has proven to be a life-saving
procedure in the simultaneous failure of both organs. Though, besides the wellestablished indications for end-stage liver and kidney disease, it also represents a
therapeutic option for numerous rare diseases. Namely, by replacing mutated genes,
liver transplantation provides a cure for genetic diseases with origin in the liver.
Although nowadays there are enzyme replacement therapies, in general, they are still
too expensive and thus less cost-effective than LT. Furthermore, the indications for
CLKT in rare metabolic disorders have even broadened, in order to achieve better
metabolic control and improve the quality of life.
Advances in surgical technique, as well as improvement in immunosuppression, led
to better long-term CLKT transplant outcomes. The risk of the procedure may be even
lower in partial orthotopic auxiliary liver transplantation, which merits further
evaluation in candidates for CLKT when a genetic disease with origin in the liver is
present. Yet, meticulous estimation of risk is necessitated, including consideration of
possible short- and long-term complications after transplant. Accordingly, it is also
complex to decide on the time-point of CLKT. Despite the complexity of the
procedure, CLKT has better outcomes in patients with metabolic diseases and renal
failure than isolated LT, or isolated kidney transplantation, and in addition reduction
of extrahepatic synthesis of metabolites may in some cases also be reduced. After the
CLKT, careful monitoring for extrarenal and extrahepatic metabolic manifestations is
necessary. As CLKT itself is not a frequent procedure, we believe that it should be
performed only in high volume transplant centers. That is even more important in case
of rare indications, where an experienced multidisciplinary team is a prerequisite.

WJH

https://www.wjgnet.com

730

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

REFERENCES
1

2

3

4
5

6

7

8

9

10

11

12
13

14

15

16

17

18

19
20

21

22

WJH

U.S. Department of Health & Human Services. OPTN/SRTR 2018 Annual Data Report: Liver. [Cited
May 10, 2020] Available from:
https://srtr.transplant.hrsa.gov/annual_reports/2018/Liver.aspx#LI_10_char_adult_tx_tx
Ruiz R, Jennings LW, Kim P, Tomiyama K, Chinnakotla S, Fischbach BV, Goldstein RM, Levy MF,
McKenna GJ, Melton LB, Onaca N, Randall HB, Sanchez EQ, Susskind BM, Klintmalm GB. Indications
for combined liver and kidney transplantation: propositions after a 23-yr experience. Clin Transplant 2010;
24: 807-811 [PMID: 20002463 DOI: 10.1111/j.1399-0012.2009.01180.x]
Calinescu AM, Wildhaber BE, Poncet A, Toso C, McLin VA. Outcomes of combined liver-kidney
transplantation in children: analysis of the scientific registry of transplant recipients. Am J Transplant 2014;
14: 2861-2868 [PMID: 25274400 DOI: 10.1111/ajt.12935]
Cochat P, Rumsby G. Primary hyperoxaluria. N Engl J Med 2013; 369: 649-658 [PMID: 23944302 DOI:
10.1056/NEJMra1301564]
Hopp K, Cogal AG, Bergstralh EJ, Seide BM, Olson JB, Meek AM, Lieske JC, Milliner DS, Harris PC;
Rare Kidney Stone Consortium. Phenotype-Genotype Correlations and Estimated Carrier Frequencies of
Primary Hyperoxaluria. J Am Soc Nephrol 2015; 26: 2559-2570 [PMID: 25644115 DOI:
10.1681/ASN.2014070698]
Garrelfs SF, Rumsby G, Peters-Sengers H, Erger F, Groothoff JW, Beck BB, Oosterveld MJS, Pelle A,
Neuhaus T, Adams B, Cochat P, Salido E, Lipkin GW, Hoppe B, Hulton SA; OxalEurope Consortium.
Patients with primary hyperoxaluria type 2 have significant morbidity and require careful follow-up. Kidney
Int 2019; 96: 1389-1399 [PMID: 31685312 DOI: 10.1016/j.kint.2019.08.018]
Jamieson NV; European PHI Transplantation Study Group. A 20-year experience of combined liver/kidney
transplantation for primary hyperoxaluria (PH1): the European PH1 transplant registry experience 19842004. Am J Nephrol 2005; 25: 282-289 [PMID: 15961948 DOI: 10.1159/000086359]
Harambat J, van Stralen KJ, Espinosa L, Groothoff JW, Hulton SA, Cerkauskiene R, Schaefer F, Verrina
E, Jager KJ, Cochat P; European Society for Pediatric Nephrology/European Renal Association-European
Dialysis and Transplant Association (ESPN/ERA-EDTA) Registry. Characteristics and outcomes of
children with primary oxalosis requiring renal replacement therapy. Clin J Am Soc Nephrol 2012; 7: 458465 [PMID: 22223608 DOI: 10.2215/CJN.07430711]
Cibrik DM, Kaplan B, Arndorfer JA, Meier-Kriesche HU. Renal allograft survival in patients with
oxalosis. Transplantation 2002; 74: 707-710 [PMID: 12352890 DOI:
10.1097/00007890-200209150-00020]
Dhondup T, Lorenz EC, Milliner DS, Lieske JC. Combined Liver-Kidney Transplantation for Primary
Hyperoxaluria Type 2: A Case Report. Am J Transplant 2018; 18: 253-257 [PMID: 28681512 DOI:
10.1111/ajt.14418]
Bergstralh EJ, Monico CG, Lieske JC, Herges RM, Langman CB, Hoppe B, Milliner DS; IPHR
Investigators. Transplantation outcomes in primary hyperoxaluria. Am J Transplant 2010; 10: 2493-2501
[PMID: 20849551 DOI: 10.1111/j.1600-6143.2010.03271.x]
Fagiuoli S, Daina E, D'Antiga L, Colledan M, Remuzzi G. Monogenic diseases that can be cured by liver
transplantation. J Hepatol 2013; 59: 595-612 [PMID: 23578885 DOI: 10.1016/j.jhep.2013.04.004]
Kotb MA, Hamza AF, Abd El Kader H, El Monayeri M, Mosallam DS, Ali N, Basanti CWS, Bazaraa H,
Abdelrahman H, Nabhan MM, Abd El Baky H, El Sorogy STM, Kamel IEM, Ismail H, Ramadan Y, Abd El
Rahman SM, Soliman NA. Combined liver-kidney transplantation for primary hyperoxaluria type I in
children: Single Center Experience. Pediatr Transplant 2019; 23: e13313 [PMID: 30475440 DOI:
10.1111/petr.13313]
Martínez Caballero J, Marcacuzco Quinto A, Justo Alonso I, Nutu OA, Manrique Municio A, Calvo
Pulido J, Cambra Molero F, Caso Maestro Ó, Jiménez Romero C. Liver-kidney simultaneous
transplantation in adult patients with primary hyperoxaluria. Rev Esp Enferm Dig 2018; 110: 82-87 [PMID:
29106285 DOI: 10.17235/reed.2017.5016/2017]
Mor E, Nesher E, Ben-Ari Z, Weissman I, Shaharabani E, Eizner S, Solomonov E, Rahamimov R, Braun
M. Sequential liver and kidney transplantation from a single living donor in two young adults with primary
hyperoxaluria type 1. Liver Transpl 2013; 19: 646-648 [PMID: 23526660 DOI: 10.1002/Lt.23642]
Franssen CF, Kema IP, Eleveld DJ, Porte RJ, Homan van der Heide JJ. Intra-operative continuous renal
replacement therapy during combined liver-kidney transplantation in two patients with primary
hyperoxaluria type 1. NDT Plus 2011; 4: 113-116 [PMID: 25984128 DOI: 10.1093/ndtplus/sfq216]
Alkhunaizi AM, Al-Sannaa NA, Raslan WF. Hyperoxaluria and rapid development of renal failure
following a combined liver and kidney transplantation: emphasis on sequential transplantation. JIMD Rep
2012; 3: 91-95 [PMID: 23430879 DOI: 10.1007/8904_2011_67]
Duclaux-Loras R, Bacchetta J, Berthiller J, Rivet C, Demède D, Javouhey E, Dubois R, Dijoud F, Lachaux
A, Badet L, Boillot O, Cochat P. Pediatric combined liver-kidney transplantation: a single-center experience
of 18 cases. Pediatr Nephrol 2016; 31: 1517-1529 [PMID: 27060059 DOI: 10.1007/s00467-016-3324-6]
Trotter JF, Milliner D. Auxiliary liver transplant is an ineffective treatment of primary hyperoxaluria. Am J
Transplant 2014; 14: 241 [PMID: 24330139 DOI: 10.1111/ajt.12535]
Onaca N, Sanchez EQ, Melton LB, Netto GJ, Glastad KA, Martin PA, Ueno T, Levy MF, Goldstein RM,
Klintmalm GB. Cadaveric orthotopic auxiliary split liver transplantation and kidney transplantation: an
alternative for type 1 primary hyperoxaluria. Transplantation 2005; 80: 421-424 [PMID: 16082341 DOI:
10.1097/01.tp.0000168147.88707.80]
Elias N, Kawai T, Ko DS, Saidi R, Tolkoff-Rubin N, Wicky S, Cosimi AB, Hertl M. Native portal vein
embolization for persistent hyperoxaluria following kidney and auxiliary partial liver transplantation. Am J
Transplant 2013; 13: 2739-2742 [PMID: 23915277 DOI: 10.1111/ajt.12381]
Knotek M, Maksimović B, Gunjača M, Mihovilović K, Ljubanović DG, Kocman B. Combined auxiliary
split liver and kidney transplantation for type I primary hyperoxaluria and end-stage kidney disease.

https://www.wjgnet.com

731

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

23
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

WJH

Nephrology (Carlton) 2014; 19: 814-815 [PMID: 25403990 DOI: 10.1111/nep.12325]
Jokiranta TS. HUS and atypical HUS. Blood 2017; 129: 2847-2856 [PMID: 28416508 DOI:
10.1182/blood-2016-11-709865]
Yan K, Desai K, Gullapalli L, Druyts E, Balijepalli C. Epidemiology of Atypical Hemolytic Uremic
Syndrome: A Systematic Literature Review. Clin Epidemiol 2020; 12: 295-305 [PMID: 32210633 DOI:
10.2147/CLEP.S245642]
Liszewski MK, Java A, Schramm EC, Atkinson JP. Complement Dysregulation and Disease: Insights from
Contemporary Genetics. Annu Rev Pathol 2017; 12: 25-52 [PMID: 27959629 DOI:
10.1146/annurev-pathol-012615-044145]
Bowen EE, Coward RJ. Advances in our understanding of the pathogenesis of hemolytic uremic
syndromes. Am J Physiol Renal Physiol 2018; 314: F454-F461 [PMID: 29167171 DOI:
10.1152/ajprenal.00376.2017]
Quan A, Sullivan EK, Alexander SR. Recurrence of hemolytic uremic syndrome after renal transplantation
in children: a report of the North American Pediatric Renal Transplant Cooperative Study. Transplantation
2001; 72: 742-745 [PMID: 11544443 DOI: 10.1097/00007890-200108270-00033]
Davin JC, Gruppen M, Bouts AH, Groothoff JW, van Amstel SP, Surachno J, ten Berge IJ, Weening JJ.
Relapse of atypical haemolytic uraemic syndrome after kidney transplantation: role of ATG and failure of
mycophenolate mofetil as rescue therapy. Nephrol Dial Transplant 1999; 14: 984-987 [PMID: 10328487
DOI: 10.1093/ndt/14.4.984]
Müller T, Sikora P, Offner G, Hoyer PF, Brodehl J. Recurrence of renal disease after kidney transplantation
in children: 24 years of experience in a single center. Clin Nephrol 1998; 49: 82-90 [PMID: 9524777 DOI:
10.1097/SLA.0b013e3181b16e24]
Miller RB, Burke BA, Schmidt WJ, Gillingham KJ, Matas AJ, Mauer M, Kashtan CE. Recurrence of
haemolytic-uraemic syndrome in renal transplants: a single-centre report. Nephrol Dial Transplant 1997;
12: 1425-1430 [PMID: 9249780 DOI: 10.1093/ndt/12.7.1425]
Bresin E, Daina E, Noris M, Castelletti F, Stefanov R, Hill P, Goodship TH, Remuzzi G; International
Registry of Recurrent and Familial HUS/TTP. Outcome of renal transplantation in patients with non-Shiga
toxin-associated hemolytic uremic syndrome: prognostic significance of genetic background. Clin J Am Soc
Nephrol 2006; 1: 88-99 [PMID: 17699195 DOI: 10.2215/CJN.00050505]
Remuzzi G, Ruggenenti P, Codazzi D, Noris M, Caprioli J, Locatelli G, Gridelli B. Combined kidney and
liver transplantation for familial haemolytic uraemic syndrome. Lancet 2002; 359: 1671-1672 [PMID:
12020532 DOI: 10.1016/S0140-6736(02)08560-4]
Jalanko H, Peltonen S, Koskinen A, Puntila J, Isoniemi H, Holmberg C, Pinomäki A, Armstrong E,
Koivusalo A, Tukiainen E, Mäkisalo H, Saland J, Remuzzi G, de Cordoba S, Lassila R, Meri S, Jokiranta
TS. Successful liver-kidney transplantation in two children with aHUS caused by a mutation in complement
factor H. Am J Transplant 2008; 8: 216-221 [PMID: 17973958 DOI: 10.1111/j.1600-6143.2007.02029.x]
Saland JM, Emre SH, Shneider BL, Benchimol C, Ames S, Bromberg JS, Remuzzi G, Strain L, Goodship
TH. Favorable long-term outcome after liver-kidney transplant for recurrent hemolytic uremic syndrome
associated with a factor H mutation. Am J Transplant 2006; 6: 1948-1952 [PMID: 16889549 DOI:
10.1111/j.1600-6143.2006.01375.x]
Saland JM, Shneider BL, Bromberg JS, Shi PA, Ward SC, Magid MS, Benchimol C, Seikaly MG, Emre
SH, Bresin E, Remuzzi G. Successful split liver-kidney transplant for factor H associated hemolytic uremic
syndrome. Clin J Am Soc Nephrol 2009; 4: 201-206 [PMID: 19005013 DOI: 10.2215/CJN.02170508]
Legendre CM, Licht C, Muus P, Greenbaum LA, Babu S, Bedrosian C, Bingham C, Cohen DJ, Delmas Y,
Douglas K, Eitner F, Feldkamp T, Fouque D, Furman RR, Gaber O, Herthelius M, Hourmant M, Karpman
D, Lebranchu Y, Mariat C, Menne J, Moulin B, Nürnberger J, Ogawa M, Remuzzi G, Richard T, SberroSoussan R, Severino B, Sheerin NS, Trivelli A, Zimmerhackl LB, Goodship T, Loirat C. Terminal
complement inhibitor eculizumab in atypical hemolytic-uremic syndrome. N Engl J Med 2013; 368: 21692181 [PMID: 23738544 DOI: 10.1056/NEJMoa1208981]
Licht C, Greenbaum LA, Muus P, Babu S, Bedrosian CL, Cohen DJ, Delmas Y, Douglas K, Furman RR,
Gaber OA, Goodship T, Herthelius M, Hourmant M, Legendre CM, Remuzzi G, Sheerin N, Trivelli A,
Loirat C. Efficacy and safety of eculizumab in atypical hemolytic uremic syndrome from 2-year extensions
of phase 2 studies. Kidney Int 2015; 87: 1061-1073 [PMID: 25651368 DOI: 10.1038/ki.2014.423]
Legendre CM, Campistol JM, Feldkamp T, Remuzzi G, Kincaid JF, Lommelé Å, Wang J, Weekers LE,
Sheerin NS. Outcomes of patients with atypical haemolytic uraemic syndrome with native and transplanted
kidneys treated with eculizumab: a pooled post hoc analysis. Transpl Int 2017; 30: 1275-1283 [PMID:
28801959 DOI: 10.1111/tri.13022]
Kato H, Nangaku M, Hataya H, Sawai T, Ashida A, Fujimaru R, Hidaka Y, Kaname S, Maruyama S,
Yasuda T, Yoshida Y, Ito S, Hattori M, Miyakawa Y, Fujimura Y, Okada H, Kagami S; Joint Committee
for the Revision of Clinical Guides of Atypical Hemolytic Uremic Syndrome in Japan. Clinical guides for
atypical hemolytic uremic syndrome in Japan. Pediatr Int 2016; 58: 549-555 [PMID: 27460397 DOI:
10.1111/ped.13044]
Claes KJ, Massart A, Collard L, Weekers L, Goffin E, Pochet JM, Dahan K, Morelle J, Adams B, Broeders
N, Stordeur P, Abramowicz D, Bosmans JL, Van Hoeck K, Janssens P, Pipeleers L, Peeters P, Van Laecke
S, Levtchenko E, Sprangers B, van den Heuvel L, Godefroid N, Van de Walle J. Belgian consensus
statement on the diagnosis and management of patients with atypical hemolytic uremic syndrome. Acta Clin
Belg 2018; 73: 80-89 [PMID: 29058539 DOI: 10.1080/17843286.2017.1345185]
Lee H, Kang E, Kang HG, Kim YH, Kim JS, Kim HJ, Moon KC, Ban TH, Oh SW, Jo SK, Cho H, Choi
BS, Hong J, Cheong HI, Oh D. Consensus regarding diagnosis and management of atypical hemolytic
uremic syndrome. Korean J Intern Med 2020; 35: 25-40 [PMID: 31935318 DOI: 10.3904/kjim.2019.388]
Campistol JM, Arias M, Ariceta G, Blasco M, Espinosa L, Espinosa M, Grinyó JM, Macía M, Mendizábal
S, Praga M, Román E, Torra R, Valdés F, Vilalta R, Rodríguez de Córdoba S. An update for atypical
haemolytic uraemic syndrome: diagnosis and treatment. Nefrologia 2015; 35: 421-447 [PMID: 26456110
DOI: 10.1016/j.nefro.2015.07.005]

https://www.wjgnet.com

732

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases
43

44

45
46

47

48
49

50
51

52

53
54
55

56

57

58

59
60
61

62

63
64

65

66
67

WJH

Coppo R, Bonaudo R, Peruzzi RL, Amore A, Brunati A, Romagnoli R, Salizzoni M, Galbusera M, Gotti E,
Daina E, Noris M, Remuzzi G. Liver transplantation for aHUS: still needed in the eculizumab era? Pediatr
Nephrol 2016; 31: 759-768 [PMID: 26604087 DOI: 10.1007/s00467-015-3278-0]
Cho H, Lee Y. Favorable long-term outcomes of isolated liver transplantation in a child with atypical
hemolytic uremic syndrome caused by a novel complement factor H mutation. Clin Nephrol 2017; 88: 5256 [PMID: 28502324 DOI: 10.5414/CN109138]
Orphanet. Complement component 3 deficiency. Orphanet encyclopedia, May 2020. [Cited May 5, 2020]
Available from: https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=en&Expert=280133
Goodship TH, Cook HT, Fakhouri F, Fervenza FC, Frémeaux-Bacchi V, Kavanagh D, Nester CM, Noris
M, Pickering MC, Rodríguez de Córdoba S, Roumenina LT, Sethi S, Smith RJ; Conference Participants.
Atypical hemolytic uremic syndrome and C3 glomerulopathy: conclusions from a "Kidney Disease:
Improving Global Outcomes" (KDIGO) Controversies Conference. Kidney Int 2017; 91: 539-551 [PMID:
27989322 DOI: 10.1016/j.kint.2016.10.005]
Botto M, Kirschfink M, Macor P, Pickering MC, Würzner R, Tedesco F. Complement in human diseases:
Lessons from complement deficiencies. Mol Immunol 2009; 46: 2774-2783 [PMID: 19481265 DOI:
10.1016/j.molimm.2009.04.029]
Alper CA, Johnson AM, Birtch AG, Moore FD. Human C'3: evidence for the liver as the primary site of
synthesis. Science 1969; 163: 286-288 [PMID: 4883617 DOI: 10.1126/science.163.3864.286]
Naughton MA, Botto M, Carter MJ, Alexander GJ, Goldman JM, Walport MJ. Extrahepatic secreted
complement C3 contributes to circulating C3 Levels in humans. J Immunol 1996; 156: 3051-3056 [PMID:
8609428]
Tang S, Zhou W, Sheerin NS, Vaughan RW, Sacks SH. Contribution of renal secreted complement C3 to
the circulating pool in humans. J Immunol 1999; 162: 4336-4341 [PMID: 10201966]
Nayagam JS, McGrath S, Montasser M, Delaney M, Cairns TD, Marchbank KJ, Denton H, Yang Y, Sacks
SH, Cook HT, Shah S, Heaton N, Pickering MC, Suddle A. Successful simultaneous liver-kidney
transplantation for renal failure associated with hereditary complement C3 deficiency. Am J Transplant
2020; 20: 2260-2263 [PMID: 31970896 DOI: 10.1111/ajt.15785]
Greulich T, Nell C, Hohmann D, Grebe M, Janciauskiene S, Koczulla AR, Vogelmeier CF. The prevalence
of diagnosed α1-antitrypsin deficiency and its comorbidities: results from a large population-based database.
Eur Respir J 2017; 49 [PMID: 27824593 DOI: 10.1183/13993003.00154-2016]
Patel D, Teckman JH. Alpha-1-Antitrypsin Deficiency Liver Disease. Clin Liver Dis 2018; 22: 643-655
[PMID: 30266154 DOI: 10.1016/j.cld.2018.06.010]
Kalfopoulos M, Wetmore K, ElMallah MK. Pathophysiology of Alpha-1 Antitrypsin Lung Disease.
Methods Mol Biol 2017; 1639: 9-19 [PMID: 28752442 DOI: 10.1007/978-1-4939-7163-3_2]
Graziadei I, Zoller H, Fickert P, Schneeberger S, Finkenstedt A, Peck-Radosavljevic M, Müller H, Kohl C,
Sperner-Unterweger B, Eschertzhuber S, Hofer H, Öfner D, Tilg H, Vogel W, Trauner M, Berlakovich G.
Indications for liver transplantation in adults : Recommendations of the Austrian Society for
Gastroenterology and Hepatology (ÖGGH) in cooperation with the Austrian Society for Transplantation,
Transfusion and Genetics (ATX). Wien Klin Wochenschr 2016; 128: 679-690 [PMID: 27590261 DOI:
10.1007/s00508-016-1046-1]
Loreno M, Boccagni P, Rigotti P, Naccarato R, Burra P. Combined liver-kidney transplantation in a 15year-old boy with alpha1-antitrypsin deficiency. J Hepatol 2002; 36: 565-568 [PMID: 11943431 DOI:
10.1016/s0168-8278(02)00012-0]
Benedetti E, Pirenne J, Troppmann C, Hakim N, Moon C, Gruessner RW, Sharp H, Matas AJ, Payne WD,
Najarian JS. Combined liver and kidney transplantation. Transpl Int 1996; 9: 486-491 [PMID: 8875792
DOI: 10.1007/BF00336827]
Elzouki AN, Lindgren S, Nilsson S, Veress B, Eriksson S. Severe alpha1-antitrypsin deficiency (PiZ
homozygosity) with membranoproliferative glomerulonephritis and nephrotic syndrome, reversible after
orthotopic liver transplantation. J Hepatol 1997; 26: 1403-1407 [PMID: 9210630 DOI:
10.1016/s0168-8278(97)80478-3]
Grenda R, Kaliciński P. Combined and sequential liver-kidney transplantation in children. Pediatr Nephrol
2018; 33: 2227-2237 [PMID: 29322327 DOI: 10.1007/s00467-017-3880-4]
Saeedi R, Li M, Frohlich J. A review on lecithin:cholesterol acyltransferase deficiency. Clin Biochem 2015;
48: 472-475 [PMID: 25172171 DOI: 10.1016/j.clinbiochem.2014.08.014]
Strøm EH, Sund S, Reier-Nilsen M, Dørje C, Leren TP. Lecithin: Cholesterol Acyltransferase (LCAT)
Deficiency: renal lesions with early graft recurrence. Ultrastruct Pathol 2011; 35: 139-145 [PMID:
21323422 DOI: 10.3109/01913123.2010.551578]
Althaf MM, Almana H, Abdelfadiel A, Amer SM, Al-Hussain TO. Familial lecithin-cholesterol
acyltransferase (LCAT) deficiency; a differential of proteinuria. J Nephropathol 2015; 4: 25-28 [PMID:
25657982 DOI: 10.12860/jnp.2015.05]
Anastasopoulou C. Lecithin-cholesterol acyltransferase (LCAT) deficiency. 2019. [Cited May 10, 2020]
Available from: https://emedicine.medscape.com/article/122958-overview
Panescu V, Grignon Y, Hestin D, Rostoker G, Frimat L, Renoult E, Gamberoni J, Grignon G, Kessler M.
Recurrence of lecithin cholesterol acyltransferase deficiency after kidney transplantation. Nephrol Dial
Transplant 1997; 12: 2430-2432 [PMID: 9394340 DOI: 10.1093/ndt/12.11.2430]
Horina JH, Wirnsberger G, Horn S, Roob JM, Ratschek M, Holzer H, Pogglitsch H, Krejs GJ. Long-term
follow-up of a patient with lecithin cholesterol acyltransferase deficiency syndrome after kidney
transplantation. Transplantation 1993; 56: 233-236 [PMID: 8333054 DOI:
10.1097/00007890-199307000-00047]
Stoynovska BB. Successful renal transplantation in a patient with familial lecithin:cholesterol
acyltransferase deficiency. Transpl Int 1992; 5: 187 [PMID: 1514967 DOI: 10.1007/bf00336608]
Ahmad SB, Miller M, Hanish S, Bartlett ST, Hutson W, Barth RN, LaMattina JC. Sequential kidney-liver
transplantation from the same living donor for lecithin cholesterol acyl transferase deficiency. Clin

https://www.wjgnet.com

733

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

68
69
70

71

72

73

74

75

76

77

78
79

80

81

82

83

84

85

86

87
88
89
90

91

WJH

Transplant 2016; 30: 1370-1374 [PMID: 27490864 DOI: 10.1111/ctr.12826]
Chen MA, Weinstein DA. Glycogen storage diseases: Diagnosis, treatment and outcome. Transl Sci Rare
Dis 2016; 1: 45–72 [DOI: 10.3233/TRD-160006]
Bali DS, Chen YT, Austin S, Goldstein JL. Glycogen Storage Disease Type I. Last Aug 2016 [Cited May
7, 2020] GeneReviews® [Internet] Available from: https://www.ncbi.nlm.nih.gov/books/NBK1312/
Rake JP, Visser G, Labrune P, Leonard JV, Ullrich K, Smit GP. Glycogen storage disease type I:
diagnosis, management, clinical course and outcome. Eur J Pediatr 2002; 161 Suppl 1: S20-S34 [PMID:
12373567 DOI: 10.1007/s00431-002-0999-4]
Kishnani PS, Austin SL, Abdenur JE, Arn P, Bali DS, Boney A, Chung WK, Dagli AI, Dale D, Koeberl D,
Somers MJ, Wechsler SB, Weinstein DA, Wolfsdorf JI, Watson MS; American College of Medical
Genetics and Genomics. Diagnosis and management of glycogen storage disease type I: a practice guideline
of the American College of Medical Genetics and Genomics. Genet Med 2014; 16: e1 [PMID: 25356975
DOI: 10.1038/gim.2014.128]
Arion WJ, Lange AJ, Walls HE, Ballas LM. Evidence for the participation of independent translocation for
phosphate and glucose 6-phosphate in the microsomal glucose-6-phosphatase system. J Biol Chem 1980;
255: 10396-10406 [PMID: 6253473]
Froissart R, Piraud M, Boudjemline AM, Vianey-Saban C, Petit F, Hubert-Buron A, Eberschweiler PT,
Gajdos V, Labrune P. Glucose-6-phosphatase deficiency. Orphanet J Rare Dis 2011; 6: 27 [PMID:
21599942 DOI: 10.1186/1750-1172-6-27]
Visser G, Rake JP, Fernandes J, Labrune P, Leonard JV, Moses S, Ullrich K, Smit GP. Neutropenia,
neutrophil dysfunction, and inflammatory bowel disease in glycogen storage disease type Ib: results of the
European Study on Glycogen Storage Disease type I. J Pediatr 2000; 137: 187-191 [PMID: 10931410 DOI:
10.1067/mpd.2000.105232]
Calderaro J, Labrune P, Morcrette G, Rebouissou S, Franco D, Prévot S, Quaglia A, Bedossa P, Libbrecht
L, Terracciano L, Smit GP, Bioulac-Sage P, Zucman-Rossi J. Molecular characterization of hepatocellular
adenomas developed in patients with glycogen storage disease type I. J Hepatol 2013; 58: 350-357 [PMID:
23046672 DOI: 10.1016/j.jhep.2012.09.030]
Chava SP, Singh B, Zaman MB, Rela M, Heaton ND. Current indications for combined liver and kidney
transplantation in adults. Transplant Rev (Orlando) 2009; 23: 111-119 [PMID: 19298942 DOI:
10.1016/j.trre.2009.01.005]
Faivre L, Houssin D, Valayer J, Brouard J, Hadchouel M, Bernard O. Long-term outcome of liver
transplantation in patients with glycogen storage disease type Ia. J Inherit Metab Dis 1999; 22: 723-732
[PMID: 10472532 DOI: 10.1023/a:1005544117285]
Poe R, Snover DC. Adenomas in glycogen storage disease type 1. Am J Surg Pathol 1988; 12: 477-483
[PMID: 2454037 DOI: 10.1097/00000478-198806000-00008]
Marega A, Fregonese C, Tulissi P, Vallone C, Gropuzzo M, Toniutto PL, Baccarani U, Bresadola F, Toso
F, Montanaro D. Preemptive liver-kidney transplantation in von Gierke disease: a case report. Transplant
Proc 2011; 43: 1196-1197 [PMID: 21620087 DOI: 10.1016/j.transproceed.2011.03.003]
Maya Aparicio AC, Bernal Bellido C, Tinoco González J, Garcia Ruíz S, Aguilar Romero L, Marín
Gómez LM, Suárez Artacho G, Alamo Martínez JM, Serrano Díez-Canedo J, Padillo Ruíz FJ, Gomez
Bravo MA. Fifteen years of follow-up of a liver transplant recipient with glycogen storage disease type Ia
(Von Gierke disease). Transplant Proc 2013; 45: 3668-3669 [PMID: 24314991 DOI:
10.1016/j.transproceed.2013.10.033]
Panaro F, Andorno E, Basile G, Morelli N, Bottino G, Fontana I, Bertocchi M, DiDomenico S, Miggino
M, Saltalamacchia L, Ghinolfi D, Bonifazio L, Jarzembowski TM, Valente U. Simultaneous liver-kidney
transplantation for glycogen storage disease type IA (von Gierke's disease). Transplant Proc 2004; 36:
1483-1484 [PMID: 15251364 DOI: 10.1016/j.transproceed.2004.05.070]
Labrune P, Trioche P, Duvaltier I, Chevalier P, Odièvre M. Hepatocellular adenomas in glycogen storage
disease type I and III: a series of 43 patients and review of the literature. J Pediatr Gastroenterol Nutr 1997;
24: 276-279 [PMID: 9138172 DOI: 10.1097/00005176-199703000-00008]
Demirci G, Becker T, Nyibata M, Lueck R, Bektas H, Lehner F, Tusch G, Strassburg C, Schwarz A,
Klempnauer J, Nashan B. Results of combined and sequential liver-kidney transplantation. Liver Transpl
2003; 9: 1067-1078 [PMID: 14526402 DOI: 10.1053/jlts.2003.50210]
Alfano G, Fontana F, Francesca D, Assirati G, Magistri P, Tarantino G, Ballarin R, Rossi G, Franceschini
E, Codeluppi M, Guaraldi G, Mussini C, Di Benedetto F, Cappelli G. Gastric Mucormycosis in a Liver and
Kidney Transplant Recipient: Case Report and Concise Review of Literature. Transplant Proc 2018; 50:
905-909 [PMID: 29573830 DOI: 10.1016/j.transproceed.2017.11.036]
Belingheri M, Ghio L, Sala A, Menni F, Trespidi L, Ferraresso M, Berardinelli L, Rossi G, Edefonti A,
Parini R. Combined liver-kidney transplantation in glycogen storage disease Ia: a case beyond the
guidelines. Liver Transpl 2007; 13: 762-764 [PMID: 17457869 DOI: 10.1002/Lt.21147]
Lee PJ, Muiesan P, Heaton N. Successful pregnancy after combined renal-hepatic transplantation in
glycogen storage disease type Ia. J Inherit Metab Dis 2004; 27: 537-538 [PMID: 15334735 DOI:
10.1023/b:boli.0000037397.39725.57]
Stokman M, Lilien M, Knoers N. Nephronophthisis. Jun 2016. [Cited May 7, 2020] GeneReviews®
[Internet] Available from: https://www.ncbi.nlm.nih.gov/books/NBK368475/
Srivastava S, Molinari E, Raman S, Sayer JA. Many Genes-One Disease? Front Pediatr 2017; 5: 287
[PMID: 29379777 DOI: 10.3389/fped.2017.00287]
Luo F, Tao YH. Nephronophthisis: A review of genotype-phenotype correlation. Nephrology (Carlton)
2018; 23: 904-911 [PMID: 29717526 DOI: 10.1111/nep.13393]
Zhang H, Luo J, Liu L, Li J, Fu Q, Chen W, Yang S, Shang W, Wang H, Deng R, Sun L, Zhu X, Wang C.
Transplantation for infantile nephronophthisis with loss-of-function mutation in NPHP3: Lesson from a
case. Pediatr Transplant 2018: e13233 [PMID: 29869359 DOI: 10.1111/petr.13233]
Udagawa T, Kamei K, Ogura M, Tsutsumi A, Noda S, Kasahara M, Fukuda A, Sakamoto S, Shigeta S,

https://www.wjgnet.com

734

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

92
93

94

95

96

97

98
99
100
101
102

103
104

105

106

107

108
109

110

111
112

113

114

115

WJH

Tanaka H, Kuroda T, Matsuoka K, Nakazawa A, Nagai T, Uemura O, Ito S. Sequential liver-kidney
transplantation in a boy with congenital hepatic fibrosis and nephronophthisis from a living donor. Pediatr
Transplant 2012; 16: E275-E280 [PMID: 22129440 DOI: 10.1111/j.1399-3046.2011.01611.x]
Goldenberg NA, Manco-Johnson MJ. Protein C deficiency. Haemophilia 2008; 14: 1214-1221 [PMID:
19141162 DOI: 10.1111/j.1365-2516.2008.01838.x]
Monagle K, Ignjatovic V, Hardikar W, Newall F, Monagle P. Long-term follow-up of homozygote protein
C deficiency after multimodal therapy. J Pediatr Hematol Oncol 2014; 36: e452-e455 [PMID: 24136027
DOI: 10.1097/MPH.0000000000000032]
Boucher AA, Luchtman-Jones L, Nathan JD, Palumbo JS. Successful liver transplantation for homozygous
protein C deficiency with a type II mutation using a heterozygous living related donor. Am J Hematol 2018;
93: 462-466 [PMID: 29218739 DOI: 10.1002/ajh.24998]
Angelis M, Pegelow CH, Khan FA, Verzaro R, Tzakis AG. En bloc heterotopic auxiliary liver and bilateral
renal transplant in a patient with homozygous protein C deficiency. J Pediatr 2001; 138: 120-122 [PMID:
11148525 DOI: 10.1067/mpd.2001.109199]
Casella JF, Lewis JH, Bontempo FA, Zitelli BJ, Markel H, Starzl TE. Successful treatment of homozygous
protein C deficiency by hepatic transplantation. Lancet 1988; 1: 435-438 [PMID: 2893866 DOI:
10.1016/s0140-6736(88)91231-7]
Lee MJ, Kim KM, Kim JS, Kim YJ, Lee YJ, Ghim TT. Long-term survival of a child with homozygous
protein C deficiency successfully treated with living donor liver transplantation. Pediatr Transplant 2009;
13: 251-254 [PMID: 18482214 DOI: 10.1111/j.1399-3046.2008.00972.x]
Puy H, Gouya L, Deybach JC. Porphyrias. Lancet 2010; 375: 924-937 [PMID: 20226990 DOI:
10.1016/S0140-6736(09)61925-5]
Ramanujam VS, Anderson KE. Porphyria Diagnostics-Part 1: A Brief Overview of the Porphyrias. Curr
Protoc Hum Genet 2015; 86: 17.20.1-17.20.26 [PMID: 26132003 DOI: 10.1002/0471142905.hg1720s86]
Fontanellas A, Ávila MA, Berraondo P. Emerging therapies for acute intermittent porphyria. Expert Rev
Mol Med 2016; 18: e17 [PMID: 27804912 DOI: 10.1017/erm.2016.18]
Harper P, Sardh E. Management of acute intermittent porphyria. Expert Opinion Orphan Drugs 2014; 2:
349-368 [DOI: 10.1517/21678707.2014.891456]
Sardh E, Wahlin S, Björnstedt M, Harper P, Andersson DE. High risk of primary liver cancer in a cohort of
179 patients with Acute Hepatic Porphyria. J Inherit Metab Dis 2013; 36: 1063-1071 [PMID: 23344888
DOI: 10.1007/s10545-012-9576-9]
Singal AK, Parker C, Bowden C, Thapar M, Liu L, McGuire BM. Liver transplantation in the management
of porphyria. Hepatology 2014; 60: 1082-1089 [PMID: 24700519 DOI: 10.1002/hep.27086]
Ajayi T, Ward R, Summers B, Byrns J, Kappus M, Choi S, Wilder J. Pathophysiology, pharmacology and
treatment of acute intermittent porphyria: a patient case description and recommendations from the current
literature. J Explor Res Pharmacol 2017; 2: 49-53 [DOI: 10.14218/JERP.2016.00022]
Dowman JK, Gunson BK, Mirza DF, Bramhall SR, Badminton MN, Newsome PN; UK Liver Selection
and Allocation Working Party. Liver transplantation for acute intermittent porphyria is complicated by a
high rate of hepatic artery thrombosis. Liver Transpl 2012; 18: 195-200 [PMID: 21618697 DOI:
10.1002/Lt.22345]
Turton-Weeks S, Barone GW, Gurley BJ, Ketel BL, Lightfoot ML, Abul-Ezz SR, Anderson KE.
Pretransplant evaluation of a patient with acute intermittent porphyria. Prog Transplant 2001; 11: 214-216
[PMID: 11949465 DOI: 10.7182/prtr.11.3.61965k72uq73v0vx]
Nunez DJ, Williams PF, Herrick AL, Evans DB, McColl KE. Renal transplantation for chronic renal failure
in acute porphyria. Nephrol Dial Transplant 1987; 2: 271-274 [PMID: 3118271 DOI:
10.1093/oxfordjournals.ndt.a091556]
Warholm C, Wilczek H. Renal transplantation in a case of acute intermittent porphyria. J Clin Pharmacol
2003; 43: 1158-1160 [PMID: 14517198 DOI: 10.1177/0091270003257223]
Wahlin S, Harper P, Sardh E, Andersson C, Andersson DE, Ericzon BG. Combined liver and kidney
transplantation in acute intermittent porphyria. Transpl Int 2010; 23: e18-e21 [PMID: 20028496 DOI:
10.1111/j.1432-2277.2009.01035.x]
Bylesjö I, Wikberg A, Andersson C. Clinical aspects of acute intermittent porphyria in northern Sweden: a
population-based study. Scand J Clin Lab Invest 2009; 69: 612-618 [PMID: 19401933 DOI:
10.1080/00365510902935979]
Manoli I, Sloan JL, Venditti CP. Isolated Methylmalonic Acidemia. 2016 Dec 1 [Cited May 7, 2020]
GeneReviews® [Internet] Available from: https://www.ncbi.nlm.nih.gov/books/NBK1231/
Dionisi-Vici C, Deodato F, Röschinger W, Rhead W, Wilcken B. 'Classical' organic acidurias, propionic
aciduria, methylmalonic aciduria and isovaleric aciduria: long-term outcome and effects of expanded
newborn screening using tandem mass spectrometry. J Inherit Metab Dis 2006; 29: 383-389 [PMID:
16763906 DOI: 10.1007/s10545-006-0278-z]
Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P, Mardinoglu A, Sivertsson Å, Kampf C,
Sjöstedt E, Asplund A, Olsson I, Edlund K, Lundberg E, Navani S, Szigyarto CA, Odeberg J, Djureinovic
D, Takanen JO, Hober S, Alm T, Edqvist PH, Berling H, Tegel H, Mulder J, Rockberg J, Nilsson P,
Schwenk JM, Hamsten M, von Feilitzen K, Forsberg M, Persson L, Johansson F, Zwahlen M, von Heijne
G, Nielsen J, Pontén F. Proteomics. Science 2015; 347: 1260419 [PMID: 25613900 DOI:
10.1126/science.1260419]
Nagarajan S, Enns GM, Millan MT, Winter S, Sarwal MM. Management of methylmalonic acidaemia by
combined liver-kidney transplantation. J Inherit Metab Dis 2005; 28: 517-524 [PMID: 15902554 DOI:
10.1007/s10545-005-0517-8]
Baumgartner MR, Hörster F, Dionisi-Vici C, Haliloglu G, Karall D, Chapman KA, Huemer M, Hochuli
M, Assoun M, Ballhausen D, Burlina A, Fowler B, Grünert SC, Grünewald S, Honzik T, Merinero B,
Pérez-Cerdá C, Scholl-Bürgi S, Skovby F, Wijburg F, MacDonald A, Martinelli D, Sass JO,
Valayannopoulos V, Chakrapani A. Proposed guidelines for the diagnosis and management of
methylmalonic and propionic acidemia. Orphanet J Rare Dis 2014; 9: 130 [PMID: 25205257 DOI:

https://www.wjgnet.com

735

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

116

117

118

119
120
121

122

123

124

125

126

127

128

129

130
131

132

133

134

135

136
137

138

WJH

10.1186/s13023-014-0130-8]
Vernon HJ, Sperati CJ, King JD, Poretti A, Miller NR, Sloan JL, Cameron AM, Myers D, Venditti CP,
Valle D. A detailed analysis of methylmalonic acid kinetics during hemodialysis and after combined
liver/kidney transplantation in a patient with mut (0) methylmalonic acidemia. J Inherit Metab Dis 2014;
37: 899-907 [PMID: 24961826 DOI: 10.1007/s10545-014-9730-7]
Sloan JL, Manoli I, Venditti CP. Liver or combined liver-kidney transplantation for patients with isolated
methylmalonic acidemia: who and when? J Pediatr 2015; 166: 1346-1350 [PMID: 25882873 DOI:
10.1016/j.jpeds.2015.03.026]
van 't Hoff WG, Dixon M, Taylor J, Mistry P, Rolles K, Rees L, Leonard JV. Combined liver-kidney
transplantation in methylmalonic acidemia. J Pediatr 1998; 132: 1043-1044 [PMID: 9627602 DOI:
10.1016/s0022-3476(98)70407-x]
Jiang YZ, Sun LY. The Value of Liver Transplantation for Methylmalonic Acidemia. Front Pediatr 2019;
7: 87 [PMID: 30949461 DOI: 10.3389/fped.2019.00087]
Levitsky J, Feng S. Tolerance in clinical liver transplantation. Hum Immunol 2018; 79: 283-287 [PMID:
29054397 DOI: 10.1016/j.humimm.2017.10.007]
Mc Guire PJ, Lim-Melia E, Diaz GA, Raymond K, Larkin A, Wasserstein MP, Sansaricq C. Combined
liver-kidney transplant for the management of methylmalonic aciduria: a case report and review of the
literature. Mol Genet Metab 2008; 93: 22-29 [PMID: 17964841 DOI: 10.1016/j.ymgme.2007.08.119]
Molema F, Williams M, Langendonk J, Darwish-Murad S, van de Wetering J, Jacobs E, Onkenhout W,
Brusse E, van der Eerden A, Wagenmakers M. Neurotoxicity including posterior reversible encephalopathy
syndrome after initiation of calcineurin inhibitors in transplanted methylmalonic acidemia patients: Two
case reports and review of the literature. JIMD Rep 2020; 51: 89-104 [PMID: 32071844 DOI:
10.1002/jmd2.12088]
Pillai NR, Stroup BM, Poliner A, Rossetti L, Rawls B, Shayota BJ, Soler-Alfonso C, Tunuguntala HP,
Goss J, Craigen W, Scaglia F, Sutton VR, Himes RW, Burrage LC. Liver transplantation in propionic and
methylmalonic acidemia: A single center study with literature review. Mol Genet Metab 2019; 128: 431-443
[PMID: 31757659 DOI: 10.1016/j.ymgme.2019.11.001]
Niemi AK, Kim IK, Krueger CE, Cowan TM, Baugh N, Farrell R, Bonham CA, Concepcion W, Esquivel
CO, Enns GM. Treatment of methylmalonic acidemia by liver or combined liver-kidney transplantation. J
Pediatr 2015; 166: 1455-61.e1 [PMID: 25771389 DOI: 10.1016/j.jpeds.2015.01.051]
Brassier A, Krug P, Lacaille F, Pontoizeau C, Krid S, Sissaoui S, Servais A, Arnoux JB, Legendre C,
Charbit M, Scemla A, Francoz C, Benoist JF, Schiff M, Mochel F, Touati G, Broué P, Cano A, Tardieu M,
Querciagrossa S, Grévent D, Boyer O, Dupic L, Oualha M, Girard M, Aigrain Y, Debray D, Capito C,
Ottolenghi C, Salomon R, Chardot C, de Lonlay P. Long-term outcome of methylmalonic aciduria after
kidney, liver, or combined liver-kidney transplantation: The French experience. J Inherit Metab Dis 2020;
43: 234-243 [PMID: 31525265 DOI: 10.1002/jimd.12174]
Kayler LK, Merion RM, Lee S, Sung RS, Punch JD, Rudich SM, Turcotte JG, Campbell DA Jr, Holmes R,
Magee JC. Long-term survival after liver transplantation in children with metabolic disorders. Pediatr
Transplant 2002; 6: 295-300 [PMID: 12234269 DOI: 10.1034/j.1399-3046.2002.02009.x]
Chan R, Mascarenhas L, Boles RG, Kerkar N, Genyk Y, Venkatramani R. Hepatoblastoma in a patient
with methylmalonic aciduria. Am J Med Genet A 2015; 167A: 635-638 [PMID: 25691417 DOI:
10.1002/ajmg.a.36925]
Critelli K, McKiernan P, Vockley J, Mazariegos G, Squires RH, Soltys K, Squires JE. Liver
Transplantation for Propionic Acidemia and Methylmalonic Acidemia: Perioperative Management and
Clinical Outcomes. Liver Transpl 2018; 24: 1260-1270 [PMID: 30080956 DOI: 10.1002/Lt.25304]
Overton DA, Shen CF. Comparison of four-drug discriminations in training compartments with four
identical levers vs four different responses manipulanda. Pharmacol Biochem Behav 1988; 30: 879-888
[PMID: 3227036 DOI: 10.1007/s12325-020-01305-1]
van't Hoff W, McKiernan PJ, Surtees RA, Leonard JV. Liver transplantation for methylmalonic acidaemia.
Eur J Pediatr 1999; 158 Suppl 2: S70-S74 [PMID: 10603103 DOI: 10.1007/pl00014326]
Giussani A, Ardissino G, Belingheri M, Dilena R, Raiteri M, Pasciucco A, Colico C, Beretta C. Posterior
reversible encephalopathy syndrome after kidney transplantation in pediatric recipients: Two cases. Pediatr
Transplant 2016; 20: 68-71 [PMID: 26607205 DOI: 10.1111/petr.12640]
Corno V, Lucianetti A, Stroppa P, Pinelli D, Gotti E, Bravi M, Rota G, Locatelli G, Codazzi D, Remuzzi G,
Colledan M. Pediatric liver-kidney transplantation: a single center experience [abstract]. Transpl Int 2011;
24: 318 (Abstract nr P-370)
Taner T, Heimbach JK, Rosen CB, Nyberg SL, Park WD, Stegall MD. Decreased chronic cellular and
antibody-mediated injury in the kidney following simultaneous liver-kidney transplantation. Kidney Int
2016; 89: 909-917 [PMID: 26924059 DOI: 10.1016/j.kint.2015.10.016]
O'Leary JG, Gebel HM, Ruiz R, Bray RA, Marr JD, Zhou XJ, Shiller SM, Susskind BM, Kirk AD,
Klintmalm GB. Class II alloantibody and mortality in simultaneous liver-kidney transplantation. Am J
Transplant 2013; 13: 954-960 [PMID: 23433356 DOI: 10.1111/ajt.12147]
Vandevoorde K, Ducreux S, Bosch A, Guillaud O, Hervieu V, Chambon-Augoyard C, Poinsot D, André P,
Scoazec JY, Robinson P, Boillot O, Dubois V, Dumortier J. Prevalence, Risk Factors, and Impact of DonorSpecific Alloantibodies After Adult Liver Transplantation. Liver Transpl 2018; 24: 1091-1100 [PMID:
29665189 DOI: 10.1002/Lt.25177]
Loupy A, Lefaucheur C. Antibody-Mediated Rejection of Solid-Organ Allografts. N Engl J Med 2018; 379:
1150-1160 [PMID: 30231232 DOI: 10.1056/NEJMra1802677]
Paterno F, Girnita A, Brailey P, Witte D, Wang J, Cuffy MC, Diwan T, Tremblay S, Revollo JY, Alloway
RR, Schoech MR, Anwar N, Shah SA, Woodle SE. Successful Simultaneous Liver-Kidney Transplantation
in the Presence of Multiple High-Titered Class I and II Antidonor HLA Antibodies. Transplant Direct
2016; 2: e121 [PMID: 27990486 DOI: 10.1097/TXD.0000000000000633]
Bunnapradist S, Abdalla B, Reddy U. Evaluation of Adult Kidney Transplant Candidates. In: Danovitch

https://www.wjgnet.com

736

October 27, 2020

Volume 12

Issue 10

Knotek M et al. Combined LKT for rare diseases

139

140

WJH

GM. Handbook of Kidney Transplantation. 6th edition. Wolters Kluwer, 2017: 207-239
Korbitz PM, Gallagher JP, Samant H, Singh S, Jophlin L, Ingviya T, Manatsathit W. Performance of
echocardiography for detection of portopulmonary hypertension among liver transplant candidates: Metaanalysis. Clin Transplant 2020; e13995 [PMID: 32485008 DOI: 10.1111/ctr.13995]
Lai JC, Sonnenday CJ, Tapper EB, Duarte-Rojo A, Dunn MA, Bernal W, Carey EJ, Dasarathy S, Kamath
BM, Kappus MR, Montano-Loza AJ, Nagai S, Tandon P. Frailty in liver transplantation: An expert opinion
statement from the American Society of Transplantation Liver and Intestinal Community of Practice. Am J
Transplant 2019; 19: 1896-1906 [PMID: 30980701 DOI: 10.1111/ajt.15392]

https://www.wjgnet.com

737

October 27, 2020

Volume 12

Issue 10

WJ H

World Journal of
Hepatology

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

World J Hepatol 2020 October 27; 12(10): 738-753

DOI: 10.4254/wjh.v12.i10.738

ISSN 1948-5182 (online)

MINIREVIEWS

Hepatocellular carcinoma Liver Imaging Reporting and Data Systems
treatment response assessment: Lessons learned and future
directions
Anum Aslam, Richard Kinh Gian Do, Avinash Kambadakone, Bradley Spieler, Frank H Miller, Ahmed M Gabr,
Resmi A Charalel, Charles Y Kim, David C Madoff, Mishal Mendiratta-Lala

ORCID number: Anum Aslam 00000001-6243-5286; Richard Kinh Gian
Do 0000-0002-6554-0310; Avinash
Kambadakone 0000-0001-6714-9190;
Bradley Spieler 0000-0002-73462885; Frank H Miller 0001-95069411; Ahmed M Gabr 0000-00016636-0189; Resmi A Charalel 00000001-9841-3839; Charles Y Kim
0000-0002-8687-1522; David C
Madoff 0000-0003-3461-437X;
Mishal Mendiratta-Lala 0000-00034055-916X.

Anum Aslam, Department of Radiology, University of Michigan, Ann Arbor, MI 48019, United
States
Richard Kinh Gian Do, Department of Radiology, Memorial Sloan Kettering Cancer Center,
New York, NY 10065, United States
Avinash Kambadakone, Abdominal Imaging and Interventional Radiology, Harvard Medical
School, Massachusetts General Hospital, Boston, MA 02114, United States
Bradley Spieler, Department of Radiology, Louisiana State University Health Sciences Center,
New Orleans, LA 70112, United States
Frank H Miller, Department of Radiology, Northwestern University Feinberg School of
Medicine, Northwestern University, Chicago, IL 60611, United States

Author contributions: Aslam A
analyzed the data and wrote the
manuscript; Do RKG,
Kambadakone A, Spieler B, Miller
FH, Gabr AM, Charalel RA,
Charalel RA, Kim CY, and Madoff
DC made critical revisions related
to important intellectual content of
the manuscript; Mendiratta-Lala M
analyzed the literature, wrote the
manuscript and made critical
revisions related to important
intellectual content of the
manuscript; and all authors have
read and approve the final
manuscript.

Conflict-of-interest statement:
Mendiratta-Lala M is funded from
National Institute of Health (NIH)
PO1 CA59827. Kim CY serves as a
consultant for Medical advisory
board Boston Scientific, Genentech;

WJH

Ahmed M Gabr, Department of Interventional Radiology, OHSU and Tanta University, Egypt,
Portland, OR 97239, United States
Resmi A Charalel, Department of Radiology, Weill Cornell Medicine, New York, NY 10065,
United States
Charles Y Kim, Department of Radiology, Duke University Medical Center, Duke University,
Durham, NC 27710, United States
David C Madoff, Department of Radiology and Biomedical Imaging, Yale School of Medicine,
New Haven, CT 06520, United States
Mishal Mendiratta-Lala, School of Medicine, 1500 East Medical Center Drive, University of
Michigan, Ann Arbor, MI 48109, United States
Corresponding author: Anum Aslam, MD, Assistant Professor, Department of Radiology,
University of Michigan, 1500 E. Medical Center Dr, Ann Arbor, MI 48019, United States.
aanum@med.umich.edu

Abstract
Hepatocellular carcinoma (HCC) is a leading cause of morbidity and mortality
worldwide, with rising clinical and economic burden as incidence increases. There
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are a multitude of evolving treatment options, including locoregional therapies
which can be used alone, in combination with each other, or in combination with
systemic therapy. These treatment options have shown to be effective in achieving
remission, controlling tumor progression, improving disease free and overall
survival in patients who cannot undergo resection and providing a bridge to
transplant by debulking tumor burden to downstage patients. Following
locoregional therapy (LRT), it is crucial to provide treatment response assessment
to guide management and liver transplant candidacy. Therefore, Liver Imaging
Reporting and Data Systems (LI-RADS) Treatment Response Algorithm (TRA)
was created to provide a standardized assessment of HCC following LRT. LIRADS TRA provides a step by step approach to evaluate each lesion
independently for accurate tumor assessment. In this review, we provide an
overview of different locoregional therapies for HCC, describe the expected post
treatment imaging appearance following treatment, and review the LI-RADS TRA
with guidance for its application in clinical practice. Unique to other publications,
we will also review emerging literature supporting the use of LI-RADS for
assessment of HCC treatment response after LRT.
Key Words: Hepatocellular carcinoma; Liver Imaging Reporting and Data Systems
Treatment Response Algorithm; Locoregional therapy; Liver Imaging Reporting and Data
Systems Treatment Response equivocal; Arterial phase hyper enhancement; Stereotactic
body radiotherapy
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Core Tip: Liver Imaging Reporting and Data Systems (LI-RADS) Treatment Response
Algorithm (TRA) provides a new framework to describe treatment response for each
individually treated hepatocellular carcinoma (HCC). Emerging evidence for its use in
clinical practice is promising for ablation and non-radiation arterial-based therapies (
i.e., transarterial chemoembolization). However, LI-RADS TRA should be applied
cautiously when assessing HCC treated with radiation-based therapies ( i.e.,
transarterial radioembolization, stereotactic body radiotherapy), in which early posttreatment persistent arterial phase hyperenhancement is common, and expected, and
can confound treatment response.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and
third leading cause of cancer related mortality worldwide[1]. The incidence of HCC
continues to rise in the United States[2], largely due to the increasing rate of cirrhosis
from obesity, alcohol use and chronic viral hepatitis[3]. Historically, curative treatment
options for HCC include liver transplantation, surgical resection or thermal ablation
for tumors less than 3 cm in size[4]. However, approximately 80% of patients are not
surgical candidates; for them, locoregional treatment (LRT) options include: Thermal
ablation [e.g., microwave ablation (MWA), radiofrequency (RFA), cryoablation],
percutaneous ethanol injection (PEI), transarterial chemoembolization (TACE),
transarterial bland embolization (TAE), transarterial radioembolization (TARE), and
stereotactic body radiotherapy (SBRT)[5-7]. LRT can be used alone, in combination with
each other, or in combination with systemic therapy, and has been shown to improve
disease-free and overall survival (OS) in patients who cannot undergo surgery[8-10].
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Furthermore, LRT can help prolong time to progression, extend survival, palliate
symptoms, keep lesions from progressing outside of Milan criteria to maintain liver
transplant candidacy (bridge to transplant), and convert non-transplant candidates to
transplant candidates based on Milan criteria (downstage to transplant)[11-13]. Treatment
decisions are usually made by a multidisciplinary liver tumor board, and depend on
various patient factors, including tumor location, size and multiplicity, disease stage,
liver function, performance status, technical feasibility and potential for future
transplant candidacy[14,15].
Following LRT, it is imperative to provide accurate treatment response assessment
to help guide clinical management. While numerous validated imaging based
treatment response classification systems exist, [i.e., European Association for the
Study of Liver Disease (EASL)[16], modified Response Evaluation Criteria in Solid
Tumors (mRECIST)][17], they are based on tumor response assessment at the patientlevel. However, HCC is unique in that tumors are often isolated to the liver, and LRT
can be used to target the tumor(s) directly. Different LRTs may also be performed to
different lesions within the same liver. Furthermore, liver transplant candidacy is
based on assessment of each lesion. Consequently, the Liver Reporting and Data
System (LI-RADS) Treatment Response Algorithm (TRA)[2], was created to provide a
standardized assessment of each HCC treated by LRT, a feature which makes this
treatment response classification unique to the existing ones. Furthermore, this allows
LI-RADS TRA to be more applicable from a clinical perspective in patient
management.
In this manuscript, we provide a brief overview of the various LRTs for HCC,
describe the expected post treatment imaging appearances after LRT, review the
definitions within the LI-RADS TRA and provide guidance for their use in clinical
practice. We will also review the emerging literature supporting LI-RADS for
assessment of HCC treatment response after LRT. This review is unique to other
publications because it provides a comprehensive overview of the LI-RADS TRA and
guidance for its application in clinical practice based on expected post treatment
imaging findings, as well as critically reviews current literature supporting this
algorithm.

LOCOREGIONAL THERAPIES FOR HCC
There are many treatment options for HCC, depending on stage of disease, as well as
other factors mentioned above. LRTs for liver limited disease have proliferated in
recent years, and are generally categorized as follows[18-20]: (1) Loco-ablative therapy:
Chemical ablation (PEI), physical ablation utilizing energy sources [Heat: RFA, MWA;
Cold: Cryoablation; Electrical: Irreversible electroporation (IRE)]; (2) Arterial based
therapy (non-radiation): TAE, conventional trans-arterial chemoembolization (cTACE),
drug eluting beads TACE (DEB-TACE); and (3) Radiation-based therapy: TARE and
SBRT.

Loco-ablative therapy
Historically, the first ablative therapy used for HCC was PEI, which consists of
injecting ethanol directly into the tumor under image guidance to achieve tumor death
via coagulative necrosis and ischemia[21]. Studies show that PEI has a high safety
profile, good overall efficacy, and low complication rates with complete necrosis of
small HCC tumors; however, limitations of PEI include the need for multiple
treatments[22]. In 1999, the first thermal ablation was performed with RFA, showing a
high safety profile, good overall efficacy, and 5 year survival rates similar to surgical
resection for tumors less than 3 cm in size[23]. Thermal ablation modalities, including
RFA and MWA, use energy at different frequencies to create high temperatures with
rapidly oscillating field strength via percutaneous insertion of electrodes
(RFA)/antennas (MWA) into the tumor through image guidance. This results in cell
death via coagulation necrosis[24]. Multiple randomized controlled trials have been
performed showing superiority of RFA to PEI in terms of OS, complete response (CR)
and local recurrence (LR)[25]. A recent meta-analysis demonstrated that RFA
significantly increases survival in patients with HCC by 3-years as compared with
PEI[26]. Although there is still a role for PEI in some cases where ablation is technically
challenging or cannot be performed safely, thermal ablation is much more commonly
performed worldwide.
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Arterial based therapy (non-radiation)
The goal of non-radiation arterial-based therapy is to prevent local progression in
intermediate and advanced stage HCC, as a form of palliative therapy or as a method
for downstaging/bridging to resection or transplant. By providing arterial delivery of
embolic material, either bland (TAE) or chemotherapy coated (cTACE/DEB-TACE), to
HCC via the hepatic artery, arterial inflow to the tumor is eliminated, resulting in cell
death[18,27,28]. When TACE is performed, tumor cell death (necrosis) occurs by two
mechanisms: Ischemic injury from arterial embolization and chemotoxic injury from
the administered chemotherapeutic agent[29]. Historically, TACE is indicated in nonsurgical patients with large multifocal HCC and Child-Pugh Score A without
extrahepatic spread[30]; although recently, the scope for using TACE has expanded, and
now includes treating small and/or solitary tumors. The presence of portal vein
obstruction by bland thrombus or intravascular tumor is a relative contraindication to
non-radiation arterial based therapy[31,32]; in this instance, both the arterial and portal
venous flow to the liver would be compromised, resulting in ischemia of the hepatic
parenchyma within the embolization zone[33]. Non-radiation based trans-catheter intraarterial therapies include: (1) Conventional TACE: Utilizes an emulsion of iodized oil
mixed with a chemotherapeutic agent followed by administration of gelatin sponge or
embolic microparticles to near complete stasis[34]; (2) DEB-TACE: Utilizes microspheres
coated with chemotherapeutic agent, which will elute into local tissues over time[35];
and (3) Bland TAE: Utilizes polyvinyl alcohol particles or microspheres to occlude the
arterial supply without a chemotherapeutic agent[36]. Multiple randomized control
studies have shown that neither TACE nor DEB-TACE improved tumor objective
response or provided survival benefit when compared to TAE[9,37,38]. However,
conventional TACE remains the current standard of care for unresectable intermediate
or advanced stage HCC in patients with preserved liver function based on BCLC
guidelines[39].

Radiation based therapy
TARE and SBRT are the most common radiation-based treatment modalities used
today[40]. As in any form of LRT, patient selection, including assessment of patient’s
disease burden, biochemical parameters and performance status, are critical to
determining which form of therapy is preferred. TARE is ideal if the disease is limited
to less than half of the liver[40]. Other lab parameters are also important for patient
selection, including bilirubin < 2 mg/dL and albumin > 3 g/dL[40,41]. TARE involves
injection of Y90 microspheres (20-60 microns in diameter) into the hepatic arteries,
which delivers targeted radiation[42]. Portal vein thrombus (bland or tumor) is not a
relative contraindication for TARE[41], since this form of intra-arterial therapy does not
result in arterial embolization[42].
SBRT consists of applying multiple tightly focused high energy beams of radiation
to treat HCC, allowing for the delivery of higher doses of radiation with relative
sparing of adjacent parenchyma when compared to other options, albeit with the
limitation of multiple treatment sessions over days.

HCC TREATMENT ASSESSMENT BASED ON LI-RADS TRA
Following LRT for HCC, cross-sectional imaging with multiphasic MRI and/or CT
(including pre contrast and dynamic arterial, portal venous and delayed phase
imaging) is routinely performed to assess treatment response and to identify new or
developing sites of disease in the untreated liver. Routine time intervals for follow-up
varies depending on institutional protocol, type of LRT performed, and transplant
status for patients being down staged or bridged. Most major transplant centers and
large institutions perform imaging 1-mo post-treatment, followed by imaging at 2-3
mo intervals. Imaging after radiation-based therapy (TARE/SBRT) begins 3 mo after
treatment and about every 3 mo thereafter. While the choice of imaging modality (CT
or MRI) can vary depending on patient factors and institutional preference, it is
important to try and maintain consistency in the modality and technique for imaging
performed before and after LRT. Accurate interpretation of post-treatment imaging is
essential for guiding further management decisions and requires comparison of posttreatment with pre-treatment imaging to appreciate the original tumor dimensions
and enhancement characteristics.
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EXPECTED POST TREATMENT IMAGING APPEARANCE
Imaging appearances of HCC after LRT will vary depending on the treatment
modality, with different expected findings for the various forms of therapy. Thus, it is
imperative to become aware of the expected treatment specific enhancement patterns
in order to prevent inaccurate interpretation of residual or recurrent neoplasm. While
the expected imaging appearances of the treated tumor are similar for ablation and
non-radiation arterial-based therapy, as tumoral necrosis is expected immediately after
LRT, imaging findings are distinct after radiation-based therapy (TARE and SBRT), as
tumoral necrosis develops over time.
The creation of an ablation margin of greater than 5-10 mm around the tumor is
considered essential for adequate ablation; thus, an ablation zone larger than the
original tumor dimension is an expected finding. Furthermore, the ablation zone
should not demonstrate residual enhancement because of the anticipated coagulation
necrosis and cell death within the treatment cavity; this frequently results in the
development of a central zone of hyper-intense signal on pre-contrast T1 weighted
MRI and a hyperdense appearance on unenhanced CT, both are expected posttreatment findings[43]. Subtraction (MRI) and non-contrast (CT) imaging are essential to
avoid interpreting these imaging characteristics as areas of arterial phase
hyperenhancement (APHE, Figure 1). Since the ablation zone represents devitalized
liver parenchyma and tumor, reporting measurements of the ablated zone is not
mandatory, rather, the residual nodular areas of enhancement suspicious for viable
tumor should be described.
A uniform thin peripheral rim of enhancement is an expected post-ablation finding.
Additionally, there can be geographic APHE within the parenchyma surrounding the
treatment zone, which usually resolves, but can persist on portal venous and delayed
phase imaging (Figure 1). APHE which resolves on portal venous and delayed phase
of imaging is referred to as transient hepatic intensity/attenuation difference
(THID/THAD), postulated to be secondary to arterioportal shunts created during
needle puncture or coagulated portal vein branches resulting in compensatory
increased arterial flow[44]. Over time, the ablation cavity is expected to involute and
stabilize in size. Imaging features suggestive of residual viable tumor post-treatment
include: Thick peripheral irregular nodular APHE with or without washout
appearance, “washout” alone, enhancement characteristics similar to pre-treatment
tumor, or discontinuity in the smooth thin peripheral rim of enhancement[45] (Figure 2).
As with ablation, non-radiation arterial-based therapies have a similar evolution of
post-treatment appearances. TAE and TACE create ischemic and/or cytotoxic effects
that result in cell necrosis; the tumor usually does not change in size early posttreatment, although rarely can slightly increase in size as a result of edema and
hemorrhage. As with ablation, the treated tumor should become immediately nonenhancing after transarterial therapy. Often, there is a pronounced surrounding
geographic enhancement pattern that persists on portal venous and delayed imaging,
which represents perfusional changes secondary to inflammation and arterial
embolization[17].
One unique transarterial post-treatment feature is seen when iodized oil is used for
embolization. In these instances, the treatment zone appears extremely hyperdense on
unenhanced CT, secondary to iodized oil deposition within and around the tumor,
limiting assessment for tumor viability on post contrast CT images[46]. Evidence does
suggest that the degree of iodized oil deposition within the tumor is an indicator of
tumor necrosis, thus could possibly be used as an indirect feature for tumor response
assessment; nonetheless, evaluation for residual tumoral enhancement is limited by
the hyperdense appearance of the iodized oil. The iodized oil is not apparent on MRI,
and thus MRI is preferred to evaluate for APHE in and around the treatment zone to
assess for recurrent/viable disease. Just as with ablation, locally recurrent or residual
viable HCC presents as irregular, nodular areas of APHE, APHE plus “washout”,
“washout” alone, or enhancement similar to the pretreatment tumor, within or along
the margin of the treated tumor (Figure 3). Some studies have reported that recurrence
after TACE and RFA could result in dedifferentiation into more aggressive infiltrative
tumor[47-49], which tends to have an atypical appearance on post-therapy imaging
(Figure 4); thus one must pay close attention for any changes in the treated tumor,
particularly in size.
Radiation-based therapies result in post-treatment imaging appearances distinct
from other therapies, particularly on the arterial phase of imaging. For example, early
after SBRT and TARE transient increases in tumor size can be seen. Furthermore,
tumor shrinkage is often delayed and slow, secondary to the cytostatic effects of
TARE[50]. Therefore, size measurements within 3-mo of treatment are not reliable for
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Figure 1 Spectrum of expected post treatment imaging appearances after successful LR TR Nonviable microwave ablation of LR 5
hepatocellular carcinoma in different patients. A: Hyperintense signal on pre-contrast T1 weighted image, which does not enhance (subtraction not shown);
B: Thin continuous smooth rim of enhancement surrounding the ablation zone on portal venous phase of imaging; C: Mild peri-tumoral ill-defined geographic areas of
arterial phase hyperenhancement within the parenchyma adjacent to the treatment cavity on arterial phase image, which becomes isoenhancing to the parenchyma
on delayed phase of imaging (not shown).

prediction of tumor response[18]. Enhancement patterns after TARE are also highly
variable, as successfully treated tumors can demonstrate a range of imaging findings,
including: (1) Persistent intra-tumoral APHE; (2) Geographic or nodular peri-tumoral
APHE; (3) Thin rim of peri-tumoral APHE, and (4) Complete lack of enhancement
(Figure 5). Of note, persistent central arterial hyperenhancement can be seen at 3 mo in
tumors that have been treated by TARE, specifically in cases that show progressive
decrease and eventual lack of enhancement over time from the delayed effects of
radiation therapy. Thus, evaluation of these tumors poses a diagnostic and
interpretation challenge. Key features suggestive of residual tumor after TARE
includes new or enlarging nodular or mass-like APHE within or around the treated
tumor and growth over time, particularly when identified more than 6 mo after
treatment. Care should be taken not to mistake TARE-related peri-tumoral perfusional
change with viable tumor. Close evaluation and comparison of the pre-treatment
imaging to identify the tumor margins is essential; additionally, peritumoral
parenchymal perfusion tends to be geographic in shape, and either persists on portal
venous and delayed phases of imaging or becomes isoenhancing to the remainder of
the hepatic parenchyma.
After SBRT, APHE with or without “washout” can persist for up to a year, and even
longer, but these imaging features gradually decrease over time[51] (Figure 6). Early
post treatment, geographic APHE surrounding the treated tumor is a common finding
and likely represents hyperemia; this eventually converts to progressive delayed phase
geographic enhancement, likely secondary to radiation fibrosis, usually with
associated findings of capsular retraction and peripheral intrahepatic biliary
dilatation[52]. The treated tumor should gradually decrease or stay stable in size during
the time period where treatment response is evolving (Figure 6). Imaging features
suggesting recurrent disease after SBRT include: Increase in size of the treated tumor
or new or increasing intensity of APHE after treatment[53]. Although the treated HCC
often demonstrates persistent APHE after SBRT, the degree, or intensity, of APHE
often decreases as it resolves. Thus, in treated HCC which originally demonstrates
persistent but decreasing degree of enhancement or resolution of enhancement, the
development of increasing intensity of enhancement or new APHE, is a feature
suggesting LR.

LI-RADS TRA
LI-RADS TRA was created to improve the consistency and standardization in
reporting treatment response after liver-directed therapy and, unlike other response
assessment systems, it has a distinct advantage of providing assessment on a lesionby-lesion basis, an approach which can potentially improve communications for
individualized management considerations. LI-RADS TRA is modelled after
mRECIST, as it primarily relies on post treatment APHE to identify viable tumor.
However, LI-RADS TRA is unique, because in addition to APHE, the definition of
viable tumor includes washout appearance or enhancement similar to that seen before
treatment. This may render this advantageous when interpreting treatment response
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Figure 2 Eighty-three-year old male with nonalcoholic steatohepatitis related cirrhosis presented with a 3.5 cm mass demonstrating
arterial phase hyperenhancement (APHE) (A) and “washout” (B), compatible with an LR-5 hepatocellular carcinoma; C: Pre-contrast T1
images 6 mo post microwave ablation demonstrate a hypointense nodular area along the anterior margin of the ablation cavity, with
thick irregular nodular APHE on arterial phase (D) and “washout” and “capsule” on portal venous phase (E), LR-TR Viable.

after radiation-based therapies in particular.
During image interpretation of treated HCC, each treated liver observation should
be reported separately according to the LR-TR categories[54]. Treatment response
categories include: “LR-TR Nonviable”, “LR-TR Equivocal” and “LR-TR Viable”. In
instances where technical limitation precludes characterization of the tumor, an “LRTR Nonevaluable” category can be assigned[2,55].

LR TR Nonviable
If a treated lesion exhibits no tumoral enhancement or only shows a treatment specific
enhancement pattern (which is unique for each LRT, such as thin rim enhancement
after ablation), an LR-TR Nonviable category can be assigned[54]. After ablation
(MWA/RFA/cryoablation/PEI/IRE) and non-radiation arterial-based therapies
(TAE/cTACE/DEB-TACE), a nonviable tumor category is assigned when there is
complete tumor devascularization, i.e., complete loss of APHE. One must carefully
evaluate the margins of the treated lesion for the presence of nodular or irregular
APHE and/or a discontinuous appearance of the thin rim of expected post-treatment
enhancement, which suggests viable disease.
In contradistinction, after SBRT and TARE, there is often, but not always, persistent
APHE and “washout” within the treated tumor, which can be seen for up to a year,
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Figure 3 Fifty-four-year old male with hepatitis C virus presents with 5.4 cm hepatocellular carcinoma in the right lobe of the liver
demonstrating arterial phase hyperenhancement on arterial phase of imaging (A), LR 5; 1 mo post-transarterial chemoembolization there
is significant residual viable enhancing tumor with areas of necrosis on arterial phase imaging (B), LR-TR Viable.

Figure 4 Seventy-three-year old woman with history of nonalcoholic steatohepatitis related cirrhosis presented with 1. 5 cm mass in
segment 8 with arterial phase hyperenhancement (APHE) (A) and washout (not shown), LR 5; 1 mo post transarterial chemoembolization (TACE) there is central
necrosis with a smooth rim of enhancement (a) (B); however, along the medial edge of the treatment cavity is new ill-defined APHE (arrow) (B) with washout (C), LR
TR Viable; 3 mo post re-TACE, there was interval development of infiltrative tumor with APHE on arterial phase (D), “washout” on portal venous phase (E) and T2W
hyperintensity (F). In addition, new tumor thrombus was seen in the right portal vein (E), LR TR Viable with tumor in vein.

and sometimes longer. This creates a diagnostic dilemma during image interpretation
since persistent APHE, albeit a treatment-specific expected appearance, denotes viable
disease for other LRTs. Lack of radiology-pathology correlation studies in patients
treated with SBRT for HCC limits interpretation of imaging features that translate to
true viability or nonviability. Despite early post-treatment APHE after radiation
therapy, this frequently resolves over time without additional therapy, and with
subsequent decrease in size of the treated lesion (Figure 6). Thus, early post-treatment,
a category of LR TR Viable may be misleading and result in unnecessary retreatment if
the referring clinician does not understand the time course for tumoral necrosis
resulting from radiation. Alternatively, even though APHE is an “expected” imaging
feature, categorization as LR TR Nonviable may also be inaccurate if there is ongoing
necrosis but residual viable tissue on pathology. Therefore, there is a current gap in
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Figure 5 Sixty-two-year old female with LR 5 hepatocellular carcinoma within segment 4a of the liver, demonstrating arterial phase
hyperenhancement (APHE) (A) and “washout” (B); 3 mo post transarterial radioembolization (TARE) there is persistent arterial phase
nodular enhancement (arrow) (C) with associated “washout” on portal venous phase (D) within the largely necrotic treatment cavity, LR
TR Equivocal; 6 mo post-TARE, the treatment cavity decreases in size and the nodular area of APHE is no longer identified on arterial
phase (E) and portal venous phase (F), LR TR Nonviable; geographic APHE in the surrounding parenchyma is compatible with postradiation changes (E and F).

knowledge in the application of LI-RADS TRA after radiation therapy, given the
absence of radiology-pathology correlation. Notably, this feature of APHE renders
TRA after radiation therapy a challenge with all existing treatment response
classification systems.

LR TR Viable
The LR-TR Viable category is considered if there is presence of nodular, mass-like or
thick irregular tissue within or along the treated tumor with any of the following
features: APHE, washout appearance or enhancement similar to pre-treatment
imaging[54]. After ablation or non-radiation arterial-based LRT, this is fairly
straightforward; however, for the reasons mentioned above, assigning LR-TR Viable to
lesions early after SBRT and TARE therapy remains a diagnostic challenge as APHE is
an expected post-treatment imaging finding that can evolve into nonviable disease on
subsequent exam[56]. The expected temporal evolution of HCC treated with radiationbased LRT results in decreasing degree/intensity of enhancement with a gradual
decrease in size. If there is new or increasing enhancement of the treated tumor or an
increase in size of the enhancing tumor post SBRT or TARE, then the LR TR Viable
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Figure 6 Fifty-eight-year old male presenting 3 mo post transarterial chemoembolization for follow up of a 7.2 cm LR 5 hepatocellular
carcinoma. Persistent thick nodular peripheral arterial phase hyperenhancement (APHE) of the treated tumor (A) with “washout” on portal venous phase (B), LR-TR
Viable. This lesion was subsequently treated with stereotactic body radiotherapy (SBRT). Three months post SBRT there is persistent APHE on arterial phase (C)
and “washout” on portal venous phase (D), with no change in size, LR-TR Viable or Equivocal. Six months post SBRT, there is decreasing size of the tumor to 6.3 cm
with decreasing APHE and increasing necrosis, albeit persistent APHE (E) and “washout” (F), LR-TR Equivocal. Fifteen months post SBRT, further decrease in size
to 5.1 cm, now with minimal residual APHE (G) and “washout” (H), LR-TR Nonviable.

category should be assigned.

LR-TR Equivocal
A unique aspect of the LI-RADS TRA is the addition of a novel category, LR TR
Equivocal. This category allows reporting of lesions when there is uncertainty in
viability or nonviability, allowing short-term follow-up for re-evaluation. This is
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particularly useful given the increasing complexity in post-treatment imaging
appearances, particularly after radiation-based therapies.
The LR-TR Equivocal category is defined as enhancement atypical for treatment
specific enhancement pattern and not meeting criteria for probably or definitely viable
tumor[54]. There are instances when imaging findings are equivocal following LRT,
particularly after arterial-based and radiation-based therapies, which also affect the
hepatic parenchyma adjacent to the targeted tumor. The result is the presence of
abnormal areas of APHE as a result of altered perfusion around the treated tumor,
which can mimic viable disease. In these cases, it may be prudent to assign an LR-TR
Equivocal category unless the perfusional alteration is clearly geographic in
appearance. While this category may result in increased frequency of follow-up
imaging, as well as the risk that viable tumor is left untreated, HCC is generally a slow
growing tumor with a double timing of 85.7-117 d[57,58]. Thus, a “wait and watch”
approach with 2-3 mo interval imaging can help distinguish true residual disease from
benign parenchymal perfusional alterations.

EMERGING EVIDENCE
While the LI-RADS TRA was designed to complement other existing treatment
response systems, its utility is limited, as it needs to be validated in clinical practice.
There have been a number of recent publications evaluating the performance of LIRADS TRA. These studies compare imaging to pathologic data, as well as measure the
reliability of the TRA categories with inter-reader studies.
Evidence from recent literature suggests moderate inter-reader agreement in
assigning LR-TR categories following LRT (ablation and non-radiation arterial-based
therapies) for HCC. Two recent studies, Cools et al[59] and Chaudhry et al[60], have
shown high inter-reader agreement in determining LR TR category after thermal
ablation (RFA/MWA), with an inter-reader reliability of 90% and 95% and kappa of
0.75 (Standard Error ± 0.09) and 0.71 (95%CI: 0.59-0.84), respectively. Inter-reader
agreements are slightly lower when comparing LR TR categorization after nonradiation arterial-based therapy for HCC. Seo et al[61], in which 78.6% of tumors were
treated with TACE and imaged with either CT or MRI and Shropshire et al[62] in which
all tumors were treated with TAE and imaging with MRI, reported kappas of 0.69 (CT)
and 0.56 (MRI), and 0.55, respectively. These differences in inter-reader agreement
between thermal ablation and arterial therapy is not surprising, since the expected
imaging appearance post-ablation is simpler compared to the often complex imaging
features seen after transcatheter arterial based therapies.
In addition to inter-reader reliability studies, validation studies evaluating the
sensitivity and specificity of LR TR algorithm to predict tumor necrosis with
radiology-pathology correlation are necessary. Chaudhry et al[60] reported that 81% of
HCC post-TACE which were categorized as LR-TR Nonviable demonstrate 100%
necrosis on pathology. Similarly, Shropshire et al[62], reported that 67%-71% of tumors
categorized as LR-TR Nonviable after TAE were 100% necrotic at pathology. The
reported incidence is not surprising, since the gold standard histopathology would call
anything less than 100% necrotic as viable disease. Thus, while microscopic viable
tumor is present in a moderate percentage of treated HCC that are deemed nonviable
based on imaging features, the clinical significance based on local tumor progression,
disease free survival and impact on OS are yet to be determined. Microscopic viable
tumor may be of little clinical significance, particularly since national and international
guidelines accept the presence of viable tumor, at a specific size threshold, in patients
undergoing transplantation. Although, post-liver transplant, achieving a complete
pathologic response has been shown to strongly predict tumor-free survival[63].
These studies also reported high sensitivity and specificities when evaluating the
radiology-pathology concordance with LR TR Viable categorization. Chaudhry et al[60]
report 73% of treated lesions characterized as viable disease had < 99% necrosis and
Shropshire et al[62] report 60%-65% of disease reported as LR TR viable had < 99%
necrosis.
The LR-TR Equivocal category has a relatively low sensitivity for predicting tumor
necrosis. Radiology-pathology correlation after thermal ablation report that 83% of
treated tumors categorized as LR TR Equivocal demonstrate viable neoplasm at
pathology; similarly, after TAE, 71% of treated lesions categorized as LR TR Equivocal
demonstrate viable neoplasm at pathology[60,62]. Seo et al[61] report that 93%-100% of the
HCC’s treated with TACE, RFA or in combination, which were categorized as LR-TR
Equivocal, demonstrated viable disease. All three studies thus report similar findings
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with a high percentage showing viable tumor at histopathology when treated tumor is
assigned LR-TR Equivocal category. When LR-TR Equivocal categorization was
treated as equivalent to viable disease in one study, sensitivity and specificity of
detecting viable disease increased from 40%-77% to 81%-85%, across readers[60]. As
previously mentioned, these findings are likely related to the ability of pathology to
determine microscopic viable tumor which is not evident on imaging. Of note, the
ACR LI-RADS manual states that the LR-TR categories were designed to help provide
a probability of the presence of viable tumor and do not correspond to histologic
viability; hence the presence of microscopic tumor cannot be excluded based on
imaging alone[54]. As mentioned above, the impact of microscopic viable HCC in the
setting of cirrhosis is yet to be determined in relation to a patient’s OS, disease free
survival and time to local progression. Although the results show that there is a high
rate of viable disease in the LR-TR Equivocal category, further data is needed before its
elimination as a concept.
The above studies include HCC treated only with thermal ablation or non-radiation
arterial-based therapies. As mentioned earlier, HCC treated with radiation-based
therapy has unique post-treatment imaging features of persistent APHE which
confounds image interpretation and can result in a high false positive rate of LR TR
Viable categorization. The current challenge is the limited number of studies
evaluating radiology-pathology correlation after radiation-based LRT. A study by
Mendiratta-Lala et al[64], in which 10 SBRT treated HCC’s had corresponding explant or
AFP values as a surrogate biomarker, reported imaging findings of persistent APHE
(4/10) and washout (9/10) at 12 mo, in which all of the treated HCC showed complete
tumor necrosis on explant pathology or normalization of AFP values. Moore et al[65]
evaluated the role of SBRT as bridge to liver transplantation for early stage inoperable
disease in a small cohort, and reported no SBRT-related mortality or recurrence.
Amongst the explants, there were 3 (27%) that showed CR, 6 (54.5%) pathological
partial response and 2 (18%) pathological stable disease. Currently, no inter-reader
agreement studies have been performed assessing LI-RADS treatment response
categories in patient treated with radiation-based therapies and explant pathology to
determine actual tumor necrosis. Similar gaps in knowledge are present for the use of
mRECIST in patients treated with SBRT.
Riaz et al[66] evaluated the degree of tumor necrosis on explant pathology in 37
lesions post TARE and found complete pathologic necrosis in 61% of the lesions, even
in the setting of residual nodular enhancement on imaging pre-transplant. Radiologic
findings of these treated lesions were compared to the pathologic findings to
determine the predictability of actual tumor necrosis by imaging. WHO and EASL
treatment response categories were assigned as CR in 78% and 100% of lesions at a
median time of 34 d (95%CI: 29-43) and 126 d (95%CI: 80.2-313.2), respectively. It was
also noted that the longer the time to liver transplant, the greater the degree of tumor
necrosis identified within the lesion, with the least percentage of tumor necrosis seen
in explants at 3 mo post TARE[66]. Thus, it is possible that residual APHE in the early
post TARE treatment period does correspond to some viable disease, but it is viable
disease that will decrease over time as the radiation effects progress. In this context,
LR-TR Equivocal may be the best option for TARE treated lesions in the first three
months of treatment. As mentioned previously, currently all of the treatment response
classification systems are limited in their ability to accurately assess treatment
response after radiation-based therapy given the persistence of APHE early posttreatment.

MANAGEMENT BASED ON LR-TR CATEGORIES
With the advent of different types of LRT for treatment of HCC, it is extremely
challenging to develop a dedicated management pathway that can be applicable to all
patients. Thus, while no specific management recommendations exist, LI-RADS TRA
provides lesion by lesion assessment which, when discussed in a multidisciplinary
setting, may allow improved communication and management in this cohort of
patients. However, unlike mRECIST, EASL, WHO and RECIST which have a
multitude of validating literature, the LR-TR algorithm is relatively new. Future
anticipated studies validating the LR-TR algorithm will therefore improve our ability
to create standardized guidelines for post treatment management and better predict
outcomes.
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CURRENT LIMITATIONS OF LI-RADS TRA
The main limitation of LI-RADS TRA is the small number validation studies, given its
recent introduction in 2017, although the published sensitivity/specificity for a subset
of LRTs is promising. Further studies investigating its use in tumors treated with
radiation-based therapy are sorely needed. Second, the LR TR algorithm is not yet
applicable to tumor treated with systemic and/or biologic therapy. Given that LRT is
increasingly used in combination with systemic therapy, this will remain a challenge
to address. Third, there is no dedicated post-treatment specific imaging follow-up
interval recommendation, partly due to the variable evolution of post treatment
necrosis after different forms of LRT, and institution-specific imaging protocol. Fourth,
the long-term utility of the LR-TR Equivocal category remains to be seen, given the
evidence that most LR-TR Equivocal lesions are viable in the studies published to date.

CONCLUSION
With the increasing incidence of HCC and the increasing number of LRTs available,
the complexity in assessing treatment response will also rise. Nevertheless, post
treatment imaging will always play a critical role in providing the clinician a road map
to direct further management. It is thus essential for diagnostic radiologists to
understand interpretation of post-treatment imaging findings specific to each form of
LRT. Current existing treatment response classification systems such as RECIST,
mRECIST, EASL and WHO are fraught with their own unique limitations when
assessing LRT for HCC, including lack of change in size post-treatment (thus
rendering RECIST and WHO limited), and persistent post-treatment enhancement
after radiation-based therapies (thus rendering mRECIST and EASL limited). LI-RADS
TRA provides a new framework to describe treatment response for each individual
lesion and the emerging evidence is promising for ablation and non-radiation based
arterial therapies. LI-RADS TRA should be used cautiously for radiation-based
therapies (TARE, SBRT) in which early post-treatment persistent APHE is common
and expected. Its current limitations will be addressed as future studies investigate its
performance and inform refinements of future versions.
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Abstract
Hepatitis C virus (HCV) infection is an excellent immunological model for
understanding the mechanisms developed by non-cytopathic viruses and tumors
to evade the adaptative immune response. The antigen-specific cytotoxic T cell
response is essential for keeping HCV under control, but during persistent
infection, these cells become exhausted or even deleted. The exhaustion process is
progressive and depends on the infection duration and level of antigenemia.
During high antigenic load and long duration of infection, T cells become
extremely exhausted and ultimately disappear due to apoptosis. The development
of exhaustion involves the impairment of positive co-stimulation induced by
regulatory cytokines, such as transforming growth factor beta 1. This cytokine
downregulates tumor necrosis factor receptor (TNFR)-associated factor 1
(TRAF1), the signal transducer of the T cell co-stimulatory molecule TNFR
superfamily member 9 (known as 4-1BB). This impairment correlates with the low
reactivity of T cells and an exhaustion phenotype. Treatment with interleukin-7 in
vitro restores TRAF1 expression and rescues T cell effector function. The process
of TRAF1 loss and its in vitro recovery is hierarchical, and more affected by severe
disease progression. In conclusion, TRAF1 dynamics on T cells define a new
pathogenic model that describes some aspects of the natural history of HCV, and
sheds light on novel immunotherapy strategies for chronic viral infections and
cancer.
Key Words: Hepatitis C virus; Tumor necrosis factor receptor-associated factor 1; CD8;
Exhaustion; Tumor necrosis family receptor superfamily member 9; Chronic hepatitis
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Core Tip: Tumor necrosis factor receptor-associated factor 1 (TRAF1) is the signal
transducer of the positive checkpoint tumor necrosis family receptor superfamily
member 9 (4-1BB), essential in the activation of adaptive immune response. During
persistent hepatitis C virus (HCV) infection, this transducer is down-regulated via
transforming growth factor beta 1, linked to T cell exhaustion. Interleukin-7 can restore
TRAF1 expression and improve T cell reactivity but only in patients with mild
evolution, while cases with a more aggressive progression also need the modulation of
other negative co-stimulatory molecules. Therefore, TRAF1 dynamics defines a new
pathogenic model that explains the different level of T cell exhaustion and progression
during HCV infection and supports the rationale for immunotherapeutic strategies in
chronic viral infections.

Citation: Peña-Asensio J, Sanz-de-Villalobos E, Miquel J, Larrubia JR. Tumor necrosis family
receptor superfamily member 9/tumor necrosis factor receptor-associated factor 1 pathway on
hepatitis C viral persistence and natural history. World J Hepatol 2020; 12(10): 754-765
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/754.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.754

INTRODUCTION
Hepatitis C virus (HCV) evolution is heterogenous as a result of the particular
interplay between the virus and the immune system[1]. The outcome of the fight
between host and pathogen depends on the balance of the host-microbe interaction,
which causes varying degrees of progressive liver damage[2-5]. The fine-tuning of this
equilibrium can induce either rapid or slow disease progression, which depends on
the degree of impairment of the adaptive immune system[6]. During persistent noncytopathic viral infection, the antigen (Ag)-specific T cell response is exhausted and
unable to clear infection despite achieving partial viral control[7,8]. The correct
activation of this response relies on the interaction with Ag-presenting cells
(commonly known as APCs) in the proper cytokine environment with the right costimulation[1,9,10]. Non-cytopathic viruses manipulate T cell co-stimulation for their own
benefit, favoring the induction of negative co-stimulatory receptors and inhibiting
positive co-stimulatory pathways[11-13]. Tumor necrosis factor receptor (TNFR)
superfamily member 9 (4-1BB) is a TNFR-associated factor 1 (TRAF1)-binding
checkpoint molecule that is normally absent from resting cells but is induced by T cell
receptor (TCR) signaling[14]. It is a positive activator of the T cell response, which is key
during viral infection and cancer. TRAF1 is the major signal transducer after 4-1BB
triggering[15], and its downregulation on T cells is used by pathogens as a mechanism
to evade specific adaptive immune responses[2,16].
In this review, we present an update on the current knowledge of the role of the 41BB/TRAF1 pathway in the outcome of HCV infection, and how it can be manipulated
to overcome T cell exhaustion. Although this immunotherapeutic strategy is no longer
needed in the era of direct acting anti-viral (commonly referred to as DAA)
medications[17,18], lessons obtained from this persistent infection model can be
extrapolated to other viral infections, such as hepatitis B virus (known as HBV) and
human immunodeficiency virus (HIV), or cancer.

ROLE OF T CELLS IN THE NATURAL HISTORY OF HCV
HCV is a highly variable, positive-sense, single-stranded hepatotropic non-cytopathic
RNA virus of the family Flaviviridae [19,20], with parenteral, vertical, and sexual
transmission capacities[21]. HCV induces progressive liver damage that can lead to
chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma[3,22]. About one-third of
patients spontaneously clear the virus but in the remaining two-thirds, the infection
persists unless an anti-viral treatment is administered[5]. Currently, the infection is
easily controlled by using DAA drugs[17]. Nevertheless, it is still possible to learn from
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HCV about the host-pathogen interaction in chronic viral diseases, which can be
applied to other chronic viral infections and cancer.
During the natural history of untreated, persistent HCV infection, there are three
different progression groups: Slow, mild, and rapid fibrosers. Slow fibrosers do not
develop significant fibrosis during their life, whereas rapid fibrosers can progress to
cirrhosis, portal hypertension, or hepatocellular carcinoma in as quickly as 10-20 years
after primoinfection[23]. Host factors such as sex, age of infection, alcohol consumption,
co-infection with HIV or HBV, steatosis, and insulin resistance[23,24], as well as the
quality of the adaptive immune response[1], are involved in the different evolution
patterns of HCV. HCV-specific cytotoxic T cells play a central role in controlling HCV
infection[25,26]. During persistent HCV infection, however, the cytotoxic T cell response
becomes dysfunctional, with cells presenting markers of exhaustion and
apoptosis[27-30]. Nevertheless, these HCV-specific CD8 T cells can still partially control
viral replication[31].
Interestingly, it is not HCV-specific CD8 T cells but other inflammatory cells
recruited to the infected liver that are ultimately responsible for persistent liver
damage[32,33] (Figure 1). Therefore, long-lasting infection linked to a weak CD8-specific
T cell response can induce permanent non-specific inflammatory infiltrates that can
promote the rapid progression of liver fibrosis[33,34]. In fact, a high level of prolonged
antigenemia induces a hierarchical loss of effector functions and ultimate apoptosis of
T cells[35]. During persistent HCV infection, the level of specific T cell impairment
positively correlates with the speed of liver fibrosis progression. These data suggest
that stronger T cell exhaustion may facilitate rapid fibrosis progression. In support,
rapid fibrosers with long-lasting infection lack detectable peripheral HCV-specific
cytotoxic T cells, which although exhausted, are present in slow fibrosers and shortterm disease[2]. Consequently, it may be possible to restore specific T cell responses to
improve viral control, and in addition, to prevent liver damage by reducing proinflammatory chemokines and cytokines secreted in the infected liver.
During chronic hepatitis C, some pro-fibrogenic and immunoregulatory cytokines,
such as transforming growth factor beta 1 (TGF-β1) are increased. In vitro analysis has
shown that after Ag encounter, HCV-specific CD8 T cells secrete TFG-b1, which is
linked to effector dysfunction and can be rescued by anti-TGF-β1 blocking
antibodies[36]. Moreover, HCV itself is able to induce liver cells to express TGF-β1, and
the number of TGF-β1-secreting regulatory T cells is also enhanced during chronic
hepatitis C infection[37,38]. Among its immunoregulatory properties, TGF-β1 has been
linked with the negative modulation of the positive co-stimulatory checkpoint 41BB/TRAF1 in some chronic viral infections, such as those by HIV, HCV, and
lymphocoriomeningitis virus[2,16].
In the next sections of this review, this specific pathogenic axis will be discussed in
detail.

4-1BB/TRAF1 PATHWAY
4-1BB, also called CD137, is a co-stimulatory checkpoint that is predominantly
expressed on activated CD8 T cells and natural killer cells[39], and in lower levels on
CD4 T cells, dendritic cells, granulocytes, and mast cells[40]. It binds to 4-1BB-ligand (41BBL, CD137L, or L/TNFR9), which is present on such APCs as activated B cells,
dendritic cells, and macrophages[41]; the 4-1BB/TRAF1 pathway is shown in Figure 2.
4-1BBL trimer has a three-bladed propeller structure and binds to three 4-1BB receptor
monomers[42]. 4-1BB translocates to the membrane after Ag encounter on CD8+ T
cells[43], recruiting the TRAF family members TRAF1, 2, and 3[44]. Signaling through the
4-1BB receptor depends on the association with TRAF1 and 2 molecules, as evidence
shows that the lack of any of them blocks 4-1BB/4-1BBL downstream transduction[16,45].
TRAF 1, 2, and 3 can form heterodimers and interact with adaptor proteins (i.e.,
ubiquitin ligases, proteases, kinases), creating a three-dimensional structure complex
where enzymatic processes can be carried out[46]. TRAF1 differs from the other
members of its family, as it lacks the N-terminal RING finger domain, which prevents
it from acting as an E3 ubiquitin ligase. However, TRAF1 acts as a bridge between a
wide range of adaptor proteins, regulating their activity[47] and interacting with several
TNFR members, prompting their stimulation or inhibition. TRAF1 has a role in T cell
activation through the canonical nuclear factor-kappa B (NF-κB) pathway and an
alternate pathway. These two different mechanisms of action regulate the physiology
of T cells. In the canonical pathway, TRAF1 is inducible after cell activation through
NF-κB[48], and is present in a restricted group of cells in which activated lymphocytes
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Figure 1 Theoretical model of liver damage during chronic viral hepatitis due to non-specific inflammatory infiltrate. Left-side: Depiction of an
efficient hepatitis C virus (HCV)-specific cytotoxic T cell (CTL) controlling HCV in the liver; Right-side: Depiction of HCV-specific exhausted CTLs unable to control
HCV replication. Hepatocytes steadily secrete chemokines that attract specific and non-specific infiltrate, the latter of which is responsible for liver damage. CTL:
Cytotoxic T cell; HCV: Hepatitis C virus.

are included[49]. TRAF1 regulates survival signals mediated by TRAF2, modulating
their ability to mediate sustained activation of NF-κB and c-Jun N-terminal kinase[50].
Specifically, TRAF1 is implicated in extracellular signal-regulated kinase (ERK)
activation mediated by leukocyte-specific protein 1[51].
ERK phosphorylates Bim, eliciting its elimination by the proteasome and abrogating
its anti-apoptotic effects[52]. The formation of two heterotrimers TRAF1:TRAF2 results
in the recruitment of cellular inhibitor of apoptosis protein (cIAP) as well as the
interaction with other adaptor proteins and protein kinases, which leads to activation
of the NF-κB pathway[53]. TRAF2 can also dimerize to activate E3 ubiquitin ligases
through their RING finger domains. Evidence indicates that the interactions among
different TRAFs heterodimers allow them to adopt an octagonal superstructure where
many 4-1BB/4-1BBL act simultaneously. This structure has been called the 4-1BB
signalosome and could provide a model to design novel 4-1BB analogues as
immunotherapeutic strategy[46]. Downstream signaling leads to the phosphorylation of
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Figure 2 Tumor necrosis family receptor superfamily member 9/tumor necrosis factor receptor-associated factor 1 signaling complex.
Schematic representation of tumor necrosis family receptor (TNFR) superfamily member 9 (4-1BB) signaling pathways, indicating the interaction between the trimeric
4-1BB ligand presented by the antigen presenting cell and the three molecules of the receptor 4-1BB. The signal transduction occurs through tumor necrosis factor
receptor-associated factor (TRAF) 1. Representative combinations of TRAF1, 2, and 3 and their interactions with adaptor proteins are presented. Canonical activation
of nuclear factor kappa B (NF-κB) leads to the activation of naïve T cells, which differentiate into effector cells and proliferate after antigen encounter. Non-canonical
NF-κB bestows proliferation and survival of effector cells and also drives the generation and maintenance of memory T cells in a delayed manner. APC: Antigenpresenting cell; 4-1BB: Tumor necrosis family receptor superfamily member 9; 4-1BBL: 4-1BB-ligand; TRAF: Tumor necrosis factor receptor-associated factor; cIAP:
Cellular inhibitor of apoptosis protein; ERK: Extracellular signal-regulated kinase; MKK: Mitogen-activated protein kinase kinase; IKK: Inhibitory kappa B kinase;
MAPK: Mitogen-activated protein kinases; NF-κB: Nuclear factor kappa B; Mcl-1: Myeloid leukemia cell differentiation protein.

inhibitor of kappa B kinase subunit β and subsequent activation of canonical NF-κB[54],
ERK1/2[55], and p38 mitogen-activated protein kinase[56]. Collectively, this 4-1BBdependent modulation results in CD8 T cell proliferation and survival.
When TNFR signaling is active, TRAF1 also engages the non-canonical NF-κB
pathway by degrading TRAF3[54,57,58]. Initiation of the non-canonical NF-κB pathway is
delayed with respect to the canonical one, which may play a role in T cell activation
and memory differentiation[56]. Thus, in contrast to the rapid and transient activation of
the canonical NF-κB pathway, activation of the non-canonical NF-κB pathway is
characteristically slow and persistent. On the other hand, TRAF1 also regulates the
canonical pathway by preventing TRAF2 degradation or enhancing cIAP recruitment,
degrading NF-κB-inducing kinase, which is necessary for activation of the alternate
NF-κB pathway[14,58]. Therefore, TRAF1 is a key transducer involved in initial T cell
activation and proliferation by the canonical NF-κB pathway, but also in the
generation of the memory and effector pool in a delayed manner through the noncanonical NF-κB pathway[54,56].
Figure 2 summarizes the different pathways involved in 4-1BB signaling.
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4-1BB/TRAF1 AND SPECIFIC CYTOTOXIC T CELL RESPONSE
Cytotoxic T cells carry out an essential task in non-cytopathic virus control[59,60]. This
population is able to recognize infected cells and clear the virus by cytopathic and
non-cytopathic mechanisms. Follow-up of healthcare workers after accidental
needlestick HCV exposure showed that in those who naturally controlled the virus,
HCV-specific CD8 T cells initially destroyed some hepatocytes but later removed the
virus by releasing interferon-g[60]. These immune cells become activated by the
combination of three different signals. First of all, the interaction between the APC and
the TCR is necessary[61]. Thereafter, the interleukin (IL)-2 receptor is upregulated and
its subsequent activation promotes T cell proliferation[62]. These two signals must be
combined with the activation of early and late positive co-stimulatory checkpoints.
Early positive co-stimulatory CD27 and CD28 counteract the inhibitory effects of
negative checkpoints such as programmed cell death protein-1 (PD-1)[63-65]. Late
positive co-stimulatory molecules such as 4-1BB play an important role in boosting the
T cell response and inducing memory generation[14,66].
The 4-1BB/TRAF1 pathway promotes T cell memory formation[67] and survival[55,68]
but also regulates effector T cell trafficking into the infected organ[69]. The triggering of
this pathway can also improve T cell effector function by mitochondrial morphological
and functional reprogramming[12,70,71]. Noteworthy, 4-1BB co-stimulation activates
glucose and fatty acid metabolism to enhance CD8 T cell reactivity[72]. As noted above,
the role of 4-1BB in T cell survival is mainly mediated via ERK by the downregulation
of the pro-apoptotic protein Bim[55,73,74]. Thus, pharmacological intervention of this
pathway can improve the T cell response by increasing survival and reactivity.
Tumors and persistent viral infections counter positive co-stimulation by early
induction of negative checkpoints and inhibition of the positive checkpoints[7]. During
non-cytopathic persistent viral infections, specific CD8 T cells are characterized by the
expression of negative co-stimulatory molecules such as PD-1, T cell immunoglobulin
and mucin-domain containing-3, and cytotoxic T-lymphocyte protein 4[11,27,75]. In
addition, these viruses can impair downstream signaling of 4-1BB by causing the loss
of its signal transducer TRAF1[16], which explains why positive immunotherapeutic
modulation of 4-1BB has failed to boost the virus-specific CD8 T cell response[76].
During chronic lymphocytic choriomeningitis virus infection in mice, TRAF1 Loss on
specific CD8 T cells is caused by TGF-β1-induced TRAF1 degradation, and this effect
can be counter-regulated by common-g chain receptor cytokines, such as IL-7[16].
Interestingly, similar data have been reported for some human infections.
Particularly, in chronic progressors during HIV infection, TRAF1 expression is lower
than in elite controllers[16]. T cells from those elite controllers are more active in
controlling HIV-infected cells and the process is correlated with TRAF1-mediated Bim
downregulation. Indeed, the T cell response during HCV infection shares many
features with HIV, and consequently, TRAF1 signaling could also be involved in HCVspecific T cell exhaustion, as will be discussed in the next section.

TRAF1 INVOLVEMENT IN HCV T CELL EXHAUSTION
Exhausted HCV-specific cytotoxic T cells are characterized by the high expression of
negative checkpoint proteins, such as PD-1, and low expression of the IL-7 receptor
CD127[27] (Figure 3). Lack of CD127 makes these cells less sensitive to the pro-survival
cytokine IL-7, which stabilizes the anti-apoptotic protein myeloid leukemia cell
differentiation protein (Mcl-1)[28] (Figure 3). IL-7/IL-7R signaling positively regulates
Mcl-1 via signal transducer and activator of transcription 5[77] but also increases TRAF1
level[16] (Figure 4). As previously stated, 4-1BB/TRAF1 also counters Bim via ERK
signaling[55] (Figure 4). Moreover, during persistent HCV infection, TGF-β1 Level is
increased, and this cytokine downregulates TRAF1 expression on T cells. Hence,
during HCV infection, the combination of low IL-7 sensitivity linked to the higher
TGF-β1 Level could be the “perfect storm” to desensitize 4-1BB signaling via TRAF1
Loss. This suggests that, as in HIV infection[16], the loss of TRAF1 in HCV-specific CD8
T cells during chronic hepatitis C is central to the aforementioned imbalance between
Bim and Mcl-1[28] (Figures 2 and 3). Therefore, HCV-specific T cells could be poorly
reactive and prone to apoptosis due to the lack of signaling by IL-7 and 4-1BB.
TGF-β1 Levels are increased during persistent HCV infection[2,36,37] and there is low
IL-7 receptor expression on T cells. TRAF1 is positively and negatively regulated by
IL-7 and TGF-β1, respectively[16]. With this in mind, we hypothesize that high TGF-β1
Level during HCV infection could downregulate TRAF1, impairing 4-1BB signaling
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Figure 3 Mechanisms involved in T cell exhaustion and apoptosis during persistent hepatitis C virus infection. Scheme showing positive and
negative checkpoints and proteins involved in CD8 T cell reactivity and apoptosis during hepatitis C virus infection. In TextTitle are highlighted the pathways
discussed in the current review. HCV: Hepatitis C virus; 4-1BB: Tumor necrosis family receptor superfamily member 9; TRAF: Tumor necrosis factor receptorassociated factor; GITR: Glucocorticoid-induced tumor necrosis factor receptor-related protein; CTL: Cytotoxic T lymphocyte; Neg: Negative; Pos: Positive; PD-1:
Programmed cell death protein-1; Mcl-1: Myeloid leukemia cell differentiation protein; IL: Interleukin.

and upregulating Bim. Furthermore, low CD127 expression on HCV-specific CD8 T
cells would also reduce Mcl-1 Levels. The combination of low Mcl-1 and high Bim
levels would synergize to negatively affect T cell proliferation, cytotoxicity, and
survival (Figure 4).
To test this hypothesis, our group detected TRAF1 expression directly ex vivo on
HCV-specific CD8 T cells from chronically-infected and treated patients. As was
expected, those individuals with persistent viral replication had lower TRAF1
expression than HCV controllers[2]. Moreover, TRAF1 expression was inversely
correlated with the exhausted and pro-apoptotic phenotypes and directly correlated
with T cell reactivity. Low TRAF1 expressing T cells were PD-1high, Mcl-1low, and
CD127low, and did not expand after Ag encounter. Analysis of the supernatants of Agspecific T cell cultures showed that those cases with less proliferative potential had
higher levels of TGF-β1. Moreover, a negative correlation was also observed between
serum TGF-β1 Level and TRAF1 expression on Ag-specific CD8 T cells. Furthermore,
TGF-β1 in vitro treatment of HCV-specific CD8 T cells from resolvers induced TRAF1
downregulation, and this effect was counteracted by IL-7 treatment. Although the
CD127 expression level is low in the effector progeny subset, the low frequency
progenitor pool still maintains this receptor, and it is this population that is suitable for
immunotherapy[78,79]. Moreover, IL-7 at a therapeutic dose can antagonize multiple
cellular and molecular networks[80]. These data suggest that during persistent HCV
infection, TGF-β1 downregulates TRAF1 in T cells, which can be reversed by ex vivo
IL-7 treatment.
Consequently, we developed an IL-7 and 4-1BBL combination treatment to improve
T cell reactivity; IL-7-dependent upregulation of TRAF1 restored 4-1BB signaling to
fully enable the agonist actions of 4-1BBL over 4-1BB. We observed a hierarchical
response that was dependent on the stage of HCV infection; only cases with less severe
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Figure 4 Tumor necrosis factor receptor-associated factor 1 pathways involved in T cell survival. Scheme of T cell survival pathways. Interleukin
(IL)-7/IL-7 receptor (CD127) increases the level of the anti-apoptotic molecule myeloid leukemia cell differentiation protein (Mcl-1) via signal transducer and activator
of transcription 5. After T cell receptor activation, tumor necrosis factor receptor (TNFR)-associated factor 1 (TRAF1) level is upregulated via nuclear factor-kappa B.
TRAF1 is the signal transducer of the positive checkpoint TNFR superfamily member 9 (4-1BB). 4-1BB stimulation downregulates Bim via extracellular signal-related
kinase. IL-7 induces TRAF1 expression, increasing its anti-apoptotic effect by improving 4-1BB signaling. Together, 4-1BB and CD127 balance Bim and Mcl-1. HCV:
Hepatitis C virus; 4-1BB: Tumor necrosis family receptor superfamily member 9; ERK: Extracellular signal-regulated kinase; TRAF1: Tumor necrosis factor receptorassociated factor 1; Mcl-1: Myeloid leukemia cell differentiation protein; IL: Interleukin; NF-Κb: Nuclear factor kappa B; MHC: Major histocompatibility complex; TCR:
T cell receptor.

fibrosis and lower evolution responded favorably to the 4-1BBL/IL-7 combination[2].
We speculated that cases with worse progression probably had higher burden of
exhausted T cells with increased PD-1 expression, leading us to add anti-PD-L1
treatment to the IL-7/4-1BBL combination[81]. After the combined treatment, we were
able to restore two other groups of cases: Those with low fibrosis progression but longterm infection, and those with rapid-progression and short-lasting disease.
Unfortunately, those cases with less favorable factors, specifically rapid fibrosis
progressors with long-term infection, were not responsive to the treatment[2]. This may
have been due to the loss of these T cell populations from apoptosis (Figure 5).

CONCLUSION
The HCV-specific T cell response impacts infection outcomes. Mid-slow fibrosis
progressors have less exhausted T cells, but the length of infection also influences the
impairment of the T cell response. Worse T cell reactivity is observed the longer the
infection lasts, and the faster liver fibrosis takes place. T cell response impairment is
mediated by an exhausted and pro-apoptotic status that is characterized by the
upregulated expression of negative checkpoints and the inhibition of positive costimulatory molecules. Among the latter is 4-1BB signaling via its effector TRAF1. This
pathway regulates downstream Bim via ERK and is involved in T cell activation and
survival. TRAF1 is induced by IL-7 and downregulated by TGF-β1. During persistent
HCV infection, TGF-β1 Level is increased and can contribute to T cell exhaustion by
TRAF1 loss. Depending on the stage of the infection, IL-7 ex vivo treatment can restore
TRAF1 expression and T cell reactivity (Figure 5).
4-1BB/TRAF1 has a pathogenic role in chronic HCV infection that describes a new
mechanism of T cell exhaustion and explains different infection outcomes. Modulation
of 4-1BB/TRAF1 can be useful as an immunotherapeutic strategy in chronic viral
infections and cancer.
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Figure 5 Tumor necrosis factor receptor-associated factor 1-related pathogenic mechanism involved in T cell exhaustion and liver
fibrosis progression during persistent hepatitis C virus infection. Scheme showing transforming growth factor beta 1-mediated CD8 T cell impairment
during chronic hepatitis C virus infection due to tumor necrosis factor receptor-associated factor 1 (TRAF1). In patients with mild clinical progression, T cell reactivity
can be restored by TRAF1 upregulation with interleukin (IL)-7 treatment. Those with rapid fibrosis or with long-term infection need IL-7 treatment combined with
programmed cell death protein 1 blockade. Cases with rapid fibrosis and long infection duration cannot be restored, probably due to T cell deletion. Ag: Antigen; 41BB: Tumor necrosis family receptor superfamily member 9; 4-1BBL: 4-1BB-ligand; PD-1: Programmed cell death protein-1; HCV: Hepatitis C virus; TRAF1: Tumor
necrosis factor receptor-associated factor 1; TGF: Transforming growth factor; IL: Interleukin; APC: Antigen-presenting cell; TCR: T cell receptor.
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Abstract
Angiogenesis plays an important role in the occurrence and development of
tumors. Registered tyrosine kinase inhibitors targeting vascular endothelial
growth factor reduce angiogenesis. Apatinib, a tyrosine kinase inhibitor, can
specifically inhibit vascular endothelial growth factor receptor 2, showing
encouraging anti-tumor effects in a variety of tumors including advanced
hepatocellular carcinoma (HCC). This article intends to review the clinical
research and application prospects of apatinib in the field of HCC.
Key Words: Apatinib; Hepatocellular carcinoma; Angiogenesis; Vascular endothelial
growth factor receptor 2
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pharmacokinetics, preclinical studies, clinical trials, side effects, and combined drug
use.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common malignant tumor in China.
Its 5-year survival rate is only 14.1%, which seriously threatens people's health and
life[1]. Asymptomatic or insignificant symptoms are common in the early course of the
disease. About 70%-85% of patients are in advanced stage at the time of diagnosis[2],
and the natural survival time is only 4.2 mo in the Asia-Pacific region and 7.9 mo in
Europe[3,4]. For patients who have no opportunity for surgery or metastasis after
treatment, effective systemic treatment is necessary.
In the "Guidelines Insights: Hepatobiliary Cancers, Version 2.2019", first-line
targeted drugs for palliative systemic therapy include sorafenib and lenvatinib[5]. As a
multi-target kinase inhibitor, sorafenib can inhibit the proliferation of HCC cells
through the RAF/MEK/ERK signaling pathway and block the angiogenesis by
inhibiting vascular endothelial growth factor receptor (VEGFR) and platelet-derived
growth factor receptors (PDGFRs)[6]. Two phase III clinical trials confirmed that
sorafenib prolonged the overall survival (OS) by 2.3-3.2 mo, while the objective
response rate (ORR) was 2% to 3.3%[3,4]. The effect of lenvatinib is not inferior to
sorafenib, while OS and progression free survival (PFS) are improved compared with
the latter. However, the therapeutic effect is still not very satisfying[7].
Apatinib mesylate (YN968D1) is a highly specific small molecule VEGFR-2 tyrosine
kinase inhibitor, preventing its downstream signaling pathways, blocking the
migration and proliferation of vascular endothelial cells, reducing tumor microvessel
density, and inhibiting tumor angiogenesis[8-11]. With the announcement of the results
of phase I and phase II clinical trials, the China Food and Drug Administration
(CFDA) approved apatinib as the third-line treatment for advanced gastric cancer or
adenocarcinoma of the gastroesophageal junction in October 2014.
In this review, we summarize the structure, mechanism and pharmacokinetic
characteristics of apatinib, overview the current data of apatinib in clinical studies, and
propose future development directions of HCC.

STRUCTURE AND MECHANISM
Angiogenesis plays an important role in the occurrence and development of tumors[12].
Vascular endothelial growth factor (VEGF) and its receptor VEGFR have been thought
to play a central role in angiogenesis and tumor growth[13]. The VEGF family includes
VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor (PLGF). Similarly,
there are three subtypes of receptor family, including VEGFR-1, VEGFR-2, and
VEGFR-3[14]. The combination of VEGF-A and VEGFR-2 is considered to be mainly
involved in the generation of blood vessels in solid tumors[15-18]. VEGF-A binds to the
Ig-like domains 2 and 3 of VEGFR-2 to dimerize the receptor, which in turn causes the
t y r o s i n e k i n a s e o f r e c e p t o r t o u n d e r g o autophosphorylation[15] (Figure 1).
Subsequently, several different molecular pathways are activated simultaneously: The
RAF/MEK/ERK pathway promotes endothelial cell proliferation and survival; the
p38-MAPK pathway increases the migration and invasion of endothelial cells, and
enhances chemotactic and homing of bone marrow-derived vascular precursor cells;
and the PI3K/AKT/mTOR pathway improves endothelial cell survival and vascular
permeability[14,15,18-21].
Apatinib mesylate is a derivative of valatinib. Its predecessor is YN968D11 (N-[4-(1cyano-cyclopentyl) phenyl]-2-(4-pyridylmethyl) amino-3-pyridine carboxamide
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Figure 1 Schematic illustration of the mechanism of apatinib as an inhibitor of vascular endothelial growth factor receptor 2. VEGFR2:
Vascular endothelial growth factor receptor 2.

mesylate). It highly specifically binds to the intracellular ATP binding site of VEGFR-2,
preventing receptor phosphorylation. Apatinib has a strong affinity for VRGFR2 (IC50
= 2), which is ten times that of other anti-angiogenic drugs such as sorafenib (IC50 =
90)[8,9,22,23].

PHARMACOKINETICS
The pharmacokinetic analysis showed that the time to maximum plasma concentration
level after administration was about 3-4 h with an average half-life of 9 h[9]. There are
many main pathways of apatinib biotransformation, in which M1-1 is the main
metabolite and shows the strongest inhibitory effect on VEGFR-2, and it is most closely
related to the anti-angiogenic effect of apatinib. In contrast, M9-2 has no obvious
inhibitory effect on the above enzymes. The oxidative metabolites of apatinib are
mainly formed in the liver in a NADPH-dependent manner. The process is mainly
mediated by the CYP3A4/5 enzyme, followed by CYP2D6, CYP2C9, and CYP2E1.
After 96 h of oral apatinib, drug excretion rate was 76.8%, including 69.8% in stool and
7.0% in urine[24].

PRECLINICAL STUDIES
In vitro experiments
Apatinib can effectively inhibit the activity of VEGFR-2 kinase and block its
downstream signaling by specifically competing for the ATP binding site in the cell[8].
Apatinib also inhibits the proliferation, migration, and tube formation of human
umbilical vein endothelial cells (HUVEC), blocking the germination of rat aortic
rings[8,25].
In HCC, apatinib can induce cell cycle arrest at the G2/M phase, promoting
apoptosis of HCC cells in vitro, and its inhibitory effect is related to the expression
level of VEGFR[26]. Li et al[27] have found that apatinib promotes tumor cell apoptosis
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and inhibits metastasis, which may be related to the down-regulation of PDGFR-α,
IGF-IR, and AKT phosphorylation levels. Similar results have been observed in
SMMC-7721 cells, in which apatinib promoted apoptosis by inhibiting the
phosphorylation level of PI3K/AKT[28]. In pancreatic cancer, apatinib promotes
apoptosis of pancreatic cells by down-regulating hypoxia inducible factor-1α (HIF-1α)
and increasing reactive oxygen levels[29]. In thyroid cancer, apatinib inhibits the
expression of angiopoietin through tumor cell AKT/GSK3β/ANG pathway, thereby
inhibiting tumor angiogenesis[25]. Apatinib inhibits cell invasion and migration by
inhibiting the RET/SRC signaling pathway, suggesting a potential role in treating
KIF5B-RET-driven tumors[30]. Apatinib can also promote the apoptosis of tumor cells of
extrahepatic bile duct cancer[31], esophageal cancer[32], colon cancer[33], osteosarcoma and
glioma[34], and B and T cell acute lymphoblastic leukemia[33].

In vivo experiments
In an immunodeficiency mouse xenograft model of HCC, apatinib was administered
orally three times a week, and the inhibition rate of tumor growth was 71% after 30 d,
and no significant weight loss or treatment-related death was observed[27]. Liang et al[35]
evaluated the therapeutic effect of apatinib and sorafenib in HCC by multimodal
molecular imaging. The results showed that apatinib inhibits the growth and
angiogenesis of HCC, which is equivalent to sorafenib but has fewer side effects[35].
Apatinib can also cause metabolomics changes. After apatinib treatment, 3hydroxybutyric acid (3-HB) is significantly increased in serum, tumor, and the liver,
which aids antitumor effect of apatinib[36].
Apatinib alone or in combination with chemotherapeutics can effectively inhibit a
variety of established human tumor xenograft models with less toxicity. The
combination of apatinib with docetaxel and adriamycin significantly inhibits the
growth of transplanted lung cancer, which is significantly different from the apatinib
group and the chemotherapy drug group. In addition, the combination of apatinib
with oxaliplatin and fluorouracil also showed a significant inhibitory effect in colon
cancer[8]. Tong et al[37] selected a subset of K562 leukemia cells with higher doxorubicin
resistance as the object of observation. The experimental results showed that apatinib
could significantly reduce the IC50 value of doxorubicin in this subgroup of cells and
significantly increase the sensitivity to chemotherapy drugs. It was also confirmed in a
tumor xenograft model that apatinib could reverse ABCB1 and ABCG2-mediated
multidrug resistance (MDR) by directly inhibiting ABCB1 and ABCG2 function,
leading to the rise of intracellular concentrations of chemotherapeutic drugs. The
reversal of MDR further supports the potential role of combining apatinib with other
conventional anticancer drugs in overcoming clinical resistance[38].

CLINICAL RESEARCH OF ADVANCED HCC
Qin et al[39] reported a prospective, randomized, open label, nationwide, multicenter,
phase II clinical trial of apatinib as second-line therapy for advanced HCC. The
primary endpoint of the study was time to disease progression (TTP). The secondary
endpoints included OS, ORR, disease control rate (DCR), quality of life, and serum
alpha-fetoprotein (AFP) levels. A total of 121 patients with advanced HCC were
enrolled and randomly assigned 1:1 to the 850 mg dose group and the 750 mg dose
group. The results confirmed that the clinical efficacy of apatinib (850 mg and 750 mg)
in different dose groups was basically the same for advanced HCC with initial
treatment and good basic conditions: mTTP and mOS were not significantly different
between the two groups (4.2 mo vs 3.3 mo, P > 0.05; 9.7 mo vs 9.8 mo, P > 0.05). The
DCRs of the two groups were 48.6% and 37.3% (P > 0.05), and the ORRs were 8.6% and
0 (P > 0.05), respectively. The incidence of adverse events was also similar between
these two groups. In terms of safety, the drug-related toxicities in the 850 mg dose
group were more than those in the 750 mg dose group, but the differences were not
statistically significant, including hand-foot skin reaction (HFSR), elevated
aminotransferase, and elevated bilirubin. Grade 3 and above drug-related side effects
included hypertension, proteinuria, HFSR, fatigue, and peripheral blood cell
reduction. Considering that most patients with liver cancer have basic liver diseases,
they recommended that 750 mg qd as dose for subsequent studies.
Kong et al[40] retrospectively evaluated the efficacy and safety of apatinib in 22
patients with advanced HCC who were resistant to sorafenib or could not afford
sorafenib. Apatinib was administered continuously at 500 mg/d or 250 mg/d with
clinical emphasis on TTP, OS, and safety. Until the last follow-up, the median disease
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progression time for these 22 patients was 10.4 mo, and 50% of patients survived
longer than 11.4 mo. The percentages of patients achieving complete response (CR),
partial response (PR), stable disease (SD), and progressive disease (PD) were 0%,
40.9%, 40.9%, and 18.2%, respectively, and the ORR and DCR were 40.9% and 81.8%,
respectively. At the same time, 14 of the 22 cases had decreased alpha-fetoprotein
levels, of which seven had fallen by half or more. Adverse events mainly included
HFSR (81.8%), diarrhea (77.3%), hypertension (63.6%), fatigue (59.1%), hoarseness
(54.5%), and nausea (50%). Grade 3 or 4 drug-related adverse events mainly included
hypertension (27.3%), HFSR (13.6%), and thrombocytopenia (9.1%). In view of the side
effects of advanced patients and the high-dose treatment, patients receiving low-dose
treatment (250 mg/d) had fewer and less adverse events and achieved good responses.
A prospective study by Yu et al[41] evaluated the efficacy and safety of apatinib in
advanced HCC. A total of 31 patients participated in the study, including four in the
intermediate stage and 27 in the advanced stage. The dose was 500 mg/d. According
to the first follow-up CT and MRI after 6 wk of treatment, the numbers of patients
achieving PR, SD, and PD in 31 patients were 10 (32.3%), 15 (48.4%), and 6 (19.4%). The
ORR and DCR were 32.3% and 80.7% respectively. The mPFS was 4.8 mo, and the 6and 12-mo survival rates were 73.8% and 55.4% respectively. The most common grade
3 adverse effects were hypertension (48.4%), thrombocytopenia (6.5%), and an increase
in total bilirubin or transaminase (6.5%). By adjusting drug dosage and symptomatic
treatment, all toxic reactions could be controlled.
Liu et al[42] retrospectively reviewed the efficacy and safety of apatinib in the
treatment of unresectable or recurrent HCC. A total of 32 patients with HCC or
intrahepatic bile duct cancer were included in the study[42]. No CR occurred, PR, SD,
and PD were observed in 5 (16%), 14 (44%), and 13 (41%) patients, respectively, and
DCR was 60%. The mPFS for HCC was 5 mo, and the mPFS for intrahepatic
cholangiocarcinoma was 3 mo. The mOS for HCC and bile duct carcinoma were 13 mo
and 5 mo, respectively. The most common adverse effects were proteinuria (31%),
hypertension (28%), and liver dysfunction (13%).
Zhang et al[43] evaluated the efficacy and safety of apatinib for sorafenib refractory
advanced hepatitis B virus-associated HCC. A total of 43 patients were retrospectively
analyzed[43]. ORR and DCR were 25.6% and 67.4%, respectively. mPFS and mOS were 3
mo and 8 mo, respectively. The 1-year and 2-year survival rates were 34.9% and 9.3%,
respectively. The most common toxicities were weight loss, HFSR, and hypertension.
Apatinib shows a therapeutic effect on advanced HCC with lung metastasis[44]. In a
retrospective and multicenter study, 61 patients with advanced HCC were enrolled in
the study, including 41 patients with lung metastases, three with multiple organ
metastases, and 20 with no pulmonary metastases. The main focus was on metastasis
specificity and PFS. All patients had a median PFS of 3.37 mo and an ORR of 11.6%.
The median mPFS of 41 patients with pulmonary metastases was 5 mo, and the mORR
was 22.0%. Compared with patients without lung metastases, patients with only lung
metastases had better mPFS (hazard ratio/HR = 0.316), although mORR was similar.

SIDE EFFECTS
In a series of clinical studies of apatinib, common adverse events include
hematological toxicity (leukopenia, granulocytopenia, and thrombocytopenia) and
non-hematological toxicity (hypertension, proteinuria, HFSR, etc.). Among the
common important adverse events are hypertension, proteinuria, and HFSR.
In the phase I study of apatinib, the overall incidence of hypertension reached
69.5%, of which grade 3 to 4 reached 6.5%. Hypertension is the most common adverse
reaction of anti-angiogenic drugs, especially VEGF/VEGFR inhibitors. Current
research suggests that reduction of nitric oxide (NO) and increase of endothelin (ET)
are the main causes of hypertension in anti-VEGF treatment[45,46]. Both methods can
cause vasodilation dysfunction and strengthen systolic function. In addition, abnormal
blood vessel density and reduced capillaries are also the cause of hypertension[47]. In
the current treatment plan, besides reducing the drug dose, another effective treatment
is the use of antihypertensive drugs.
The overall incidence of proteinuria in the phase I study was 34.8%, and the
incidence of grade 3 to 4 was 13%. The occurrence of proteinuria is related to the
inhibition of VEGF signaling by apatinib, whereas adequate VEGF is needed to
maintain the integrity of glomerular structure and function. In animal experiments,
podocyte specific VEGF gene knockout can cause structural and functional changes,
which in turn affects glomerular filtration rate and causes proteinuria[48]. Although the
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persistence of high blood pressure can cause kidney damage[49], in clinical practice,
many patients have proteinuria without hypertension, suggesting that proteinuria
caused by apatinib may not be related to hypertension, and the specific mechanism
needs further exploration.
The overall incidence of HFSR in phase I clinical studies was 45.6%, and the
incidence in grade 3 to 4 was 13%, which can be alleviated by reducing the dose of the
drug. Its mechanism is unknown. Possible reasons include: Decreased renewal and
dysfunction of endothelial cells; damage to sweat ductal epithelial cells due to
inhibition of PDGF and c-Kit; keratinocyte dysfunction due to c-Kit inhibition; and
broken balance between vascular and epidermal damage[50,51].
In addition to the common adverse events mentioned above, other adverse events
include bleeding, fatigue, diarrhea, infection, dyspnea, hoarseness, skin albinism, and
rash. However, most of these events are mild and controllable, and can be relieved
with supportive treatment. Remarkably, clinical trials have shown that adverse events
caused by apatinib are often associated with better efficacy and longer survival
benefits[52].

THE FUTURE OF APATINIB IN HCC
The combination of apatinib with other treatments has yielded interesting results in
advanced HCC. In the combination with trans-artery chemo-embolization (TACE),
Zhu et al[53] reported that after 9 mo of TACE combined with apatinib for advanced
HCC, DCR and ORR in the TACE group were 81.82% and 36.36%, and they were
95.45% and 63.64% in the TACE plus apatinib group. The PFS was 11.15 and 16.5 mo,
respectively[53]. DCR, ORR, and PFS were significantly improved. There was no
significant difference in the incidence of adverse events after embolization between the
two groups of patients. However, the incidence of hypertension, HFSR, and
proteinuria in the combined group was significantly higher (P < 0.05). Adverse effects
were alleviated after symptomatic treatment.
Xu et al[54] studied the effect of carrelizumab (PD-1 mAb, SHR-1210) and apatinib in
the treatment of advanced HCC, gastric cancer, and esophagogastric junction cancer in
a phase I clinical study[54]. Of the 16 evaluable HCC patients, eight achieved PR, in
whom one was in the apatinib 125 mg cohort and seven received apatinib 250 mg.
ORR and DCR were 50.0% and 93.8%, respectively. Patients receiving apatinib had a 6mo PFS rate of 51.3% and a 9-mo PFS rate of 41%. A phase III study on the combined
use of the two drugs is underway (NCT02329860).

CONCLUSION
Apatinib, as a new type of small molecule tyrosine kinase inhibitor, shows high
selective affinity for VEGFR-2, blocking its downstream signal transduction. Although
there is no sufficient evidence, from the primary research and exploration, apatinib
may have potential advantages, such as better ORR, survival benefits, and less toxic
and side effects, which is still waiting for further research and confirmation. Combined
therapy shows a prominent role by working through different mechanisms and will
hold an important position in the future[55]. Apatinib, as an alternative targeted drug,
will be likely to have a promising effect in combination therapy. A number of clinical
trials of combination therapy including apatinib are currently underway
(NCT03793725, NCT03839550, NCT03463876, and NCT03764293). Current research
still has certain limitations. Most of the studies are small in size. The mechanisms need
further exploration to ensure a higher level of evidence. With the development of basic
and clinical research, apatinib alone or in combination with other therapy may benefit
more patients with HCC.
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Abstract
BACKGROUND
The recent rise in the incidence of hepatitis B virus (HBV) infections in a densely
populated city of eastern India (“mixing vessel” of people of varied socioeconomic and immune status) prompted this study. Applying saliva on fingers for
enumerating bank notes is a common practice in the Indian subcontinent. Paper
notes may be a potential source of “horizontal” transmission of this virus,
especially if there are cuts/bruises on the oral mucous membrane or skin.
AIM
To investigate whether paper currencies could be a plausible mode of horizontal
transmission of HBV infection.
METHODS
Polymerase chain reactions (PCR) followed by nucleotide sequencing was done
for the detection of HBV. Hepatitis B virus surface antigen enzyme-linked
immunosorbent assay(HBsAg ELISA) was performed on all HBV
deoxyribonucleic acid-positive samples to check the detectability of the virus.
Atomic force microscopy (AFM) was carried out for visual confirmation of HBV
particles in ultracentrifuged/immunoprecipitated samples from currency paper
washings.
RESULTS
HBV-specific PCRs on pellets obtained after ultracentrifugation/
immunoprecipitation of the currency paper washings detected potentially
intact/viable HBV (genotype D2) in 7.14% of samples (n = 70). AFM gave the
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visual confirmation of HBV particles in ultracentrifuged/immunoprecipitated
samples from currency paper washings. However, HBV isolates from the currency
notes could not be detected by HBsAg ELISA.
CONCLUSION
It is a common practice in the Indian subcontinent to count paper currencies by
applying saliva on fingertips. Paper notes may be a potential source of
“horizontal” transmission of this virus, especially if there are cuts/bruises on the
oral mucous membrane or skin, but it was practically not possible to demonstrate
experimentally such transmission. Detection of potentially intact/viable and
“occult” HBV from currency poses potential risk of silent transmission of this
virus among the general population.
Key Words: Hepatitis B virus; Contamination; Paper currencies; Occult hepatitis B virus;
Hepatitis B virus surface antigen enzyme-linked immunosorbent assay; Horizontal
transmission
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The recent upsurge in hepatitis B virus (HBV) infections in eastern India
prompted the search for this virus in low denomination paper notes in this region.
Applying saliva on finger tips for enumerating currency notes is a common practice.
Thus, paper currencies may be a potential source of “horizontal” HBV transmission,
especially if there are cuts/bruises on the oral mucous membrane or skin. We
discovered that intact HBV particles are present in about 7.14% of the currencies.
Molecular analysis and immunoassays suggested that the circulating HBV are “occult”
in nature, hence capable of “silent transmission” in the general population.

Citation: Das P, Supekar R, Chatterjee R, Roy S, Ghosh A, Biswas S. Hepatitis B virus detected
in paper currencies in a densely populated city of India: A plausible source of horizontal
transmission? World J Hepatol 2020; 12(10): 775-791
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/775.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.775

INTRODUCTION
Transaction of paper currency occurs rampantly in exchange of goods and other
services. Chances of microbial contamination in the currencies of lower denominations
are higher as they are more widespread and exchanged frequently among people
irrespective of socio-economic status within a population[1]. While enumerating paper
money, people often apply saliva on fingers, a potential means of contaminating the
currency notes as well as exposure to microbes already present on the currency notes.
In developing and densely populated countries like India, where people are of
diverse immune and hygiene status, handling of currency may lead to transfer of
different kinds of microorganisms. Paper currency may be contaminated with droplets
from sneezing or coughing and even by touching with contaminated hands[2].
Microbes may also be introduced into the paper notes due to unhygienic habits like
keeping currency notes in socks, shoes and pockets, putting them under the carpet or
rugs and squeezing them in the hand[3]. Storing these notes in polythene, cotton or
leather bags in humid and dark conditions favor the growth of microorganisms on
them[4].
Cases of currency contamination with pathogenic microbes have been reported
from many countries like Bangladesh, Ghana, Nigeria, United States, Myanmar, Egypt,
Nepal and Pakistan[5].
Rhinovirus, rotavirus and influenza virus have been detected on currency notes and
coins[5], but till date there had been no reports on detection of hepatitis B virus (HBV)
in currency sample. Hepatitis viruses may cause acute or chronic liver disease. The
latter condition often leads to cirrhosis and may eventually culminate in liver cancer.
Hepatitis viruses may be transmitted via the fecal-oral route (hepatitis A and E) or via
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blood (hepatitis B, C and D).
The recent unusual rise in HBV infection in India[6] prompted the search for HBV in
currency notes as they are in circulation among people of varied immune status and
may serve as a potential medium of HBV transmission.

MATERIALS AND METHODS
Sample collection and subsequent processing
Paper currency samples, seventy in number, of a single denomination (INR 10) were
used for the present study. They were collected during 2016-2017 from hospitals,
grocery stores, fish-meat markets and public transport. Five of each such places were
chosen; currency samples were collected in duplicate or more, stored in sterile zip lock
packs and quickly transported to the laboratory for further processing (Table 1). Two
currency samples fresh from the mint, which were not yet into circulation, and two
used samples that have been autoclaved were also included in the present study as
negative controls. Surfaces of each of the samples were thoroughly washed with 5 mL
1 × phosphate buffered saline (PBS) buffer and each washed solution was stored at 4
°C until used. For the screening of HBV, washed out solutions were ultra-centrifuged
at 64000 g for 90 min at 4 °C. The resultant pellets were supposed to contain all intact
microbes (bacteria, viruses, etc.) present in the currency washings, and all extraneous
and lighter materials like free nucleic acids should be in the supernatant. The
precipitate for each sample, collected at the bottom of the ultracentrifuge tube, was
washed thoroughly, resuspended in 1 × PBS buffer and collected in a fresh tube.
None of the treatments to which the paper currency samples were subjected
amounted to purposeful act of destroying, willful defacing, disfiguring or mutilation
or any other kind of violation of currency handling procedures laid down by the
Government of India. Washing of the samples with 1 × PBS buffer did not destroy the
currency samples and were still suitable for re-use after washing and subsequent
drying in air.

Deoxyribonucleic acid extraction from the test currency samples
Total nucleic acid was extracted from the 1 × PBS buffer wash of the currency samples
using High Pure Viral Nucleic acid kit (Roche, Mannheim, Germany). Extracted DNA
was quantified by means of Nanodrop spectrophotometer (Thermo Scientific,
Waltham, MA, United States).

Primer selection, polymerase chain reaction amplification and sequencing
Two sets of primers specific to HBV S gene were used for HBV detection[7]. To amplify
HBV S gene, the first round polymerase chain reaction (PCR) was performed with
SPL-3 and SPL-2 primers while the nested PCR was performed using the second set of
internal primers SPL-4 and SPL-5 (Table 2). The cycling conditions for the first round
PCR comprised initial denaturation at 95 °C (5 min) for one cycle followed by 30 cycles
of heating at 95 °C (40 s), primer annealing at 55 °C (1.5 min) and extension for 2 min
at 72 °C. The final extension was done at 72 °C (10 min) for one cycle followed by hold
at 4 °C. The first round PCR product was diluted ten-fold and subjected to the second
round nested PCR with SPL-4 & SPL-5 primers. This PCR was programmed as
follows: Initial denaturation at 95 °C (10 min) for one cycle followed by 30 cycles of
heating at 94 °C (1 min), primer annealing at 55 °C (1 min) and extension at 72 °C (1.5
min). The final extension was carried out at 72 °C for one cycle (10 min).
PCR products were resolved by 1% agarose gel electrophoresis. Bands were
observed under ultraviolet light (Carestream Gel Logic 212 Pro, Rochester, NY, United
States), and the gel images were recorded. PCR bands of correct size were gel-purified
(Qiagen Gel Extraction Kit, Hilden, Germany), eluted in nuclease-free water and
subjected to bi-directional DNA sequencing using the same primers used for PCR
amplification. All PCRs contained GoTaq® Green Master Mix (M7122, Promega,
Madison, WI, United States), 0.2-0.4 µM forward and reverse primers and 100–300 ng
DNA.
Nucleotide (nt) sequences, confirmed by bi-directional sequencing of the PCR
products were subjected to National Center for Biotechnology Information-Basic Local
Alignment Search Tool (BLAST) for determining genetic matches with sequences
available in the database. They were then aligned using MEGAX with other closely
related sequences identified from the BLAST search. A phylogenetic tree was
generated by the Neighbor-Joining method with Bootstrap test (2000 replicates) using
MEGAX on 510 nt of S gene (pertaining to nt positions 326-835 as in HBV34 genotype
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Table 1 Sites of sample collection
Detailed description of
Types of locations of
the actual sites of
sample collection
collection
Hospitals

Distance from
central Kolkata1

Co-ordinates

(in Km)

Number of currency Number of samples
samples collected (n that are hepatitis B
virus-positive
= 70)

Nil Ratan Sircar Medical
College and Hospital

22.5638° N, 88.3690°
E

2.6

2

1 HBV-positive (S5)

SSKM Hospital

22.5396° N, 88.3439°
E

4.8

2

-

Chittaranjan National
Cancer Institute (CNCI)

22.5254° N, 88.3465°
E

3.7

2

-

Calcutta National Medical
College and Hospital
(CNMC)

22.5467° N, 88.3704°
E

4.5

3

1HBV-positive (S8)

KPC Medical College and
Hospital

22.4956° N, 88.3706°
E

9.3

4

-

Public transport routes 2302(Kamarhati to Alipore
(bus): First stop and last Zoo)
stop

22.6847° N, 88.3706°
E-22.5248° N,
88.3312° E

13.4 - 5.1

4

-

47B (Lake town to Super
Market, Prince Anwar Shah
Road)

22.6070° N, 88.4028°
E-22.5015° N,
88.3617° E

19.4-7.5

5

-

3C/1 (Anandapur to
Nagerbazar)

22.5148° N, 88.4098°
E-22.6218° N,
88.4180° E

11.5 -19.7

5

-

45 (Dumdum to
Baishnabghata)

22.6471° N, 88.4317°
E-22.4729° N,
88.3764° E

22.8-11.4

5

-

S9 (Jadavpur to
Karunamoyee)

22.4956° N, 88.3706°
E-22.5851° N,
88.4222° E

8.8 -13.5

5

1 HBV-positive (S6)

Shyam Bazar

22.5982° N, 88.3687°
E

6.2

3

-

Big Bazaar, Ganguli Bagan

22.4800° N, 88.3757°
E

18.2

3

-

South City Mall

22.5015° N, 88.3617°
E

7.5

4

-

Dunlop

22.6519° N, 88.3786°
E

12.4

4

-

Gariahat

22.5170° N, 88.3658°
E

6.7

4

-

Howrah

22.5958° N, 88.2636°
E

6.1

2

1 HBV-positive (S7)

Baguihati

22.6107° N, 88.4271°
E

18.3

4

-

Hazra

22.5228° N, 88.3500°
E

4.3

4

-

Jadavpur

22.4956° N, 88.3706°
E

8.8

2

1 HBV-positive (S9)

Gariahat

22.5170° N, 88.3658°
E

6.7

3

-

Grocery shop

Fish-meat market

1

The Indian Museum (22.5579°N, 88.3511°E) is taken as landmark for central Kolkata.
The number indicates the officially designated bus route number. HBV: Hepatitis B virus.

2
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D2 isolate, accession number KC875340, West Bengal, India) in order to characterize
the HBV isolates from the currency samples and study their genetic distances with
other closely related HBV strains[8].

Quantitative Real time PCR and hepatitis B virus surface antigen detection through
enzyme-linked immunosorbent assay
Quantitative real-time PCR was performed on the HBV-positive DNA samples to
determine the HBV DNA copy number in the currency samples. A pcDNA3.1 (+)
plasmid construct (Invitrogen, Carlsbad, CA, United States) containing the HBVRT-F
and HBVRT-R (Table 2) product of HBV genotype D “S” gene cloned into it, was used
as the standard for the real-time PCR. Serial dilutions of this recombinant plasmid
were used as known standards to calculate the HBV DNA copy number of the
currency samples tested. A 98 bp fragment of the “S” gene (pertaining to nt position
379 to 476 as in HBV isolate KC875340) was amplified using the primers HBVRT-F (nt
position 379 to 398) and HBVRT-R (nt position 456 to 476). The DNA copy number of
each PCR product was determined from its DNA concentration. Four replicates were
run for each standard and sample. The real-time PCR mix for each sample contained
10 µL of Luna Universal qPCR Master Mix (New England BioLabs, Ipswich, MA,
United States), 1 µL of a mix of primers (10 µM each), 1 μL of sample (< 100 ng DNA)
or 2.5 μL of standard and nuclease-free water to a final volume of 20 µL. The thermal
cycling conditions in the Quant Studio 5 (Applied Biosystem, Foster City, CA, United
States) consisted of initial hold at 95 °C (1 min), followed by 40 cycles of 15 s at 95 °C
and 30 s at 58 °C. Fluorescence was monitored during the 55 °C annealing phase.
Formation of bands of expected size was further confirmed by agarose gel
electrophoresis of the pooled replicates per sample after completion of real-time PCR
run.
In order to rule out that the laboratory reagents or equipment were not
contaminated with HBV, control nested PCRs were performed with two sets of
primers: SPL-3 and SPL-2 as first round primers and SPL-4 and SPL-5 as second round
primers, as described previously. Ultracentrifuged pellet suspensions from 25
representative currency samples, including all HBV DNA-positive and remaining
HBV DNA-negative samples were tested for the presence of the antigen marker of
HBV [i.e., hepatitis B virus surface antigen (HBsAg) through enzyme-linked
immunosorbent assay (ELISA)]. The assay was performed using the Monolisa HBsAg
Ultra kit (Hercules, CA, Bio-Rad) following manufacturer’s instructions. The samples
were tested in duplicates, diluted in the ratio of 1:5 in the supplied sample diluent.

Atomic Force Microscopy of ultracentrifuged pellet suspensions
HBV DNA-positive samples that had higher HBV DNA copy number were selected
and subjected to atomic force microscopy (AFM) to gather visual evidence for the
presence of approximately 42 nm HBV particles (Dane particles)[9].
For this, two representative HBV DNA-positive ultracentrifuged samples and one
HBV DNA-negative ultracentrifuged sample (as negative control) were selected. All
three samples were put through an identical procedure for AFM sample preparation.
Furthermore, immunoprecipitation was performed on the above mentioned three
samples. Immunoprecipitation technique was adopted to trap selectively the HBV
particles from the ultracentrifuged pellet and to enrich the particles in the available
volume for more authentic imaging. For this, Immunoprecipitation Kit-DynabeadsTM
Protein G (Invitrogen) was used and the assay was performed following the standard
protocol suggested by the manufacturer of the kit. Monoclonal anti-HBV antigen
HBsAg (Cat No. SAB4700767, Sigma-Aldrich, St Louis, MO, United States) was used as
the trapping antibody for immunoprecipitating the target antigen (i.e. HBsAg on HBV
virion surface).
The final eluate (antigen-antibody complexes) obtained was treated with 0.2%
Triton X-100 in the ratio 1:1 for 30 min followed by pulse sonication to disrupt the
virus-antibody complexes. The solution was then centrifuged at 13000 rpm for 5 min at
4 °C. The supernatant was carefully transferred to a fresh centrifuge tube. Both,
immunoprecipitated and non-immunoprecipitated samples were diluted in nuclease
free water as required, and 5 µL of each diluted sample was applied on freshly cleaved
muscovite Ruby mica sheet (ASTM V1 grade) and allowed to air dry. Once the sample
was fixed, the mica sheet was put through AFM.
Acoustic-AC mode AFM was performed by means of a Pico plus 5500 AFM (Agilent
Technologies, Santa Clara, CA, United States) with a piezo scanner with maximum
range of 9 µm. Images were processed by flattening, using Pico view 1.4 version
software (Agilent Technologies). Image manipulation was done through Pico Image
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Table 2 Oligonucleotide primers used for amplifying target genes in hepatitis B virus
Name

Sequence 5’-3’

Amplicon size (bp)

SPL-3-F

GCGCGCGCTAGCACCATGGGGARCAYCRYATCRGGA

1652

SPL-2-R

GCCTTTGCAAGCTTCASACCAATTTATGCCTAC

SPL-4-F

ACCACAGAGTCTAGACTYGTGGT

SPL-5-R

GGTCGGAACRRCAGRCGRAGAAG

HBVRT-F

GTGTCTGCGGCGTTTTATCA

HBVRT-R

GACAAACGGGCAACATACCTT

Reference
[7]

1277

98

This study

Advanced version software (Agilent Technologies).

RESULTS
Molecular confirmation of presence of HBV in the currency samples
HBV “S” gene-specific PCRs on these DNA samples revealed the presence of HBV in
five out of 70 samples screened (7.14%). PCR products of expected size (i.e. 1652 bp for
SPL-3-2 and/or 1277 bp for SPL-4-5) were observed in all HBV-positive samples
(Figure 1).
The second round 1277 bp bands, obtained in optimum concentration and purity,
upon bi-directional sequencing (using SPL-4 and SPL-5 primers) confirmed that the
observed PCR products were indeed part of the “S” gene of HBV (Figure 2).
All the HBV isolates from the currency samples were of genotype D2, as evident
from their close clustering with other genotype D2 strains in the phylogenetic tree
(Figure 3). Only partial S and Pol protein open reading frames were retrievable from
the nucleotide sequences obtained for the five HBV-positive samples (GenBank
accession numbers: S5: MN158164; S6: MN158165; S7: MN158166; S8: MN158167; S9:
MN158168).
It was estimated from quantitative real-time PCR results that the number of HBV
copies ranged from (6-10) × 108 for sample S5; (2-3) × 109 for S6 and S7; (3-4) × 105 for
S8 and (3-6) × 103 for S9. The above copy numbers were estimates of total number of
HBV copies present in the entire 5 mL washing from each paper currency sample.
Laboratory reagents (e.g., water for PCR, PCR mix and primers) or equipment (e.g.,
PCR machines and centrifuges) showed no evidence of HBV-contamination. This was
proved by the absence of any visible band in case of control PCRs (water control;
primers control) with SPL-3-2 and SPL-4-5 nested PCRs (Figure 1).
All the HBV positive and negative samples tested were found to be negative for
HBsAg by ELISA, suggesting that the genotype D2 HBV strains present in the
ultracentrifuged pellets were not detectable by Monolisa ELISA. The ELISA
performed, passed the qualitative test criteria as per the manufacturer’s guidelines.
The assay tested each sample in duplicate, and the mean of sample-to-cut off ratio
(S/CO) was considered to arrive at the results (data not shown).

Visual confirmation of HBV contamination of currency samples by AFM
When the diluted (1:100) non-immunoprecipitated ultracentrifuged HBV DNApositive samples were imaged through AFM, clusters of HBV virion-like particles
were visible (Figure 4). The diameter of the virus-like particles ranged from 40 to 60
nm (Figure 4).
The HBV DNA- negative sample displayed globular clumps, comprising of globulelike structures much smaller than HBV particles (Figure 5). The topographical
demarcation for both the HBV DNA-positive (Figure 4D) and negative samples
(Figure 5C) is clearly evident from the images.
AFM imaging of the Triton X-100-treated immunoprecipitated HBV DNA positivesample validated the aforementioned results (Figure 6). Triton X-100 treatment
followed by sonication led to the disruption of the virion clusters into individual
particles. Complete/partial disintegration of virus envelope attached to the
immunoprecipitating antibody exposed the icosahedral core particle of HBV
(Figure 6A, D). The size of the individual virion particle observed was approximately
42 nm in accordance to the diameter of HBV and the number of particles observed
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Figure 1 Representative gel electrophoresis on 1.5% agarose gels depicting hepatitis B virus “S” gene-specific polymerase chain
reaction products and relevant controls. This proves that none of the lab reagents/equipment were contaminated with hepatitis B virus: Negative control with
nuclease-free water used for sample polymerase chain reactions (PCR (C1), negative control for primers SPL-3 & SPL-2, using fresh nuclease-free water (C2),
nested SPL-4-5 PCR product with C1 (C1’), SPL-4-5 nested PCR product with C2 (C2’), first round PCR with SPL-3-2 primers yielding 1652 bp band (S5 and S6),
SPL-3-2 PCR yielding no bands (S7-S10); second round nested PCRs with SPL-4-5 primers with S5-9 yielding 1277 bp band (S5’-S9’), SPL-4-5 nested PCR yielding
no band (S10’) and a well left blank (i.e. loaded with no sample) (B). M is the molecular weight marker.

corroborated with the high copy number of HBV DNA found in the samples.
In contrast, the HBV DNA- negative sample, which showed globular structures
previously (Figure 5), after being subjected to immunoprecipitation and subsequent
Triton X-100 treatment, displayed a clear/vacant field with no globular structures or
HBV-like particles visible using AFM (Figure 7A). Even at higher magnification, no
such particles could be captured by AFM (Figure 7B).

DISCUSSION
To the best of our knowledge, the present study is the first to detect potentially viable
HBV from circulating paper currency samples collected from various parts of Kolkata,
a metropolitan city in eastern India. Sequences of the HBV-specific PCR products upon
BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 15th February
2020) and phylogenetic analysis closely matched with recently circulating strains of
HBV genotype D2 previously isolated from eastern Asia including Kolkata[10-15].
Although the potential role of currency in virus transmission is generally thought to
be limited[16], it could still play a role in the spread of communicable viral diseases[17].
HBV, the causative agent of a highly infectious and acute/chronic liver disease, has
been reported to retain infectivity when stored at approximately 30 °C for at least 6 mo
and withstand drying on a surface for around 7 d when present in blood[18]. It can also
remain infectious and survive in environmental surfaces for about a week[19]. This
information coupled with the observation of intact and potentially viable HBV on
paper currencies from Kolkata area in the present study demands attention because
people of this region are of varied immune status and often apply saliva on fingertips
to count the paper money. If these people have oral lesions (e.g., mouth ulcers) or
broken skin surfaces, it is quite probable that HBV particles on the infected currencies
may be transmitted into the human subjects. Concurrent handling of paper currency
and household materials may also set the stage for transmission of HBV among
different family members[20]. This was further strengthened by reports from India
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Figure 2 Hepatitis B virus S protein (partial) multiple sequence alignment of the test samples (S5-S9) with hepatitis B virus D2 sequences
retrieved from GenBank. The retrieved sequences are identified by their GenBank accession numbers on the figure. Gene sequences pertaining to nucleotide
positions 155 to 835 (coding for the full S protein) as in hepatitis B virus 34 genotype D2 isolate (accession number KC875340) are used for comparing with the test
samples.
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Figure 3 Phylogenetic analysis of the hepatitis B virus S gene (partial) of the hepatitis B virus isolates from the currency notes relative to
several other hepatitis B virus isolates of genotype D. The analysis was based on variability in 510 nucleotides (nt), pertaining to nt positions 326-835 as in
in hepatitis B virus 34 genotype D2 isolate, accession number KC875340, West Bengal, India. Hepatitis B virus sequences and their place of origin, retrieved from
GenBank for comparing with hepatitis B virus sequences in the present study, are identified by their GenBank accession numbers. The numbers shown next to the
branches of the phylogenetic tree represent the percentage of replicate trees in which the associated taxa grouped together in the bootstrap test (2000 replicates).
The scale bar indicates genetic distance in terms of nucleotide substitution/site/year.
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indicating that intra-familial horizontal transmission played a more important role in
the spread of HBV infection than the sexual mode of HBV transmission[21,22].
The HBV sequences, identified in the present study, closely matched with HBV
genotype D2, widely prevalent in various countries including India[10-12]. All these
isolates carried S protein mutations previously reported to impair immune-detection
and this explains why these isolates were HBsAg-negative by the enzyme
immunoassay[23].
Our findings corroborate well with the fact that HBV genotype D2 is most prevalent
in India including Kolkata[24,25]. In fact, the HBV S protein sequences retrieved from the
currency samples closely matched at the amino acid level (Figure 2) and nucleotide
level (Figure 3) with the HBV sequences, surprisingly detected in blood of Pityriasis
rosea skin disease patients from Kolkata during 2016, who were screened for HBV in
another study in our laboratory. More than 50% of these samples were occult HBV
infection (OBI) and carried at least one OBI-signature S protein mutation[23].
HBV spread is silent as most of these infections are going undiagnosed as ELISAs
are still the mainstay of virus diagnosis in developing countries like India, and the
HBV strains in question are mostly “occult” in nature (i.e. not easily detectable by
HBsAg-detection ELISAs).
The HBV DNA copy numbers observed in the five HBV-positive currency samples
were higher than the 50% minimum infectious dose of even OBI DNA, which had been
estimated at 1049 (117-3441) copies[26]. However, the SYBR-green qPCR method used
for the HBV DNA quantification is prone to overestimation of the copy numbers as
SYBR-green binds to nonspecific double stranded DNA sequences (e.g., primer dimers)
besides the target sequence, producing false positive signals[27,28]. In order to crosscheck the calculated HBV DNA copy numbers present in entire 5 mL washings from
each banknote, the numbers were back-calculated from the number of particles visible
in AFM images (Figure 6). This was done with the assumption that HBV particles were
evenly distributed in the circular area over which the spherical drop of the sample
adsorbed on the mica sheet. The numbers came to be of the order of 109 copy numbers
(total 5 mL washings from the concerned banknotes), which corroborated with PCRestimated copy number for the said isolates. Conclusively, the HBV particles present
on the currency notes were higher than 50% minimum HBV infectious dose, thereby
posing the contaminated currencies as an effective source of HBV transmission.
It was also interesting to observe, in this context, that human saliva, often used for
enumerating paper currencies in India, can have significantly high level of HBV
contamination even to the level of 107/mL virus titre[29,30]. Furthermore, human saliva is
often implicated in horizontal mode of HBV transmission besides the common and
major routes of HBV transmission, namely, sexual contact, parenteral drug use,
transfusion and vertical transmission[31,32].
The HBV genotype D2 strains detected in the currency notes carried several
mutations (the trio of T118V⁄A128V double mutation and P127T mutation; M133I)
known to impair immunological detection[23]. We were, indeed, unable to detect S
antigen with a method (Bio-Rad's Monolisa ELISA) that is known to use an array of
different monoclonal antibodies to reduce the number of S protein mutants that are
not detected. Still, it was possible to concentrate these “occult” viruses for microscopy
using the monoclonal antibody (SAB4700767), due to the fact that the S protein
mutations in these viruses possibly did not affect the binding site of the said Mab. The
result of the phylogenetic analysis is not surprising since the HBV genotype and
lineage detected is the same that was circulating in the city, and this observation, in
fact, supports our finding.
One limitation of our study is that although we think that the popular habit of using
saliva in counting paper notes may be related to spread of HBV, we could not rule out
several other routes of transmission that could also contribute to the surge of HBV
infections in Kolkata in recent years. These include practices such as tattooing,
piercing, drugs abuse, sex workers, unregistered medical practices,
manicure/pedicure, ritual practices involving needles, knife and other sharp elements
and so on[31,32].
Still, it appears that use of saliva in counting currency is a more predominant and
generalized habit in the overall Indian population than the aforesaid other practices
that expose the population to the risk of HBV transmission. However, many of these
factors remain unknown due to the lack of reliable model for virus propagation and
experimental infections. Some of these factors include evaluation of infectious dose of
the virus by this route, the stability of the virus, the probability of counting money
each day (time of exposition) and so on.
We could not demonstrate the “infectivity” of the HBV DNA-positive samples and
it was also not feasible to demonstrate experimentally the transmission of HBV via
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Figure 4 Atomic force microscopy images of hepatitis B virus-positive sample S8. A: Wider field of view for the sample; B: Magnified view of the
encircled area marked in Figure 4A; The encircled area illustrates representative cluster of virion particles. The arrow points to a single particle in the cluster; C:
Magnified view of encircled area shown in Figure 4B in two different contrasts. The arrows show the individual intact virion particle of approximately 42 nm diameter;
D: Three-dimensional (3D) view of the individual clusters seen in Figure 4C.

paper notes. However, detection of intact virions in considerable amount on heavily
used currency notes sets up the scenario that if people do contract HBV from the
currency samples, they are likely to develop hepatitis B, which is difficult to diagnose
by routine ELISA. Thus, there is increased risk of silent spread of the infection in the
susceptible population.
Presently, the severe acute respiratory syndrome coronavirus 2 (SARS CoV-2), first
reported from Wuhan, China in 2019, has emerged as a pandemic and a major health
concern worldwide[33]. It has been stated that there is a high risk of transmission of this
virus by touching contaminated dry inanimate surfaces like paper, wood, plastic,
metal, steel, glass, ceramic, Teflon and so on. It has been already reported that the
various strains of SARS CoV like P9 or GVU6109 can persist on the paper surfaces for
24 h to 5 d at room temperature[34]. Thus, the handling of contaminated paper
currencies and enumerating them using saliva can pose a substantial risk of
transmission of not only hepatitis B virus, as described in this study, but also SARS
CoV-2, thereby contributing to its currently observed rapid spread in densely
populated countries like India.
To put into perspective the role of paper currency (with HBV contamination) in
virus transmission, we propose a model as follows: Infected saliva to finger to paper
notes and then contaminated notes to finger to saliva of susceptible human, supposing
that many people count the money in this way.

CONCLUSION
In summary, the presence of highly infectious HBV in commonly circulating currency
notes in a populous region, as detected in this study, imposes possible risk of
transmission of this pathogen among the general population. This, however, needs
further experimental validation as already discussed above. This phenomenon might
be contributing to the increasing incidence of HBV infections among the population
besides other routes of exposure. Hence, people should be made aware about the
unhygienic practices leading to microbial contamination of currencies to reduce the
risk of transmission of infectious microbes through currency route.
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Figure 5 Atomic force microscopy images of a hepatitis B virus-negative sample. A: Wide field of view of clumps of globular structures that look
different from that seen in Figure 4A. These clumps share no resemblance with the structure of hepatitis B virus particles; B: Magnified view of the encircled region in
Figure 5A in two different contrasts; C: 3D view of the clumps.

Figure 6 Atomic force microscopy images of sample S8 after immunoprecipitation and Triton X treatment. A and B: Typical icosahedral
particles, plausibly hepatitis B virus core particles. Triton X-100 treatment followed by sonication led to partial/complete disintegration of virus envelope, thus exposing
the core particles; D and E: Magnified images of the region encircled in Figure 6A and B, respectively. The arrows mark the icosahedral hepatitis B virus core
particles; C and F: 3D images of the hepatitis B virus core particles seen in Figure 6B and E, respectively.

WJH

https://www.wjgnet.com

787

October 27, 2020

Volume 12

Issue 10

Das P et al. HBV detected in paper currencies

Figure 7 Atomic force microscopy images of hepatitis B virus-deoxyribonucleic acid negative sample, S12 after immunoprecipitation and
Triton X treatment. A: Clear field with no previously observed globular structures. Triton X treatment led to the disruption of clumps seen in Figure 5A and was
removed during the washing steps; B: Magnified view of the encircled area in Figure 7A, which shows no hepatitis B virus-like particles even at higher magnification.

ARTICLE HIGHLIGHTS
Research background
The recent rise in the incidence of hepatitis B virus (HBV) infections in a densely
populated city of eastern India prompted the search. Paper currency is widely used as
a mode of transaction for various goods and services irrespective of socio-economic
status among the population. Therefore, the chances of microbial contamination
specifically in the currencies of lower denominations are higher. The common practice
of enumerating currency notes using saliva in Indian subcontinent may be a potential
source of horizontal transmission of HBV, especially if there are cuts/bruises on the
oral mucous membrane or skin.

Research motivation
The increasing number of cases of HBV infections in eastern India served as the
impetus to investigate possible presence of this virus in low denomination paper notes
in a densely populated city of India such as Kolkata.

Research objectives
To investigate whether paper currency can serve as a plausible mode of horizontal
transmission of HBV infection in areas of high population density.

Research methods
HBV was detected by performing polymerase chain reactions (PCRs) on nucleic acids
extracted from ultracentrifuged washings from paper currencies, followed by
nucleotide sequencing for the confirmation of the presence of the virus. Hepatitis B
virus surface antigen-enzyme-linked immunosorbent assay (HBsAg-ELISA) was
carried on HBV DNA-positive samples to check for the detectability of HBV surface
antigen. Atomic force microscopy (AFM) was used for visual confirmation of HBV
particles in ultracentrifuged/immunoprecipitated samples from currency paper
washings.
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Research results
Out of all the currency notes screened (n = 70), 7.14% of the samples were found to be
contaminated with potentially intact/viable HBV of genotype D2. Atomic force
microscopy provided visual confirmation of HBV particles in
ultracentrifuged/immunoprecipitated samples from currency paper washings.
However, HBV isolates from the currency notes failed to be detected by hepatitis B
surface antigen ELISA. Molecular analysis and enzyme immunoassays suggested that
the circulating HBV are “occult” in nature (i.e. ELISA-negative but DNA-positive).

Research conclusions
Applying saliva on fingers for counting bank notes is a common practice in the Indian
subcontinent and many other countries of the world. Paper notes may be a source of
“horizontal” transmission of HBV as well as other environmentally stable infectious
viruses like severe acute respiratory syndrome coronavirus 2, especially if there are
cuts/bruises on the oral mucous membrane or skin. However, it was practically not
possible to demonstrate experimentally such transmission. Detection of potentially
intact/viable and “occult” HBV on currency notes and in considerable numbers poses
potential risk of silent transmission of this virus in densely populated cities like
Kolkata.

Research perspectives
Heavily used paper currency may play a potential role in transmission of infectious
viruses like HBV. The present study puts forward a model of horizontal HBV
transmission from infected saliva to finger to paper currencies and then from
contaminated bank notes to finger to saliva of susceptible humans, especially in places
where people have the habit of using saliva for counting bank notes.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is becoming the most common chronic
liver disease worldwide, with significant morbidity associated with nonalcoholic
steatohepatitis (NASH). Genome-wide association studies demonstrated that the
variants rs738409 C/G in the PNPLA3 and rs58542926 C/T in the TM6SF2 genes
are determinants of inter-individual and ethnicity-related differences in hepatic
fat content and NAFLD progression.
AIM
To investigate PNPLA3 and TM6SF2 genotype frequency and their association
with NAFLD development and progression in Brazilian patients.
METHODS
This cross-sectional case-control study enrolled 285 individuals from the
Gastroenterology and Hepatology clinics at a university hospital in Brazil. The
case patients (n = 148) were confirmed to have NAFLD by the identification of
hepatic steatosis on ultrasonography and exclusion of other causes of liver
disease. According to the clinical protocol, patients underwent liver biopsy when
at high risk for NASH and/or advanced fibrosis (n = 65). Steatohepatitis was
confirmed in 54 patients. Individuals who did not have biopsy indication or
NASH on histology were considered to have simple steatosis (n = 94). The control
group (n = 137) was selected among patients that attended the Intestinal Disease
clinic and was composed of subjects without abnormalities on abdominal
ultrasonography and normal liver biochemical tests. All individuals underwent
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PNPLA3 and TM6SF2 genotype analysis.
RESULTS
PNPLA3 CC, CG and GG genotype frequencies were 37%, 44% and 19%,
respectively, in NAFLD patients and were 58%, 31% and 10% in controls (P <
0.001). In a model adjusted for gender, age, body mass index and type 2 diabetes
mellitus, the G allele increased the chance of NAFLD (OR = 1.69, 95%CI: 1.21-2.36,
P = 0.002) and NASH (OR = 3.50, 95%CI: 1.84-6.64, P < 0.001). The chance of
NASH was even higher with GG homozygosis (OR = 5.53, 95%CI: 2.04-14.92, P =
0.001). No association was found between G allele and the features of metabolic
syndrome. In histological assessment, PNPLA3 genotype was not associated with
steatosis grade, although GG homozygosis increased the chance of significant
NASH activity (OR = 17.11, 95%CI: 1.87-156.25, P = 0.01) and fibrosis (OR = 7.42,
95%CI: 1.55-34.47, P = 0.01) in the same adjusted model. TM6SF2 CC, CT and TT
genotype frequencies were 83%, 15% and 0.7%, respectively, in NAFLD patients
and were 84%, 16% and 0.7% in controls (P = 0.78). The T allele presence was not
associated with NAFLD or NASH, and was not associated with histological
features.
CONCLUSION
PNPLA3 may be involved in susceptibility and progression of NAFLD and NASH
in the Brazilian population. More advanced histological liver disease was
associated with the G allele. The TM6SF2 genetic variants were not associated
with NAFLD susceptibility and progressive histological forms in the population
studied, but further studies are required to confirm these findings.
Key Words: Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis; Genetic
variation; Single nucleotide polymorphism; Genotype; Brazil; Fibrosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The rs738409 C/G mutation in the PNPLA3 gene may be involved in the
pathogenesis of nonalcoholic fatty liver disease (NAFLD) in the Brazilian population.
We found an association between this polymorphism and higher susceptibility to
NAFLD occurrence, disease progression to nonalcoholic steatohepatitis, more severe
histological activity scores and the presence of liver fibrosis. The TM6SF2 gene
variants were also evaluated in the Brazilian population, although they were not
associated with NAFLD susceptibility and different histological forms.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is characterized by hepatocellular
accumulation of triglycerides (TG) in the absence of excess alcohol consumption or any
other cause of secondary liver steatosis[1,2]. Currently, it is the most common chronic
liver disease in Western countries, with an estimated prevalence of 25% globally and
32% in South America[3,4]. NAFLD is strongly associated with the metabolic syndrome
[obesity, insulin resistance/type 2 diabetes mellitus (T2DM) and dyslipidemia][4,5] and
encompasses a spectrum of liver diseases ranging from simple steatosis (SS), which is
usually benign, to nonalcoholic steatohepatitis (NASH), which may lead to liver
cirrhosis and hepatocellular carcinoma[6,7]. In fact, liver fibrosis is an independent risk
factor of NAFLD severity and liver-related mortality[8,9].
Although highly prevalent, only a minority of NAFLD patients develop significant
fibrosis and associated morbidity[10,11]. Thus, NAFLD is considered a complex disorder
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in which the disease phenotype results from an interaction between environmental
exposure and susceptible polygenic background that comprises multiple independent
modifiers[12,13].
In recent years, genome-wide association (GWA) and candidate gene studies have
greatly contributed to understanding the genetics of NAFLD and their influence on
prognosis[14-16]. In 2008, Romeo et al[17] identified that the mutation I148M encoded by
the G allele at rs738409 in the gene patatin-like phospholipase domain-containing 3 (
PNPLA3) is a major determinant of inter-individual and ethnicity-related differences in
hepatic fat content. These findings have been confirmed in different populations
through GWA[18-20] and candidate gene[21-26] studies, which demonstrated that PNPLA3
polymorphism was associated with greater susceptibility to NAFLD development and
more severe histological and clinical forms.
In 2014, Kozlitina et al[27] identified that the E167K (rs58542926 C/T) variant in the
TM6SF2 gene was also associated with increased liver fat content. This polymorphism
was later associated with greater susceptibility to NAFLD and advanced histological
NASH[28,29]. In this context, there is only one genetic study in Brazilian NAFLD
patients[30], and TM6SF2 polymorphism has not yet been analyzed in this population.
Therefore, in this study, we investigated the association between PNPLA3 and
TM6SF2 genotypes and clinical parameters of NAFLD, and analyzed the genotype
variations as markers of liver histological features in Brazilian adult NAFLD patients.
We also investigated the distribution of these genotype variations among Brazilians.

MATERIALS AND METHODS
Subjects and study design
A cross-sectional study was performed at the Outpatient NAFLD Clinic, Medical
School of Federal University of Minas Gerais, Belo Horizonte, Brazil. A total of 285
individuals (208 females and 77 males) were enrolled; of which, 148 patients had
features of NAFLD (case patients) and 137 were non-NAFLD control subjects.
The case patients were confirmed to have hepatic steatosis by liver ultrasonography
(US) according to established criteria[31]; additionally, other causes of liver disease were
excluded, including elevated alcohol intake (men, > 30 g/d; women, > 20 g/d),
autoimmune disorders (autoimmune hepatitis, primary biliary cholangitis and
primary sclerosing cholangitis), hereditary hemochromatosis, alpha-1-antitrypsin
deficiency, Wilson disease and hepatitis B or C virus infection. Patients who had
decompensated cirrhosis or were taking drugs that induce steatosis were excluded.
The NAFLD patients underwent liver biopsy according to the clinical protocol
suggested by Chalasani et al[2]. Increased risk of NASH and/or advanced fibrosis
included the presence of metabolic syndrome or significant fibrosis predicted by
noninvasive methods. Subjects who had a liver biopsy showing steatosis, hepatocyte
ballooning and lobular inflammation[1] were classified into the NASH group (n = 54)
and individuals without an indication for liver biopsy and those who did not fulfill the
NASH criteria on biopsy were classified into the SS group (n = 94).
Control subjects were selected from patients attending our institution at the
Outpatient Intestinal Disease Clinic whose gender matched the NAFLD patients (97
females and 40 males). Individuals in the control group underwent a standard health
examination, liver US and liver biochemistry. They were selected if there was no
evidence of fatty liver on US and no liver biochemical abnormalities. Furthermore, the
control subjects did not present any of the features of the metabolic syndrome as
defined by the International Diabetes Federation criteria[32] and did not abuse alcohol.
Subjects from whom deoxyribonucleic acid (DNA) could be obtained for
genotyping PNPLA3 at rs738409 and TM6SF2 at rs58542926 were included in the
analyses. The case participants and the controls were selected from patients attending
our institution from January 2017 to December 2018.
All the investigations performed in this study were conducted in accordance with
the guidelines of the 1975 Declaration of Helsinki and its subsequent amendments.
Written informed consent was obtained from each subject, and the study was
approved by the Ethics Committee of the Federal University of Minas Gerais (CAAE
23610614.0.0000.5149).

Liver biopsy and histopathological evaluation
Liver biopsy was performed in patients with NAFLD who were at increased risk of
having NASH and/or advanced fibrosis (i.e., presence of metabolic syndrome or
advanced fibrosis indicated by the NAFLD Fibrosis Score[33])[2]. Liver biopsy specimens
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were routinely fixed in 40 g/L formaldehyde, embedded in paraffin, and stained with
hematoxylin and eosin, Masson trichrome and silver impregnation for reticular fibers
analysis. The same liver pathologist, who was blinded to the patients’ information,
analyzed all the exams. All the biopsies were at least 2 cm in length and contained a
minimum of 8 portal tracts. The histological criterion for the diagnosis of NAFLD was
macrovesicular fatty deposit in more than 5% of the hepatocytes. The NASH
diagnostic criterion was the simultaneous presence of steatosis, ballooning and lobular
inflammation in the liver biopsy, according to the Fatty Liver Inhibition of Progression
algorithm[1]. Steatosis was graded based on the percentage of hepatocytes containing
large and medium-sized intracytoplasmic lipid droplets, on a scale of 0 to 3 (S0: < 5%;
S1: 5%-33%, S2: 34%-66%, S3: > 67%). Lobular inflammation was defined as a focus of 2
or more inflammatory cells within the lobule organized either as microgranulomas or
located within the sinusoids. Foci were counted at × 20 magnification (grade 0: none; 1:
≤ 2 foci per lobule; 2: > 2 foci per lobule). Hepatocyte ballooning was graded from 0 to
2 (0: Normal hepatocytes with cuboidal shape, sharp angles and pink eosinophilic
cytoplasm; 1: Presence of clusters of hepatocytes with a rounded shape and pale
cytoplasm; 2: As for grade 1, associated with at least one enlarged ballooned
hepatocyte). Severity of fibrosis was scored according to the Pathology Committee of
the NASH Clinical Research Network method[34] and was expressed on a 4-point scale,
as follows: 0, none; 1, perivenular and/or perisinusoidal fibrosis in zone 3; 2,
combined pericellular and portal fibrosis; 3, septal/bridging fibrosis; 4, cirrhosis. The
grade of NASH activity (A) was calculated by the addition of the grades of ballooning
and lobular inflammation (from A0 to A4). Based on the Steatosis, Activity, and
Fibrosis score evaluation[35], NASH was also classified histologically into mild (A ≤ 2
and F ≤ 2) and significant (A > 2 and/or F > 2).

Clinical and laboratory evaluation
Patient weight and height were measured using a calibrated scale after removing
shoes and heavy clothing, if any. Body mass index (BMI) was calculated as the ratio of
weight (in kilograms)/height (in square meters). Waist circumference was measured at
the mid-level between the lower rib and the iliac crest[36]. Venous blood samples were
obtained from the subjects after an overnight fast (12 h) to measure plasma glucose,
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma glutamyltranspeptidase, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol (LDL), TG, total bilirubin,
platelets, and ferritin concentrations. Serum vitamin D and fasting insulin levels were
obtained only from the NAFLD patients. Homeostasis Model Assessment was used to
evaluate insulin resistance and was calculated as fasting serum insulin (μU/mL) ×
fasting plasma glucose (mmol/L)/22.5[37]. All biochemical parameters were measured
in a conventional automated analyzer. A blood sample was also obtained for DNA
extraction and genotyping.

DNA preparation and single nucleotide polymorphism genotyping
Genomic DNA was extracted using the high salt method[38]. A predesigned TaqMan®
probe (Applied Biosystems, Foster City, CA, United States) was purchased for
genotyping rs738409 (C_7241_10) and rs58542926 (C_89463510_20). Genotyping was
performed by real-time PCR in allelic discrimination mode, using the Strategene®
Mx3005 equipment (MxPro QPCR System, 2007 Software, La Jolla, CA, United States).
PCR protocols were carried out according to the TaqMan® Genotyping Master Mix
manufacturer’s instructions (Applied Biosystems, Foster City, CA, United States). The
success rates of these assays were > 99%.

Statistical analysis
Statistical analyses were performed using SPSS 23.0 software (IBM, United States).
Data are expressed as mean ± SD for normally distributed continuous variables, as
median and interquartile range when the distribution was skewed, or as number and
percentage for qualitative variables. Continuous variables distribution was assessed by
the Shapiro-Wilk test. The Hardy-Weinberg equilibrium was checked for all individual
single nucleotide polymorphisms (SNPs)[39]. The Student’s t-test or a non-parametric
test, i.e., Mann-Whitney U-test were used to compare quantitative data, as appropriate.
χ2 test or Fisher’s exact tests were used for comparison of categorical data. All tests
were two-tailed and P values < 0.05 were considered significant. Variables associated
with a P value < 0.20 in univariate analysis were included in multivariate analysis.
Multinomial binary logistic regression analysis was performed to detect the effect of
a SNP mutation on liver histology. For association analysis, the PNPLA3 rs738409 and
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the TM6SF2 rs58542926 variants were coded in an additive and dominant genetic
model. The model fit was assessed by the Hosmer-Lemeshow test.

RESULTS
Patient characteristics
Clinical features, anthropometric variables and laboratory findings of the 148 NAFLD
patients and 137 controls are shown in Table 1.
Comparing the NAFLD group with the controls, there were no significant
differences regarding gender and age distributions. NAFLD patients showed a
significantly higher frequency of the metabolic syndrome components–T2DM, arterial
hypertension and dyslipidemia–and significantly higher values of BMI. Fasting
glucose, TG, AST, ALT, ALP and gamma glutamyltranspeptidase serum
concentrations were also significantly higher in the NAFLD subjects (Table 1).
Liver biopsy was performed in 65 of the NAFLD patients (43.9%). Based on
histological findings, 54 (36.5%) individuals (7 with cirrhosis) were included in the
NASH group. The SS group included 94 (63.5%) NAFLD subjects without a clinical
indication for histological examination (i.e. patients without metabolic syndrome
and/or advanced fibrosis by noninvasive methods) and those without NASH on
biopsy. Clinical and demographic characteristics of the NASH and SS patients are
depicted in Table 2.
A significantly higher proportion of subjects in the NASH group had T2DM or
impaired fasting glucose (IFG) when compared to the SS group, but there was no
difference regarding the frequency of arterial hypertension, dyslipidemia or BMI. AST,
ALT and ferritin serum concentration levels were significantly higher in the NASH
group than in the SS group (Table 2). Fibrosis was detected in 35 of the 65 biopsies: F1
= 18, F2 = 5, F3 = 5, and F4 = 7.

Association between clinical and metabolic characteristics and the PNPLA3 variant
The PNPLA3 gene was successfully amplified by real-time PCR in all NAFLD patients
and controls. The minor allele frequency (MAF) of PNPLA3 rs738409 in overall
patients was 34%, and the genotype frequencies were CC 47%, CG 38% and GG 15%.
The Hardy-Weinberg equilibrium was demonstrated for the selected SNP of PNPLA3
in the NAFLD (P = 0.26) and the control (P = 0.07) groups.
The C and G allele frequencies in the NAFLD patients were 59% and 41%,
respectively, and were 74% and 26% among the controls. PNPLA3 genotypes are
described in Table 3; their frequencies were significantly different between the NAFLD
patients and the controls (P < 0.001).
The chance of NAFLD was increased by the presence of the G allele [odds ratio (OR)
= 2.37, 95%CI: 1.47-3.82; P < 0.001], even after adjustment for age, gender, BMI and
T2DM/IFG (OR = 1.69, 95%CI: 1.21-2.36; P = 0.002) (Table 4). This association was
even stronger when CC homozygotes were compared with GG homozygotes (OR =
3.13, 95%CI: 1.49-6.57; P = 0.003).
In the NAFLD group, no association was found between PNPLA3 CC vs CC + CG
genotypes concerning BMI (P = 0.421), waist circumference (P = 0.641), FG (P = 0.795),
high-density lipoprotein cholesterol (P = 0.723), low-density lipoprotein (P = 0.614)
and TG (P = 0.269). On the other hand, serum AST (P < 0.001) and ALT (P = 0.002)
were associated with the presence of rs738409 G allele at PNPLA3.

Association between histological features and the PNPLA3 variant
The NAFLD group was assessed for the association between histological features
including steatosis, ballooning, inflammation and fibrosis, and the PNPLA3 genotype.
Although the presence of hepatic steatosis on US was associated with the G variant
rs738409, we found no association between the histological grade of steatosis and the
presence of the G allele (Figure 1B). The severity of both lobular inflammation and
hepatocellular ballooning was associated with the PNPLA3 variant G allele (P < 0.001).
The prevalence of NASH was 50% in the NAFLD subjects with the CC genotype
(10/20), 77% in those with the CG genotype (23/30), and 100% in those with the GG
genotype (15/15) (P < 0.001) (Figure 1A). G allele presence increased the chance of
NASH (OR = 2.21, 95%CI: 1.04-4.71, P = 0.039), especially after adjusted for age,
gender, BMI and T2DM (OR = 3.50, 95%CI: 1.84-6.64, P < 0.001). This chance was even
higher when we analyzed homozygosis GG vs CC (OR = 6.07, 95%CI: 2.06-17.81, P =
0.001), even after the same adjusted model (OR = 5.53, 95%CI: 2.04-14.92, P = 0.001)
(Table 4).
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Table 1 Clinical and demographic characteristics of nonalcoholic fatty liver disease patients and controls
Variables

NAFLD, n = 148

Controls, n = 137

P value

Female

111 (75.0%)

97 (70.8%)

0.426

Age (yr)

57 (46.3-63)

55 (43 61.5)

0.610

BMI (kg/m2)

32.8 ± 4.8

25.4 ± 3.3

< 0.0001

Hypertension

98 (66.2%)

24 (17.5%)

< 0.0001

Diabetes mellitus

69 (46.6%)

12 (8.8%)

< 0.0001

Dyslipidemia

108 (73.0%)

19 (13.5%)

< 0.0001

Fasting glucose (mg/dL)

101 (90-124.8)

88 (83-98)

< 0.0001

AST (U/L)

34 (25.5-56.5)

24 (20.3-29)

< 0.0001

ALT (U/L)

38 (28-70.5)

29.5 (23-38)

< 0.0001

GGT (U/L)

53 (29-116)

28 (18.5-55.5)

< 0.0001

ALP (U/L)

97 (74-116.8)

75 (58.3-83.8)

< 0.0001

Total bilirubin (mg/dL)

0.6 (0.5-0.9)

0.7 (0.5-0.8)

0.438

Triglycerides (mg/dL)

162.5 (110-205.3)

126.5 (93-176)

0.006

Total cholesterol (mg/dL)

195.8 ± 41.5

179.9 ± 47.1

0.006

VLDL (mg/dL)

32 (22-42.3)

24.5 (17.3-33.8)

0.001

HDL (mg/dL)

48 (39.5-54)

47 (40.5-60.8)

0.404

LDL (mg/dL)

107.5 (89.5-137.9)

96 (67.8-117.5)

0.009

Platelets (10 /L)

219.4 ± 81.8

254.6 ± 82.4

0.439

Ferritin (ng/mL)

89 (42.7-168.5)

32 (32-32)

0.349

D vitamin (ng/mL)

22 (19-27.7)

26.95 (20.5-32.5)

0.139

9

The data are expressed as n (%), or as mean ± SD for normally distributed variables and as median (interquartile range) when distribution of the variable
was skewed. NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index; AST: Serum aspartate aminotransferase; VLDL: Very low-density
lipoprotein; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; LDL: Low-density lipoprotein cholesterol.

The chance of significant NASH activity (A > 2) was higher in homozygosis GG (OR
= 17.11; 95%CI: 1.87-156.25; P = 0.012) in multivariate analysis. Based on the Steatosis,
Activity, and Fibrosis score, significant NASH was associated with PNPLA3 GG
genotype (Figure 1D).
The presence of fibrosis was observed in 7 of the 20 (35%) patients who underwent
liver biopsy with the CC genotype; in 16 of 30 (53%) with the CG genotype, and in 12
of 15 (80%) with the GG genotype (P = 0.01) (Figure 1F). Presence of the G allele
increased the chance of liver fibrosis in a model adjusted for age, gender, BMI and
T2DM/IFG (OR = 3.05; 95%CI: 1.01-9.17; P = 0.04). The GG homozygosis increased the
chance of fibrosis (OR = 7.42; 95%CI: 1.55-35.47; P = 0.01) after the same adjusted
model (Table 5).

Association between the TM6SF2 variant, clinical characteristics and histological
features
The TM6SF2 rs58542926 genotypes were confirmed to be in Hardy–Weinberg
equilibrium with a MAF in the overall NAFLD cohort of 8%. The genotype frequencies
were CC 84%; CT 15%; and TT 1%.
TM6SF2 genotype distribution among NAFLD and controls are described in
Table 6. There was no significant difference in the allele distribution between cases and
controls (P = 0.78). The frequencies of T alleles were 9% in the controls and 8% in
NAFLD patients. The presence of T alleles was not associated with NAFLD or NASH
in univariate or multivariate analysis. TM6SF2 T alleles were more frequent in the
NASH group (22%) than in the SS group (12%), but without statistical significance (P =
0.89).
Finally, there was no association between the gene TM6SF2 rs58542926 and liver
steatosis (P = 0.62), ballooning (P = 0.14), lobular inflammation (P = 0.99) and fibrosis (
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Table 2 Clinical and demographic characteristics of the nonalcoholic steatohepatitis and simple steatosis population
Variables

NASH, n = 54

Simple steatosis, n = 94

P value

Female

44 (81.5%)

67 (71.3%)

0.169

Age (yr)

59 (45.8-63)

57 (47.8-64)

0.935

BMI (kg/m2)

32.7 ± 4.8

32.8 ± 4.8

0.968

WC

106.6 (100-114)

105.3 (96-113.8)

0.306

Arterial hypertension

39 (72.2%)

59 (62.8%)

0.886

Diabetes mellitus

35 (64.8%)

34 (36.2%)

0.007

Dyslipidemia

45 (83.3%)

63 (67.0%)

0.248

Fasting insulin

16.5 (11.9-31)

14 (8-18)

0.055

Fasting glucose (mg/dL)

112.5 (91-151.5)

98 (90-112)

0.019

AST (U/L)

53.5 (31.7-69)

30 (23-38)

< 0.001

ALT (U/L)

61 (36-79.3)

33 (24-49)

< 0.001

GGT (U/L)

87 (51.7-164.3)

39 (27-73.3)

< 0.001

ALP (U/L)

99 (78-127.5)

88 (72-116)

0.075

Total bilirubin (mg/dL)

0.59 (0.5-0.9)

0.6 (0.5-0.9)

0.986

Triglycerides (mg/dL)

162 (113-227.8)

163 (109.25-201)

0.544

Total cholesterol (mg/dL)

196.4 ± 39.9

195.4 ± 42.7

0.793

VLDL (mg/dL)

32 (22.8-45.3)

32 (22-40.8)

0.440

HDL (mg/dL)

46 (37.8-53)

48 (40-55)

0.432

LDL (mg/dL)

108.5 (89-138.4)

107 (88.5-137.4)

0.793

Platelets (109/L)

184 ± 67.4

308 ± 1.4

0.053

Ferritin (ng/mL)

109 (56.75-267.5)

69 (37.2-143.8)

0.019

D vitamin (ng/mL)

21.1 (17.55-25.9)

23.4 (19-28)

0.086

HOMA-IR

5.26 (2.97-8.8)

3.36 (1.77-4.7)

0.330

The data are expressed as n (%), or as mean ± SD for normally distributed variables and as median (interquartile range) when distribution of the variable
was skewed. NASH: Nonalcoholic steatohepatitis; BMI: Body mass index; AST: Serum aspartate aminotransferase; VLDL: Very low-density lipoprotein;
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; LDL: Low-density lipoprotein cholesterol.

Table 3 PNPLA3 rs738409 genotype frequencies in nonalcoholic fatty liver disease patients and controls
Genotype frequency % (n)

P value

CC

CG

GG

NAFLD

37.2 (55)

43.9 (65)

18.9 (28)

Controls

58.4 (80)

31.4 (43)

10.2 (14)

< 0.001

Data were analyzed by the Chi-square test. NAFLD: Nonalcoholic fatty liver disease.

P = 0.89).

DISCUSSION
This study demonstrated that the PNPLA3 genotype is associated with NAFLD
susceptibility and different clinical forms. The presence of the G allele was associated
with NAFLD occurrence when compared to the controls, and with NASH when
compared to SS, in addition it was associated with higher NASH histological activity

WJH

https://www.wjgnet.com

798

October 27, 2020

Volume 12

Issue 10

Lisboa QC et al. PNPLA3 and TM6SF2 polymorphisms in Brazilians with NAFLD

Table 4 Association between the PNPLA3 rs738409 genotype and nonalcoholic fatty liver disease or nonalcoholic steatohepatitis,
adjusted for age, gender, body mass index and diabetes
Genotypes

OR

95%CI

P value

CC vs CG/GG

1.69

1.21–2.36

0.002

CC vs GG

3.13

1.49–6.57

0.003

CC vs CG/GG

3.50

1.84–6.64

< 0.001

CC vs GG

5.53

2.04-14.92

0.001

NAFLD vs Control

NASH vs SS

NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

Table 5 Association of the PNPLA3 rs738409 genotype and activity of nonalcoholic steatohepatitis and fibrosis, adjusted for age,
gender, body mass index and diabetes, evaluated by multivariate binary logistic regression analysis
Genotypes

OR

95%CI

P value

CC vs CG/GG

0.65

0.22-1.88

0.433

CC vs GG

17.11

1.87 - 156.25

0.012

CC vs CG/GG

3.05

1.01-9.17

0.046

CC vs GG

7.42

1.55-35.47

0.012

Activity of NASH (A > 2 vs A < 2)

Fibrosis (presence vs absence)

NASH: Nonalcoholic steatohepatitis.

Table 6 TM6SF2 rs58542926 genotype frequencies in nonalcoholic fatty liver disease patients and controls
Genotype frequency % (n)

P value

CC

CT

TT

NAFLD

83.2 (125)

14.9 (22)

0.7 (1)

Controls

84.5 (114)

16.1 (22)

0.7 (1)

0.78

NAFLD: Nonalcoholic fatty liver disease.

score and the presence of fibrosis in individuals with histopathological assessment.
The TM6SF2 genotype frequency was analyzed for the first time in a Brazilian
population, and we did not observe any significant difference in the variant gene
distribution between NAFLD patients and controls, or between NASH and SS subjects.
The first GWA study in NAFLD identified a single highly significant association
between increased hepatic TG content and the PNPLA3 [17]. Subsequent studies
demonstrated that this variant was also associated with the progression of NAFLD in
different ethnic populations around the world[21,25,26,41,42].
In the Brazilian population, there are only two studies on NAFLD and PNPLA3
genotypes[30,43]. Machado et al[43] investigated the gene polymorphism in T2DM
individuals and Mazo et al[30] evaluated the genetic variation in NAFLD subjects
compared to controls. The TM6SF2 polymorphisms were assessed in the investigation
by Mazo et al[30]; however, they were not in Hardy-Weinberg equilibrium in the
NAFLD group, which precluded this analysis. Therefore, the present study contributes
to the PNPLA3 genotype study in Brazil and is the first study to document the
distribution of TM6SF2 alleles and genotypes in Brazilian NAFLD patients.
In this sample, the frequency of the minor (G) allele at PNPLA3 rs738409 was higher
(34%) than the frequency reported in European (23%) and African (15%) individuals,
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Figure 1 Relationship between the rs738409 genotype and the histological parameters. A: Prevalence of nonalcoholic steatohepatitis (NASH) P =
0.001; B: Prevalence of absent (S = 0) and mild (S = 1) steatosis or moderate (S = 2) and severe (S = 3) steatosis (P = 0.099); C: Prevalence of mild (A ≤ 2) or
significant (A > 2) activity of NASH (P = 0.013); D: Prevalence of mild (A ≤ 2 and F ≤ 2) or significant (A > 2 and/or F > 2) grade of NASH based on the Steatosis,
Activity, and Fibrosis score evaluation (P = 0.003); E: Prevalence of mild to moderate fibrosis (F0-F2) or advanced fibrosis (F3-F4) (P = 0.001); and F: Prevalence of
fibrosis occurrence (P = 0.010). NASH: Nonalcoholic steatohepatitis.

lower than observed in American subjects (45%), and similar to that found in East
Asian individuals (35%). The observed differences in the MAF for rs738409 between
different racial groups are in agreement with the differences in the risk of hepatic
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steatosis[44].
Findings from this study confirmed the association between PNPLA3 and liver fat
content, and showed that the rs738409 G allele increases the chance of NAFLD in
Brazilian patients by about 1.6-fold, regardless of metabolic syndrome features.
Furthermore, GG homozygosis seems to have an even stronger association with liver
fat.
NAFLD is currently considered the hepatic manifestation of the metabolic
syndrome[45]. In a recent meta-analysis, most of the included studies showed lack of
association between PNPLA3 genotypes and BMI, fasting glucose levels and
Homeostasis Model Assessment[21]. In the study by Machado et al[43], analysis of the
associations between PNPLA3 genotypes and the metabolic syndrome components in
a T2DM population demonstrated that the G allele was only associated with better
glycemic control. In the current study, we found no association between
anthropometric and metabolic parameters with the PNPLA3 gene variant, which
confirms previous results.
The presence of the G allele was not only associated with NAFLD occurrence, but
also with the NASH phenotype in patients who underwent liver biopsy. This finding
was different to a previous Brazilian analysis[30], in which NASH occurrence was not
associated with the presence of the G allele in NAFLD individuals. This could be
attributed to the fact that the prior Brazilian study enrolled a small number of SS
individuals (n = 34) and the SS: NASH proportion was 1.0: 6.3, whereas in our study it
was 1.7: 1.0.
Interestingly, no significant association between rs738409 and steatosis grade was
found in our study. However, the grade of NASH histological activity and the
presence of fibrosis were associated with the PNPLA3 genotype. In fact, our data
support that more aggressive disease with higher fibrosis scores was associated with
rs738409 variation–subjects with higher activity scores (A > 2) were 17 times more
likely to be GG homozygous than to be homozygous for the C allele; and subjects with
liver fibrosis were 7.4-fold more likely to be GG homozygous than to be CC. Lack of
significant association between histological steatosis grade and rs738409 genotype was
observed in at least two other case-control studies[46,47]; and an association between
PNPLA3 and inflammation activity and fibrosis in NAFLD has also been found in
other studies[21,23,25]. Our study, however, was limited by the fact that only 44% of the
patients underwent liver biopsy.
As stated, the TM6SF2 rs58542926 genotypes were described in this study for the
first time in Brazilians. The MAF (8%) was similar to that observed in a Northern
European sample (7%)[48], but lower than that observed in other European samples
(12% and 13%)[28,29]. Different to that described in other studies[27,29,41,42], we did not find
significant differences regarding the TM6SF2 genotypes between NAFLD patients and
controls, or between NASH and SS individuals. This finding suggests that in the
Brazilian population, the genetic variants of rs58542926 TM6SF2 may have a distinct
influence on NAFLD than that observed in other populations, which is
understandable, as Brazilian NAFLD patients have been reported as an admixed
population presenting genetic ancestry contributions from European (48.8%), African
(41.7%) and Amerindian (9.5%)[49]. Besides that, as TM6SF2 MAF is less frequent in the
general population, larger samples may be required to confirm this finding.

CONCLUSION
In conclusion, we observed that PNPLA3 may be involved in the progression of
NAFLD in the Brazilian population. Individuals who had histopathological
assessment and more advanced liver disease were more likely to carry the G allele.
The TM6SF2 genetic variants were not associated with NAFLD susceptibility and
severity in the population studied, although further studies with larger samples are
required to confirm these findings.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in
Western countries and encompasses a spectrum ranging from simple steatosis to
nonalcoholic steatohepatitis (NASH). Although highly prevalent, only a minority of
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NAFLD patients develop significant fibrosis. Thus, NAFLD is considered a complex
disorder in which the disease phenotype results from an interaction between
environmental exposure and a susceptible polygenic background. Polymorphisms of
PNPLA3 and TM6SF2 genes have been associated with greater susceptibility to
NAFLD development in previous studies.

Research motivation
There is only one genetic study in Brazilian NAFLD patients, and TM6SF2
polymorphism has not yet been analyzed in this population. As Brazilian NAFLD
subjects have been reported as an admixed population presenting diverse genetic
ancestry contributions, it is relevant to study the associations between various
genotypes and fatty liver disease progression.

Research objectives
We aimed to investigate the association between PNPLA3 and TM6SF2 genotypes and
clinical parameters of NAFLD, and analyzed the genotype variations as markers of
liver histological features in adult Brazilian NAFLD patients. We also investigated the
distribution of these genotype variations among Brazilians.

Research methods
This cross-sectional study enrolled 285 individuals, of which 148 patients had features
of NAFLD (case patients) and 137 were non-NAFLD control subjects. NAFLD was
diagnosed based on hepatic steatosis by liver ultrasonography and exclusion of other
causes of liver disease. Patients who had decompensated cirrhosis or were taking
drugs that induce steatosis were excluded. From the total of NAFLD patients, 65
underwent liver biopsy according to the clinical protocol of increased risk for NASH
and/or advanced fibrosis. DNA was obtained for genotyping PNPLA3 at rs738409 and
TM6SF2 at rs58542926.

Research results
PNPLA3 CC, CG and GG genotype frequencies were 37%, 44% and 19%, respectively,
in NAFLD patients and were 58%, 31% and 10% in controls (P < 0.001). In a model
adjusted for gender, age, body mass index and type 2 diabetes mellitus, the G allele
increased the chance of NAFLD (OR = 1.69, 95%CI: 1.21-2.36, P = 0.002) and NASH
(OR = 3.50, 95%CI: 1.84-6.64, P < 0.001). The chance of NASH was even higher with
GG homozygosis (OR = 5.53, 95%CI: 2.04-14.92, P = 0.001). No association was found
between G allele and the features of metabolic syndrome. In the histological
assessment, PNPLA3 genotype was not associated with steatosis grade, although GG
homozygosis increased the chance of significant NASH activity (OR = 17.11, 95%CI:
1.87-156.25, P = 0.01) and fibrosis (OR = 7.42, 95%CI: 1.55-34.47, P = 0.01) in the same
adjusted model. TM6SF2 CC, CT and TT genotype frequencies were 83%, 15% and
0.7%, respectively, in NAFLD patients and were 84%, 16% and 0.7% in controls (P =
0.78). Presence of the T allele was not associated with NAFLD or NASH, or with
histological features.

Research conclusions
PNPLA3 may be involved in the susceptibility and progression of NAFLD and NASH
in the Brazilian population. More advanced histological liver disease was associated
with the G allele. The TM6SF2 genetic variants were not associated with NAFLD
susceptibility and progressive histological forms in the population studied.

Research perspectives
The description of variant genotypes distribution in NAFLD Brazilian patients
contributes to a better understanding of the disease clinical characteristics and atypical
features in this population. As the TM6SF2 polymorphism is less frequent in the
general population, investigations with larger sample are needed. Further studies may
investigate additional particular components of fatty liver disease in Brazil. The role of
genotyping assessment for risk stratification is still uncertain.
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Abstract
BACKGROUND
Sarcopenia, which is a loss of skeletal muscle mass, has been reported to increase
post-transplant mortality and morbidity in patients undergoing the first liver
transplant. Cross-sectional imaging modalities typically determine sarcopenia in
patients with cirrhosis by measuring core abdominal musculatures. However,
there is limited evidence for sarcopenia related outcomes in patients undergoing
liver re-transplantation (re-OLT).
AIM
To evaluate the risk of mortality in patients with pre-existing sarcopenia following
liver re-OLT.
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METHODS
This is a retrospective study of all adult patients who had undergone a liver reOLT at the University of Nebraska Medical Center from January 1, 2007 to
January 1, 2017. We divided patients into sarcopenia and no sarcopenia groups.
“TeraRecon AquariusNet 4.4.12.194” software was used to evaluate computed
tomography or magnetic resonance imaging of the patients done within one year
prior to their re-OLT, to calculate the Psoas muscle area at L3-L4 intervertebral
disc. We defined cutoffs for sarcopenia as < 1561 mm2 for males and < 1464 mm2
for females. The primary outcome was to compare 90 d, one, and 5-year survival
rates. We also compared complications after re-OLT, length of stay, and readmission within 30 d. Survival analysis was performed with Kaplan-Meier
survival analysis. Continuous variables were evaluated with Wilcoxon rank-sum
tests. Categorical variables were evaluated with Fisher’s exact tests.
RESULTS
Fifty-seven patients were included, 32 males: 25 females, median age 50 years.
Two patients were excluded due to incomplete information. Overall, 47% (26) of
patients who underwent re-OLT had sarcopenia. Females were found to have
significantly more sarcopenia than males (73% vs 17%, P < 0.001). Median model
for end stage liver disease at re-OLT was 28 in both sarcopenia and no sarcopenia
groups. Patients in the no sarcopenia group had a trend of longer median time
between the first and second transplant (36.5 mo vs 16.7 mo). Biological markers,
outcome parameters, and survival at 90 d, 1 and 5 years, were similar between the
two groups. Sarcopenia in re-OLT at our center was noted to be twice as common
(47%) as historically reported in patients undergoing primary liver
transplantation.
CONCLUSION
Overall survival and outcome parameters were no different in those with and
without the evidence of sarcopenia after re-OLT.
Key Words: Sarcopenia; Liver transplantation; Mortality; Re-transplantation; Psoas muscle
index
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a limited data on outcomes among patients with sarcopenia
undergoing re-transplantation of the liver. A retrospective study of 57 patients who
underwent re-transplantation showed 47% of patients had sarcopenia by Psoas muscle
index at the level of L3-L4 Intervertebral disc prior to re-transplantation. Biological
markers, outcome parameters, and survival at 90 d, 1 and 5 years, were similar between
the two groups. Sarcopenia in re-transplantation was noted to be twice as common as
historically reported in patients undergoing primary liver transplantation.

Citation: Dhaliwal A, Larson D, Hiat M, Muinov LM, Harrison WL, Sayles H, Sempokuya T,
Olivera MA, Rochling FA, McCashland TM. Impact of sarcopenia on mortality in patients
undergoing liver re-transplantation. World J Hepatol 2020; 12(10): 807-815
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/807.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.807

INTRODUCTION
The European Working Group on Sarcopenia in older people defined sarcopenia as the
progressive and generalized loss of skeletal muscle mass and strength, resulting in an
increased risk of poor quality of life and death[1]. Due to the alterations in protein
turnover and metabolic changes in liver disease, sarcopenia is a common complication
of cirrhosis[2]. In patients with cirrhosis, sarcopenia can be identified using crosssectional imaging modalities such as computed tomography (CT) or magnetic
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resonance imaging (MRI) to measure skeletal muscle area of core abdominal
muscles[3]. Skeletal muscle measurements are obtained at the level of the third-fourth
lumbar vertebrae as measurements at this level give an accurate estimation of total
body skeletal muscle mass[4]. Psoas muscle area (PMA) is most commonly measured as
it can be easily evaluated by imaging and is not susceptible to compression by
ascites[5]. Sarcopenia is diagnosed when PMA is less than 1561 mm2 in men and less
than 1464 mm2 in women with cirrhosis[3].
Sarcopenia has been noted in 22%-65% of cirrhotic patients and is associated with
increased waiting list mortality in liver transplant patients, with studies reporting at
least a 2-fold higher risk of mortality in sarcopenic patients compared to those without
sarcopenia[3,4,6-8]. Sarcopenia is also associated with higher mortality after primary liver
transplantation, with one-year survival rates following primary liver transplant
ranging from 50%-64% for sarcopenic patients compared with 85%-94% for nonsarcopenic patients[3,9,10]. Graft survival is also affected by sarcopenia, and patients
without sarcopenia experience significantly higher one-year graft survival rates than
do patients with sarcopenia (90.1% and 77.9%, respectively)[11].
For liver transplant recipients with graft failure, re-transplantation (re-OLT) is the
only effective treatment option[12]. The United Network for Organ Sharing reported
that the graft failure rate for orthotopic liver transplant (OLT) recipients in the United
States in 2016 was 7.3% and 9.8% at six months and one year, respectively[13]. Similarly,
recent studies have found the incidence of re-OLT among OLT recipients to be 4%17%[13-20]. While survival rates following primary liver transplantation continue to
improve, overall survival following re-OLT remains 10% to 20% lower than after
primary OLT[13,18].
Given the limited number of organs available for transplant, it is essential to
determine factors that may be associated with increased mortality after liver retransplantation. While sarcopenia has been associated with worse outcomes, and a
higher risk of mortality following primary OLT, the effect of sarcopenia on re-OLT has
not been addressed. Interestingly, studies have shown that sarcopenia can be
reversible, with 28% of patients experiencing resolution of sarcopenia following
primary OLT[21]. However, the incidence of sarcopenia prior to re-OLT is not well
reported. This study was undertaken to examine the relationship between sarcopenia
and re-OLT and to determine whether sarcopenia prior to re-OLT increases the risk of
mortality following re-OLT.

MATERIALS AND METHODS
Study design
This is a retrospective study of the patients who had liver re-OLT at University of
Nebraska Medical Center (UNMC) between 01/01/07 and 01/01/2017. The study was
approved by Institutional Review Board (IRB) of UNMC (IRB number# 236-17-EP).
Two experienced staff body radiologists retrospectively evaluated abdominal CTs or
MRIs of these patients, which were obtained within one year prior to their liver retransplantation. “TeraRecon Aquarius Net 4.4.12.194” software (Foster City, CA, USA)
was utilized to calculate the 2D PMA of each psoas muscle, measured in a
semiautomatic fashion on a single axial image at L3-L4 intervertebral disc level. The
sum of bilateral PMAs was recorded (Figure 1). Based on PMA, patients were divided
into sarcopenia vs no sarcopenia group. Sarcopenia was defined as PMA < 1561 mm2
for males and PMA < 1464 mm2 for females[3].

Study subjects
Inclusion criteria were: (1) Age > 18 years old; and (2) Patients who had liver re-OLT
between 01/01/07 - 01/01/2017 and had CT or MRI of the abdomen and pelvis done
within one year prior to their liver re-OLT were included. Exclusion criteria were: (1)
Patients who did not meet the inclusion criteria; (2) Pregnant females; and (3)
Incomplete medical record information.

Study outcomes and statistical analysis
The primary outcome was to compare 90 d, one, and 5-year survival rates between the
two groups (sarcopenia vs no sarcopenia). Secondary outcomes: Hospital length of
stay (LOS), intensive care unit (ICU) LOS, readmission within 30 d, need for dialysis,
pulmonary complications, primary non-function (PNF), acute rejection episodes,
arterial and biliary complications between patients who had sarcopenia vs no
sarcopenia. Pulmonary complications are conditions such as pneumonia, pleural
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Figure 1 The 2D Psoas muscle area of each psoas muscle, measured in a semiautomatic fashion on a single axial image at L3-L4
intervertebral disc level.

effusions, or respiratory failure requiring supplement oxygen. PNF was defined as an
irreversible graft failure requiring emergent liver retransplantation during the first 10
d of the transplantation. Acute rejection episodes were biopsy proven. Arterial
complications were defined mainly as conditions such as hepatic artery thrombosis
and stenosis. Biliary complications were defined as conditions such as biloma
formation, cholangitis, anastomotic strictures and anastomotic leak. Potential
confounding variables were also evaluated between those with and without
sarcopenia including age, sex, body mass index, model for end stage liver disease
(MELD), the time between the first and second transplants, and several biomarkers
such as albumin, platelet counts, creatinine, International Normalized Ratio (INR),
sodium, and presence of ascites. Comparison of baseline characteristics were done on
sarcopenia and no sarcopenia groups to minimize selection bias. Survival analysis was
conducted with Kaplan-Meier survival curve. Wilcoxon rank-sum tests were used to
evaluate continuous variables, while Fisher’s exact tests were used to compare
categorical variables. P values of less than 0.05 were considered significant. All
statistical analyses were conducted using STATA version 14 (The Stata Corp, College
Station, TX, United States). The statistical methods of this study were reviewed by
Harlan Sayles from Department of Biostatistics, College of Public Health, UNMC.

RESULTS
A total of 57 patients were included in our study; 32 (56%) were males and 25 (44%)
were females. The overall median age in our study was 50 years. Two patients were
excluded from the no sarcopenia group due to incomplete information. Overall, 47%
(26) of patients underwent re-OLT had sarcopenia and 53% (29) of patients had no
evidence of sarcopenia.

Demographics and other potential confounding variables
In our study, female gender was found to be significantly associated with sarcopenia
with P < 0.001 (73% females vs 17% females in no sarcopenia group). Median MELD at
re-OLT was 28 in both the groups. Patients in the no sarcopenia group had a trend of
longer median time between the first and second transplant as compared to patients in
the sarcopenia group, however this was not significant (36.5 mo vs 16.7 mo, P = 0.34).
Biological markers including albumin, platelets, creatinine, INR and sodium were
similar in both the groups (Table 1). There was no difference noted in regard to the
presence of ascites in patients with sarcopenia vs no sarcopenia group (81% vs 62%, P =
0.13)
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Table 1 Demographics and biochemical variables in our patient population
Potential confounder

n

Sarcopenia [Median (IQR) or n (%)]

No sarcopenia [Median (IQR) or n
(%)]

P value

Age (yr)

55

49.5 (34, 59)

50 (34, 59)

0.906

Male sex

55

7 (27)

25 (86)

< 0.001

BMI

55

24 (23, 29)

24.7 (21.7, 30.9)

0.781

55

28 (24, 33)

28 (24, 33)

0.846

55

16.7 (5.2, 108.1)

36.5 (7.4, 121.4)

0.337

Albumin

55

2.6 (2.1, 3.3)

2.7 (2.4, 3.1)

0.685

Platelets

55

100 (75, 189)

127 (79, 189)

0.544

Cr

55

1.24 (0.87, 1.76)

1.55 (1.26, 2.01)

0.149

INR

55

1.3 (1.1, 2.1)

1.5 (1.1, 1.8)

0.892

Na

55

136 (132, 139)

136 (134, 138)

0.716

Ascites

55

21 (81)

18 (62)

0.127

MELD1
st

nd

Time between 1 and 2

OLT (mo)

IQR: Interquartile range; BMI: Body mass index; Cr: Creatinine; MELD: Model for end-stage liver disease; OLT: Orthotopic liver transplantation; INR:
International normalized ratio; Na: Sodium.

Primary and secondary outcomes
The survival rates between sarcopenia and no sarcopenia group at 90 d (88% vs 90%),
1-year (76% vs 81%) and 5-year (59% vs 68%) were similar. No statistical difference was
noted in terms of mortality. Kaplan-Meier survival estimates were performed at 90 d,
one, and 5-years between the two groups depicting no difference in the survival
(Figure 2). The median ICU LOS, readmission to ICU, number of days intubated, need
for dialysis and readmissions within 30 d were comparable between the two groups.
The median total hospital LOS in no sarcopenia group was higher (21 d) as compared
to sarcopenia group (14 d), but this was not statistically significant. The sarcopenia
group had trend of higher pulmonary complications as compared to no sarcopenia
group (38% vs 18%, P = 0.1). The post-transplant graft complications in terms of PNF,
acute rejections, arterial and biliary complications were similar between the two
groups (Table 2).

DISCUSSION
Due to the high prevalence of sarcopenia in patients with cirrhosis and its association
with adverse outcomes, it is important to identify patients with sarcopenia prior to
liver transplantation. While multiple modalities have been used to diagnose
sarcopenia, the current gold standard is to use CT and/or MRI imaging to estimate
muscle mass[1]. These imaging modalities are preferred as they provide higher
accuracy in quantifying muscle and fat as compared to other methods such as dualenergy X-ray absorptiometry or bio impedance analysis[5]. While earlier studies used
the third lumbar skeletal muscle index (L3) to identify sarcopenia, recent studies have
shown that PMA gives a more accurate estimation of total body skeletal muscle mass
as it is not affected by ascites or hepatomegaly[3,5]. PMA has also been shown to be
strongly associated with post-transplant mortality[9]. For these reasons, we used PMA
obtained from CT and/or MRI images to diagnose sarcopenia in our study population.
Studies have shown that up to 17% of cirrhotic patients who undergo liver
transplantation will require re-OLT due to graft failure. The most common indications
for liver re-OLT reported in the literature include PNF, hepatic artery thrombosis,
arterial and biliary complications, recurrence of disease and acute or chronic rejection.
The median time interval from primary transplantation to re-OLT ranged from 8 d to
557 d in these studies[13,14,16-19]. Similar to previous studies, patients in our study
underwent re-OLT for PNF, acute rejection, hepatic artery thrombosis, arterial and
biliary complications. The incidence of these complications was similar in patients
with sarcopenia compared to those without. Compared to previous studies, our study
population without sarcopenia had longer median time from primary transplantation
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Table 2 Associations between sarcopenia status and outcomes
Outcome

n

Sarcopenia Median (IQR) or n (%)]

No Sarcopenia Median (IQR) or n (%)]

P value

Post-op survival for 90 d

55

23 (88)

26 (90)

1.000

Post-op survival for 1 yr

52

19 (76)

22 (81)

0.740

Post-op survival for 5 yr

41

13 (59)

13 (68)

0.746

ICU length of stay (d)

55

3 (2, 4)

2 (2, 5)

0.696

Readmission to ICU

54

4 (15)

4 (14)

1.000

Total length of stay (d)

55

13.5 (10, 27)

21 (9, 28)

0.661

Intubation days

55

1.5 (1, 3)

1 (1, 3)

0.484

Pulmonary complications

54

10 (38)

5 (18)

0.131

Need for dialysis

54

6 (23)

7 (25)

1.000

Readmission within 30 d

55

13 (50)

13 (45)

0.790

PNF

55

2 (8)

0 (0)

0.219

Acute rejection

55

2 (8)

4 (14)

0.672

Arterial complications

55

6 (23)

5 (17)

0.739

Biliary complications

55

8 (31)

10 (34)

1.000

IQR: Interquartile range; ICU: Intensive care unit; PNF: Primary non-function.

Figure 2 Kaplan-Meier analysis showings 90-d, 1-year and 5-year survival analysis in patients with sarcopenia status.

to re-OLT compared to sarcopenic patients (36.5 mo vs 16.7 mo). Although clinically,
this was an important finding, but this difference was not statistically significant (P =
0.34). Unlike previous studies which have shown that sarcopenia is more prevalent in
males, we found female gender to be significantly associated with sarcopenia in our
study[7,21].
Sarcopenia has been well studied in patients undergoing primary liver
transplantation but the effects of sarcopenia on patients who require re-OLT remain
relatively unknown. Given that many of the clinical consequences of cirrhosis reverse
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with liver transplantation, it might be expected that sarcopenia also improves
following transplantation. Montano et al[21] studied sarcopenia in cirrhotic patients
undergoing liver transplantation and found that 28% of patients experienced
resolution of sarcopenia following transplant. Other studies, however, found that the
incidence of sarcopenia increased after transplant[5,8]. In a study by Tsien et al[8], 94% of
patients with pre-transplant sarcopenia had persistent sarcopenia after transplant, and
sarcopenia developed in 44% of patients who did not have sarcopenia prior to OLT.
Likewise, Jeon et al[5] found the prevalence of sarcopenia after liver transplant to be
46%, an increase from 36% prior to transplant. Similarly, we found the incidence of
sarcopenia at our center to be 47%, suggesting that sarcopenia persists after initial
transplant. Potential mechanisms for this include ongoing muscle loss due to
immunosuppression regimens as well as prolonged hospital courses and sedentary
lifestyle following transplant[22].
The adverse effects of sarcopenia on cirrhotic patients undergoing liver
transplantation are well documented in the literature. Patients with sarcopenia
experience longer hospital stays as well as longer stays in the ICU[3,11,21]. They also have
a higher frequency of bacterial infections and post-operative sepsis[11,21,23]. Infections
which occur in sarcopenic patients are also more likely to be severe[24]. Interestingly,
we found no difference in total hospital LOS or ICU LOS after re-OLT in patients with
sarcopenia compared to those without sarcopenia. We did note higher rates of
pulmonary complications in patients with sarcopenia, however this difference was not
statistically significant. Most importantly, we found no significant difference in the
overall survival at 90 d, one and 5-year between patients with and without evidence of
sarcopenia. This finding was unexpected given that sarcopenia has been associated
with both higher waiting list mortality and post-transplant mortality[4]. Tandon et al[7]
reported that survival rates for patients on the waiting list were 16% higher at one year
and 19% higher at three years for non-sarcopenic patients compared to those with
sarcopenia. Furthermore, Englesbe et al[9] found that total psoas area significantly
affected post liver transplant mortality and the risk of mortality increased as psoas
area decreased. In that study, one-year survival after liver transplant was 49.7% for the
sarcopenic group and 87% for the non-sarcopenic group.
As 4%-17% of liver transplant recipients will require liver re-OLT, understanding
the impact of sarcopenia on these patients is becoming increasingly important[13-20].
However, few studies have examined sarcopenia in this population and the effects of
sarcopenia on mortality remain unknown. While we did not find any significant
difference in mortality between sarcopenic and non-sarcopenic patients, this may be
explained by our small population size.

Limitations
This is a single center retrospective study with small sample size of 55 patients (2
patients were excluded). The sarcopenia status of the patients prior to their first liver
transplant was unknown.

CONCLUSION
Sarcopenia in re-OLT at our center was noted to be twice as common (47%) as
historically reported in patients undergoing primary transplantation. Sarcopenia was
more common in females. Our study population with sarcopenia had shorter median
time from primary transplantation to re-OLT compared to the patients without
sarcopenia. However, in re-OLT patient’s overall survival and other outcome
parameters were no different in those with and without evidence of sarcopenia.
Further, multicenter studies are needed to validate our findings.

ARTICLE HIGHLIGHTS
Research background
Sarcopenia, which is a loss of skeletal muscle mass, has been reported to increase posttransplant mortality and morbidity in patients undergoing the first liver transplant.
Cross-sectional imaging modalities typically determine sarcopenia in patients with
cirrhosis by measuring core abdominal musculatures.
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Research motivation
Identification of sarcopenia is becoming more prevalent in the initial liver
transplantation. However, there is limited evidence for sarcopenia related outcomes in
patients undergoing liver re-transplantation (re-OLT).

Research objectives
The study aimed to evaluate the risk of mortality in patients with pre-existing
sarcopenia following liver re-OLT.

Research methods
This is a retrospective study of patients who had undergone a liver re-OLT. The
presence of sarcopenia was determined by the Psoas Muscle Area on cross-sectional
imaging. The primary outcome was to compare 90 d, one, and 5-year survival rates
between sarcopenia and no sarcopenia group.

Research results
Overall, 47% of patients who underwent re-OLT had sarcopenia. Biological markers,
outcome parameters, and survival at 90 d, 1 and 5 years, were similar between the two
groups. Sarcopenia in re-OLT at our center was noted to be twice as common as
historically reported in patients undergoing primary liver transplantation.

Research conclusions
Overall survival and outcome parameters were no different in those with and without
the evidence of sarcopenia after re-OLT.

Research perspectives
Although sarcopenia has been shown to predict the outcomes after the first liver
transplantation, our study did not show the difference in survival and outcome
parameters between sarcopenia and non-sarcopenia groups. Besides, sarcopenia was
more prevalent in patients undergoing re-OLT compared to initial transplantation.
Larger prospective studies are needed to assess the impact of sarcopenia in patients
undergoing re-OLT.
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Abstract
BACKGROUND
Pyogenic liver abscess (PLA) is a rare disease with an estimated incidence that
varies widely across the globe, being as high as 115.4/100000 habitants in Taiwan
and as low as 1.1-1.2/100000 habitants in Europe and Canada. Even though there
are multiple microorganisms capable of producing an abscess in the liver,
including Entamoeba histolytica, fungi, and viruses, most abscesses are derived
from bacterial infections. The epidemiology of PLA in Mexico is currently
unknown.
AIM
To describe the clinical, demographic and microbiologic characteristics of PLA in
Mexico.
METHODS
This is a retrospective study carried out in two centers, and included patients seen
between 2006 and 2018 with the diagnosis of pyogenic abscess. We collected
demographic, clinical, and microbiological information, treatment, complications,
and outcomes. A logistic regression analysis was used to determine the
association between different variables and mortality rates.
RESULTS
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A total of 345 patients were included in this study. 233 (67.5%) had confirmed
PLA, 133 (30%) patients had no positive culture and negative serology and 9
(2.5%) had mixed abscesses. The mean age was 50 years (ranging from 16-97
years) and 63% were female. 65% of the patients had positive cultures for
Extended Spectrum Beta-Lactamases (ESBL)-Escherichia coli and Klebsiella
pneumoniae. Cefotaxime was administered in 60% of cases. The most common
sources of infection were ascending cholangitis and cholecystitis in 34 (10%) and
31 (9%), respectively. The median length of hospital stay was 14 d. 165 patients
underwent percutaneous catheter drainage. The inpatient mortality rate was 63%.
Immunocompromised state [OR 3.9, 95%CI: 1.42-10.46], ESBL- Escherichia coli [OR
6.7, 95%CI: 2.7-16.2] and Klebsiella pneumoniae [OR 4-8, 95%CI: 1.6-14.4] predicted
inpatient mortality by multivariate analysis.
CONCLUSION
The prevalence of PLA is increasing in Mexico and has a very high mortality rate.
ESBL-Escherichia coli and Klebsiella pneumoniae are the most common
microorganisms causing PLA and are independent predictors of inpatient
mortality.
Key Words: Liver abscess; Pyogenic; Mexican population; Epidemiology; Complications;
Outcomes; Mortality
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this retrospective study we investigated the clinical, demographic, and
microbiologic characteristics of pyogenic liver abscess (PLA) in Mexico. We found
that the prevalence of PLA in Mexico is increasing and had a very high mortality rate
(63%) in our study. Our data also indicated that the presence of ESBL-Escherichia coli
and Klebsiella pneumoniae and an immunocompromised state were independent
predictors of high-risk mortality with an adjusted OR of 6.7, 4.8 and 3.9, respectively.
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INTRODUCTION
Although there are multiple microorganisms capable of producing an abscess in the
liver, including Entamoeba histolytica, fungi, and viruses, most abscesses are derived
from bacterial infections[1,2]. Pyogenic liver abscess (PLA) is a rare disease with an
estimated incidence that varies widely across the globe, being as high as 115.4/100000
inhabitants in Taiwan and as low as 1.1-1.2/100000 inhabitants in Europe and
Canada[1,2].
There has been a shift in the etiology of PLAs over the years. Previously,
intraabdominal infections such as complicated appendicitis or diverticulitis with
portal bacterial seeding have represented the most frequent causes[1], whereas
currently, biliary tree diseases such as cholecystitis, choledocholithiasis, tumoral
obstruction, strictures, congenital malformations, and hepatobiliary instrumentation
are the most common etiologies[1-3]. With regard to bacterial isolates, before 1980, the
most commonly reported agents were Escherichia coli, Enterobacteriaceae, anaerobes, and
other members of the intestinal flora[1,2,4,5], but in recent years, some highly virulent
strains of Klebsiella pneumoniae have been isolated in Taiwan and mainly in
Singapore[6], where many series have been reported. There are also new cases in the
United States and Europe[1].
In Mexico, the epidemiology of PLAs is unknown, with some small case series
reporting up to 41 cases from all over the country with a predominance of Escherichia
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coli and a lower reported incidence[7]. The aim of this study was to describe the current
clinical, demographic, and microbiologic characteristics of PLAs in two high-volume
centers in Mexico.

MATERIALS AND METHODS
This was a retrospective study that included patients who were seen between 2006 and
2018 at two referral centers in Mexico City: The Instituto Nacional de Ciencias Médicas
y Nutrición Salvador Zubirán (INCMNSZ) and the Hospital General Dr. Manuel Gea
González. Eligible patients were those with a diagnosis of liver abscess by imaging,
and individuals with an unspecified type of abscess with negative amoeba serology, a
mixed-type abscess defined by positive bacterial culture and positive amoeba serology
and positive bacterial culture-confirmed PLAs were included. We excluded patients
aged < 18 years and those with incomplete information; with confirmed amoebic
abscesses, defined as those with positive serology and an absence of positive bacterial
cultures; those in whom Entamoeba histolytica was isolated; and those in whom fungi
were isolated. Patients with infected liver cysts and infected hydatid cysts were also
excluded.
We collected demographic, clinical, and microbiological information from each
patient's medical chart, including age, sex, symptoms, laboratory results, radiological
characteristics, microbiological isolates, type of treatment, complications, length of
hospital stay, and outcomes. Due to small numbers of specific cases,
immunocompromise was defined as the presence of positive human
immunodeficiency virus (HIV) status, underlying malignancy, or the presence of
autoimmune disease. For the statistical analysis, data are presented as the means ± SD
or frequencies and percentages, according to their distribution. Numeric and
categorical variables were compared using the chi-squared test. To study the
association between the different variables and mortality rates, we used a logistic
regression model. Variables of interest plus variables with a P value less than 0.1 in
univariate analysis were included in a multivariate regression analysis. Logistic
regression using significant variables was applied with the Omnibus test and HosmerLemeshow test to explain mortality (utilizing R2 Nagelkerke). Analyses were
conducted with Stata version 12 (Stata Corp. LP, College Station, TX, United States).

Treatment protocol
All patients underwent abdominal ultrasound, computed tomography (CT) scanning
or magnetic resonance imaging (MRI) studies. Patients with PLAs underwent at least
one set of blood cultures before the administration of parenteral empiric broadspectrum antibiotic agents in accordance with local antimicrobial resistance
surveillance data.
The duration of parenteral antibiotic agents, the switch to oral formulations, and the
total duration of therapy were decided by the individual physician and guided by
clinical, biochemical, and radiologic responses.
The decision on percutaneous catheter drainage (PCD) depended on the clinical
response to medical treatment and the size of the PLA. PCD was performed using CT
guidance by interventional radiologists via the placement of a 10–12F pigtail catheter in
situ. PCD was performed when any of the following criteria were met: (1) Size of the
PLA > 4 cm, solitary or dominant; (2) Hemodynamic instability or the need for
inotropic support upon admission; and (3) Failure of antibiotic therapy for PLA.

Definitions
A giant PLA (GPLA) was defined as an abscess greater than or equal to 10 cm in
diameter.
A multiloculated abscess was defined as an abscess with 2 or more septations within
its cavity.
Nonresponse to interventional radiology-assisted drainage was defined as patients
having persistent signs of sepsis after 5 d of intravenous (IV) antibiotics and PCD, thus
requiring escalation of therapy.

Indications for surgery
Percutaneous drainage failure; patients with ongoing sepsis after antibiotics and PCD
or patients with difficult-to-access sites such as the liver dome; abscesses not amenable
to percutaneous drainage, such as multiloculated abscesses or those with thick
purulent material that could not be aspirated; ruptured abscesses; and underlying

WJH

https://www.wjgnet.com

818

October 27, 2020

Volume 12

Issue 10

Pérez-Escobar J et al. Pyogenic liver abscesses in the Mexican population

causes requiring surgical removal, such as in the case of a foreign body.

RESULTS
Within the database, 404 patients were documented between both centers: 175 in the
General Hospital and 229 in the INCMNSZ. Of these patients, 58 had amebic abscesses
confirmed by Entamoeba histolytica serology, and only 1 patient developed a fungal
abscess secondary to Candida albicans; those patients were excluded from the study,
and a total of 345 patients were included.

Demographic, clinical and laboratory results
We included 345 patients: 233 (67.5%) had a confirmed PLA, 133 (30%) were patients
with no positive cultures and negative serology, and 9 (2.6%) had mixed abscesses.
The mean age was 50 years (ranging from 16-97 years), and 217 patients (63%) were
female. The initial presentation included fever, fatigue, right upper quadrant pain, and
diarrhea in 293 (85%), 167 (48%), 259 (75%), and 52 (15%) patients, respectively. The
mean time between the onset of symptoms and medical consultation was 22 d. The
most frequent comorbidities were type 2 diabetes mellitus (T2DM), hypertension,
underlying malignancy, and biliary tree lesions, which were found in 87 (25%), 32
(9.2%), 21 (6%), and 16 (4.6%) patients, respectively.
The most relevant laboratory findings were leukocytosis with an elevated
neutrophil count, and among the liver biochemistry alterations, a mean total bilirubin
level of 2.24 mg/dL and a mean alkaline phosphatase level of 256.37 U/L were
observed; the rest of the clinical and analytical data are summarized in Table 1.

Microbiological results
Abscess samples were obtained from direct-needle aspiration; 65% of the patients had
positive cultures, and the most commonly isolated microorganisms were ESBLEscherichia coli and Klebsiella pneumoniae, corresponding to 16% and 8%, respectively. In
59 cases, the culture isolated 2 different bacteria, and in 50 cases, more than two
microorganisms were isolated. Figure 1 shows the frequency of the different bacteria
cultured.
The antibiotic therapy administered varied considerably among the patients, with
different approaches for each case; initial empiric treatment included cefotaxime in
60% cases, and in 90% of cases, it included a drug combination, most commonly with
metronidazole. Interestingly, more than 90% of the cases required a combination with
more than 1 drug; again, the previously mentioned third-generation cephalosporin
was the most commonly used drug. Of those patients exposed to multiple regimens, at
least 6 of them were exposed to six drug regimens, and 2 of them needed a seventh
drug, of which vancomycin and cefuroxime were prescribed. In 82% of the cases, these
regimens lasted for more than 14 d, with a median prescription time of 19 d (2-65 d).
The most common causes were ascending cholangitis and cholecystitis in 34 (10%)
and 31 (9%) patients, respectively, but in 40% of cases, no precipitating event was
identified. Figure 2 shows the distribution of the different sources of infection with
ascending cholangitis and cholecystitis, both being the most common precipitating
events.

Imaging results
A total of 50.72% (n = 175) of the studied population had an abdominal ultrasound that
initially suggested a diagnosis of PLA; for morphological diagnosis, a CT scan was
performed in 320 patients, and MRI was carried out in just 14% of the cases for
diagnosis confirmation.
The number of abscesses per case was quantified with the help of imaging
techniques. In 51% of the cases (n = 178) only one documentable lesion was observed,
25% had at least 2 abscesses, and in 9% multiple abscesses in the liver parenchyma
were identified.
86.7% of the lesions were located in the right lobe of the liver with segments VII, VI,
and VIII being the most frequently affected in 32%, 28%, and 22% of the cases,
respectively.

Hospitalization, therapeutic and outcome results
The median length of hospital stay was 14 d (1-53 d), 45 patients required intensive
care unit admission with a median stay of 1 d (1-30 d), and most patients required
regular inpatient beds for a median of 13 d (1-53 d).
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Table 1 Clinical and laboratory results of patients with pyogenic liver abscess
BMI mean ± SD

27 ± 5

BMI classification

Patients, n (%)

Normal

140 (41)

Overweight

141 (41)

Obesity class 1

43 (12)

Obesity class 2

12 (3)

Obesity class 3

9 (3)

Sign/Symptom
Fever

293 (85)

Right upper quadrant pain

259 (75)

Fatigue

167 (48)

Diarrhea

52 (15)

Laboratory findings

mean ± SD

Hemoglobin, g/dL

11.7 ± 2.48

Leucocyte count, × 103/µL

15.52 ± 10.03

Neutrophil percentage, %

48.48 ± 31.89

Lymphocyte percentage, %

9.73 ± 11.46

Platelet count, K/µL

315 ± 180.4

INR

1.27 ± 0.51

Glucose, mg/dL

130 ± 68.12

Creatinine, mg/dL

1.14 ± 0.83

Sodium, mmol/L

132.3 ± 17.45

Total bilirubin, mg/dL

2.24 ± 2.91

Albumin, g/dL

2.63 ± 2.05

AST, U/L

59.3 ± 73.23

ALT, U/L

57.6 ± 82.09

GGT, U/L

133.5 ± 208.43

AP, U/L

256.37 ± 219.30

Lesion size

n (%)

< 5 cm

54 (16)

5-10 cm

138 (40)

> 10 cm

28 (8)

< 500 mL

77 (22)

≥ 500 mL

48 (14)

This table shows the demographic and clinical characteristics. The most relevant laboratory finding among the liver biochemistry alterations was
leukocytosis with an elevated neutrophil count. BMI: Body mass index; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; GGT: Gamma-glutamyl transferase; AP: Alkaline phosphatase.

In terms of source control, 165 patients underwent PCD, 64 underwent
percutaneous needle aspiration (PNA), 48 underwent open drainage (OD), and 32
underwent laparoscopic drainage (LD). Twenty-four patients required surgical
therapy after an incomplete response to interventional radiology-assisted drainage. Of
the 345 patients, at least 66% (n = 229) required interventional radiology therapy. The
two types of registered procedures were PNA and PCD. A total of 72% patients
underwent PCD, and the remaining 28% of patients received PNA.
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Figure 1 Distribution of isolated microorganisms in patients with pyogenic liver abscess n (%). The figure shows the frequency of the different
bacteria cultured. The majority of cases did not have microorganism isolation in the cultures.

Figure 2 Source of infection in patients with pyogenic liver abscess. The figure shows the distribution of the different sources of infection, with
ascending cholangitis and cholecystitis both being the most common precipitating events.

The other type of documented procedure was surgical OD or LD of the abscess.
Only 22% of patients demanded a surgical intervention, of whom 48 (60%)
corresponded to OD and the remaining 40% to LD. Fifty-five of those patients
underwent direct surgical therapy, and only 24 who were previously exposed to
interventional radiology procedures still required surgery.
A total of 120 (35%) patients had complications during their hospitalization; the
most frequent complications were septic shock in 50 patients and sepsis in 18 (Third
International Consensus Definitions for Sepsis and Septic Shock)[8]. Less frequent
complications were biliary fistula, ruptured abscess, pneumonia, empyema, and
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myocardial infarction.
The inpatient mortality rate attributed to the abscess or its complications was 63%.
In univariate analysis, variables associated with mortality were age, body mass index
(BMI), T2DM, the presence of immunosuppression, ESBL-Escherichia coli, and septic
shock, as shown in Table 2. In multivariate analysis, age and BMI were not significant,
but the presence of immunocompromise, ESBL-Escherichia coli, and Klebsiella
pneumoniae explained 15.8% of the mortality, with ESBL-Escherichia coli being the most
critical component (adjusted OR 6.7), as shown in Table 3.

Follow-up
Repeat radiologic imaging (ultrasonography or CT) was performed for all patients at
two- to three-week intervals to evaluate the response to treatment. Parenteral
antibiotic agents were converted to oral formulations based on clinical progress and
were guided by bacteriology results and down-trending inflammatory markers.
Antibiotic agents were discontinued at clinical and near-radiologic resolution (absence
or significant reduction in size of abscess on imaging).

DISCUSSION
In our study, the median age of the patients was 51 years, and the male to female ratio
was 1:1.7, with a female predominance. Among the reported cases from the INCMNSZ
by Téllez-Zenteno, the mean age was 52 ± 14 years, which was similar to the age in our
series, but an inverse result in the sex ratio was observed, with a male
predominance[7]. On the other hand, European series, such as the one published by
Serraino et al[5], reported an average age of 65.4 years with a male predominance.
According to the world literature, the peak incidence of PLA is found in the same age
groups as those in our study but with a typical male predominance[1].
A total of 85% of our patients reported fever during their initial presentation,
followed by 48% with right upper quadrant pain, both of which are the most
commonly documented signs and symptoms in many of the world case series and in
our previous series[5-10], but the clinical picture shows many nonspecific findings, such
as jaundice, pleural effusion, anorexia, nausea and vomiting[1,2].
As previously mentioned, the etiology of PLA has suffered a shift from the
expansion of intraabdominal infection to biliary tree-derived diseases. Nonetheless,
63% of the cases did not have any documentable cause of their PLA on their medical
records after evaluating the pathological history, trauma, and possible postoperative
complications; performing CT and cholangioresonance to evaluate the biliary tree as
well as endoscopic retrograde cholangiopancreatography in the indicated cases; and
searching for bacteremia from any source of sepsis and foreign bodies.
According to the series by Téllez-Zenteno, 53% of patients had an unidentified
source of infection in contrast to most recent series, which report between 25% and
40% of cryptogenic PLA cases[5,7,11,12]. The reason for the high cryptogenic PLA count is
not apparent but might be derived from previous exposure to antibiotics, delayed
medical attention, and increased prevalence of risk factors such as T2DM regardless of
this phenomenon seen worldwide[13,14]. Among the patients with an underlying cause,
both cholangitis and cholecystitis accounted for 19% of the cases, and other series have
reported similar findings with 20% up to 55% depending on the consulted
literature[5,9,15,16]. According to the Mexican series, biliary tract diseases were present in
24% of the cases, which is analogous to the most recent findings[7].
A total of 58% of our patients reported at least one medical comorbidity, in which
T2DM was present in 25% of the patients, akin to what is described in Mexican,
European and United States series[5,7,15].
As already stated, Escherichia coli is the most important pathogen causing PLA in the
world literature and even in the present and previous Mexican case series[1,2,6]. Even so,
ESBL-Escherichia coli represented a majority of the isolated microorganisms in this
series, where the increase compared to the series by Téllez-Zenteno might be
explained by the widespread expansion of endoscopic procedures such as biliary
stenting, thus promoting the risk of bacterial bile colonization[17]. Of outstanding
importance is the absolute increase in Klebsiella pneumoniae cases compared to 20 years
ago (n = 5 vs n = 28) due to emerging concern regarding a certain strain of this
microorganism as it has been an increasing cause of PLA. There has been a steady
increase in the number of reports on this particular pathogen in cryptogenic PLA not
only in Asian but also in Western countries[18-20]; this variant has been associated with
an abundant production of capsular material along with other heightened intracellular
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Table 2 Univariate analysis of high-risk mortality variables in patients with pyogenic liver abscess
Univariate

High-risk variable

Dead

Alive

Total

OR (95%CI)

52.7 ± 16.7

48.7 ± 16.9

0.02

26.2 ± 4.4

27.4 ± 5.3

0.017

Yes

52

35

87

No

165

93

258

Yes

30

5

35

No

187

123

310

Yes

3

5

8

No

214

123

337

Yes

49

6

55

No

168

122

290

Yes

24

4

28

No

193

124

317

Yes

31

19

50

No

186

109

295

Total

217

128

345

P value

Age

BMI

T2DM

2

0.8

0.48

3.9

< 0.01

0.3

0.13

5.9

< 0.01

3.9

< 0.01

1

< 0.89

Immunocompromise1

E. coli

ESBL2-Escherichia coli

Klebsiella pneumoniae

Septic shock

In univariate analysis, the variables associated with mortality were age, BMI, T2DM, the presence of immunosuppression, ESBL-Escherichia coli, and septic
shock.
1
Includes HIV-positive patients and those with underlying malignancy and autoimmune conditions.
2
Extended-spectrum beta-lactamase. BMI: Body mass index; T2DM: Type 2 diabetes mellitus.

functions that result in a hypermucoviscous phenotype[1,2,18]. Cryptogenic PLAs
associated with these Klebsiella pneumoniae strains are thought to be due to colonization
of the GI tract with secondary invasion of the intestinal mucosa and portal venous
blood, but the true pathogenesis is not completely understood [1,2,20]. Shelat et al[21]
demonstrated that despite demographic and clinical differences, the overall outcomes
of culture-negative pyogenic liver abscess (CNPLA) patients were equivalent to those
of Klebsiella-positive PLA (KPPLA) patients: Hospital stay (15.7 d vs 16.8 d, P = 0.397)
and overall 30-d mortality (14.0% vs 11.0%, P = 0.292) in the CNPLA and KPPLA
groups, respectively. Hence, it is justified to treat these patients with empirical
antibiotics targeting Klebsiella pneumoniae.
Intravenous antibiotic therapy was the therapeutic mainstay. According to the
WSES guidelines on intra-abdominal infections, initial antibiotic therapy is typically
empirical in nature because a patient with abdominal sepsis requires immediate
treatment, and microbiological data (culture and susceptibility results) can require up
to 48-72 h before they are available for a more detailed analysis. The selection of
appropriate empiric antibiotic therapy is critical for preventing unnecessary morbidity
and mortality[22].
In our study, the majority of patients were treated with third-generation
cephalosporins ± metronidazole as the combination of choice, which is related to the
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Table 3 Multivariate analysis of high-risk mortality variables in patients with pyogenic liver abscess
High-risk variable

Multivariate analysis
Adjusted OR

95%CI

P value

3.9

1.42-10.46

< 0.01

6.7

2.7-16.2

< 0.01

4.8

1.6-14.4

< 0.01

Immunocompromise
Yes
No
ESBL1-Escherichia coli
Yes
No
Klebsiella pneumoniae
Yes
No

In multivariate analysis, the presence of immunocompromise, EBSL-Escherichia coli and Klebsiella pneumoniae explained 15.8% of the mortality.
1
Extended-spectrum beta-lactamase.

local flora being represented by sensitive gram-negative enterobacteria and anaerobes.
The prevalence of multidrug-resistant (MDR) organisms seems to be ever-rising
secondarily due to endoscopic and surgical interventions predisposing patients to
recurrent biliary infections and exposure to broad-spectrum antibiotics[23].
Infections caused by resistant gram-negative bacteria, such as Klebsiella pneumoniae,
are rapidly emerging as a major source of multidrug-resistant infections worldwide
and are the most common causative pathogen of gas-forming PLA (GFPLA). GFPLA
represents a small proportion of PLA with a reported incidence of 7%-24%, and it has
traditionally been associated with high mortality (25.7% to 37.1%). In one study, Chan
et al[24] reported no significant differences between GFLPA and non-GFLPA in the need
for percutaneous drainage [26/36 (72.2%) vs 47/72 (65.3%), respectively, P = 0.467] and
in-hospital all-cause death [4/36 (11.1%) vs 7 (9.7%), P = 0.822].
The median treatment duration in this study was 19 d, with more than 80% of the
patients having received at least 14 d of antibiotic therapy, which, according to the
world literature, should be at least 2-6 wk[1,13,17].
Although no general consensus has been published, a small PLA (3-5 cm) is suitable
for antibiotic therapy alone, while larger diameter abscesses might need drainage[25].
PCD can be performed when the PLA is > 4 cm, which is arbitrary and is based on the
mathematical principles of sphere volumes. It becomes obvious that with increments
in diameter from 4 to 5 cm, the volume of spheres doubles from 33 to 65 cc. The 4 cm
size also allows for the satisfactory placement of pigtail drains and hence seems to be a
logical cut-off value for PCD[6].
PNA or PCD was the interventional radiology method used to drain the PLA, with
the latter being the most commonly used in our series due to its high efficacy. PNA is
less expensive and more straightforward and does not require catheter care, and its
potential complications and multiple abscess cavities can be aspirated but require
multiple punctures; additionally, there is a high failure rate with viscous pus or
greater cavities. On the other hand, PCD is a high-success rate therapy but might cause
discomfort, pain, or cellulitis at the insertion point[26].
The other therapeutic approach to PLA is surgical drainage, either open or
laparoscopic. PLA rupture, PNA/PCD failure, anatomic inaccessibility through
percutaneous means, and multiloculated and coexisting pathology requiring surgery
mandate a more invasive strategy[27]. In a retrospective study by Ahmed et al[28], 39
patients with GPLA were safely treated with IV antibiotics and PCD, and the authors
concluded that lesion size was not a contraindication for PCD.
In our series, 22% of the patients underwent OD or LD; 70% of the patients
underwent surgery as the primary therapy for the abscess, and the remaining 30%
underwent salvage therapy when percutaneous methods failed. Some authors suggest
that surgery should be the first-line treatment in patients with a high mortality risk,
particularly in critically ill patients[29]. Tan et al[30] published a retrospective study
comparing LD and percutaneous methods and failed to achieve clinical superiority of
LD despite the theoretical benefits of laparoscopic surgery; the authors still
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recommend LD due to its lower tendency for developing complications due to sepsis
and the possibility to wash the peritoneal cavity with ease[31]. Although in our study
the ratio of OD vs LD was 3:2, some series have reported that both approaches are
valid and safe in patients able to withstand the physiological stress of surgery and LD,
offering advantages for the postoperative recovery of GI function and hospital stay[30].
Abdominal ultrasound is a safe and noninvasive method for evaluating the liver
parenchyma and usually shows a hypoechoic mass (or masses), but its echogenicity is
variable[1,32]. Therefore, another imaging method is usually needed; in our series, a CT
scan was the primary confirmatory method, with a contrast-enhanced technique being
used in 85% of the cases and with the remaining patients undergoing magnetic
resonance for confirmation. Classic literature describes that PLAs are usually located
in the right lobe, which is associated with dominant portal blood input to this
anatomic region[1]; our patients' primary lesions were located in segments VII, VI, and
VII, which correlates with frequently described findings.
Laboratory findings are usually nonspecific for PLAs but are on par with the
inflammatory status of the patient; leukocytosis with an elevated PMN count,
hypoalbuminemia, elevated transaminases and alkaline phosphatase, and
hyperglycemia were among the most common findings in this study, which are in
accordance with other case series[5,33,34].
Complications related to PLA are not uncommon, and rates can be as high as 72%,
with bacteremia, empyema, septic shock, and metastatic infection being the most
frequent[2]. Relating to our own series, the most frequent complications were septic
shock and sepsis, both of which are frequently mentioned in the United States,
European or Chinese series[11,12,15]. Septic shock has been associated with excess
mortality in patients with PLAs, so identifying which factors relate to its development
is a matter of interest. Cho et al[35] described that older age and malignancy were
associated with 3.0- and 2.1-fold higher rates of septic shock, as well as elevated
procalcitonin levels[36].
The mortality rates due to PLA have varied over the years; previous data have
described that patients developing septic shock can reach a mortality rate of 19%[5], but
more recent case series mention in-hospital mortality rates of up to 10%[5,7,13,28].
Interestingly, we demonstrated an extraordinarily high in-hospital mortality rate of
63% due to abscess-related complications; this could be due to many factors, including
the advanced age of the studied population; the fact that both centers are tertiary care
centers where patients from the whole country are referred, thus delaying
hospitalization and appropriate antibiotic treatment; the presence of ESBL-Escherichia
coli and Klebsiella pneumoniae related to PLA; and the high incidence of septic shock in
the study population as well as hospital-acquired infections. Comorbidities also
played an important role in the high mortality rate in the series because at least 60% of
T2DM patients and 85% of patients with other causes of immunosuppression (HIV
infection, underlying malignancy, and autoimmune diseases) impacted the increased
mortality.
In our study, T2DM and the development of septic shock did not achieve statistical
significance, but as expected, advanced age and higher BMI were high-risk
characteristics. The presence of both ESBL-Escherichia coli and Klebsiella pneumoniae
demonstrated adjusted ORs of 6.7 and 4.8, respectively, thus being the most critical
high-risk characteristics related to mortality in this study, as well as the presence of
compromised immune function, which in turn had a 4-fold greater risk of death.
Through logistic regression, these 3 variables explained at least 16% of the mortality in
our study, with other factors, such as the previously mentioned factors, playing an
important role and could be a focal point for further studies.
We consider it important to highlight the measures aimed at reducing mortality,
including clinical suspicion and early diagnosis, the availability of imaging studies
such as CT, and deciding on a timely intervention for radiology and surgery in
difficult to manage cases.

CONCLUSION
Even though demographic characteristics have remained almost constant in the past
decade, an increased prevalence in both referral centers has been noted. More than half
of the cases were cryptogenic PLA, which correlates with global epidemiology and a
steady shift to a predominant Klebsiella pneumoniae-related abscess. Biliary tree disease
was the most common source of infection with ESBL-Escherichia coli and Klebsiella
pneumoniae being the most common microorganisms, both of which together with an
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immunocompromised state were independent predictors of high mortality risk.

ARTICLE HIGHLIGHTS
Research background
In Mexico, the epidemiology of pyogenic liver abscess (PLA) is unknown, with some
small case series. This study recruited patients from two high-level hospitals in
Mexico.

Research motivation
PLA is a rare medical condition that has had a change in its etiology in recent years;
however, more studies are needed to determine the epidemiology of PLA in Mexico.

Research objectives
The aim of this study was to describe the current clinical, demographic, and
microbiologic characteristics of PLAs in two high-volume centers in Mexico. These
data will allow us to understand the behavior of this disease in Mexico.

Research methods
This is a retrospective analysis of patients with PLA from two high-level hospitals in
Mexico. A chart review was performed to evaluate the clinical, demographic and
microbiologic characteristics of PLA. A multivariate analysis was performed to
identify independent risk factors associated with mortality.

Research results
The main isolated microorganisms were ESBL-Escherichia coli and Klebsiella
pneumoniae. The inpatient mortality rate was 63%. In multivariate analysis,
immunocompromised state, ESBL-Escherichia coli, and Klebsiella pneumoniae were
independent predictors of high risk mortality

Research conclusions
An increased prevalence in both referral centers has been noted. The mortality rate
was significantly higher compared to previously reported rates worldwide, reaching
63%. There was a steady shift to a predominant Klebsiella pneumoniae-related abscess.

Research perspectives
As a retrospective review, our study is limited. Prospective studies that monitor the
mortality rate are required, which in this study was high compared to that reported in
other series.
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Abstract
BACKGROUND
Malnutrition is frequently encountered in patients with cirrhosis and appears to
significantly impact their prognosis. While evaluating the burden of malnutrition
in cirrhosis is gathering momentum, as suggested by multiple recently published
reports, there is still a persistent scarcity of solid data in the field, especially with
regards to the role of nutritional interventions.
AIM
To assess the prevalence of malnutrition in patients with advanced cirrhosis and
to evaluate its impact on survival.
METHODS
One hundred and one consecutive patients with advanced cirrhosis were screened
for malnutrition using the Subjective Global Assessment (SGA) criteria and the
mid-arm circumference (MAC). Malnutrition was defined as SGA class B and C
and MAC < 10th percentile. All patients were interviewed regarding their food
intake using an adapted questionnaire. Subsequently, total energy intake was
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calculated and further subdivided in main nutrients. The data were then
compared to the available recommendations at the time of analysis to assess
adherence.
RESULTS
54/79 patients (68.4%) in the decompensated group had malnutrition, while only
3/22 patients (13.6%) were malnourished in the compensated group. After a
median follow-up time of 27 mo (0-53), the overall mortality was 70%. Survival
was significantly lower among patients with malnutrition. The mortality rates
were 50% at 1 year and 63% at 2 years for the patients with malnutrition,
compared to 21% at 1 year and 30% at 2 years for patients without malnutrition (P
= 0.01). On multivariate analysis, the factors independently associated with
mortality were age, creatinine level and adherence to the protein intake
recommendations. The mortality was lower in patients with the appropriate
protein intake: 8% at 1 year and 28% at 2 years in the adherent group, compared
to 47% at 1 year and 56% at 2 years in the non-adherent group.
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CONCLUSION
The prevalence of malnutrition is high among patients with advanced cirrhosis
and might be related in part to a low adherence to nutritional recommendations,
especially with regards to protein intake.
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assessment; Protein intake
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Core Tip: It is already known that the patients having cirrhosis can be affected by
malnutrition and this status can impact the survival. This article studied the prevalence
of malnutrition in advanced stages of cirrhosis, and its influence on survival. Our
results showed that the prevalence of malnutrition is high in patients with advanced
cirrhosis and is related in part to a low adherence to nutritional recommendations.
Appropriate protein intake could increase the survival.
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INTRODUCTION
Poor nutritional status has a high prevalence in patients with advanced liver disease
and has significant influence on prognosis[1]. At the initial development of the ChildTurcotte score, the nutritional status was included in the evaluation of patients
submitted to porto-caval shunting surgery and the score had significant prognostic
relevance[2]. Currently, the Child-Pugh-Turcotte score is still one of the most utilized
systems to stage cirrhosis and to assess the prognosis of these patients. Malnutrition
has proved to be independently correlated with survival and the addition of mid-arm
muscle circumference (MAMC) and triceps skinfold thickness (TST) to the Child-Pugh
score increases the prognostic accuracy[3].
The mechanism of malnutrition in cirrhosis is multifactorial, including lower
nutrient intake (loss of appetite, impaired digestion/absorption or low protein diet),
hypercatabolic status and decreased liver protein synthesis[4]. However, data regarding
the evaluation of lifestyle and nutritional intake in patients with advanced liver
disease and their adherence to nutritional recommendations is limited.
Even if malnutrition is more prevalent in advanced stages of cirrhosis, the
assessment of nutritional status in these patients may be difficult mainly because of
sodium-water retention. Therefore, tracking weight change or body mass index most
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likely does not accurately reflect the nutritional status of a patient. The latest available
guidelines at the time of data collection were the 2006 ESPEN (European Society for
Parenteral and Enteral Nutrition) guidelines, which recommended the use of
Subjective Global Assessment (SGA) or anthropometry to identify those at risk for
malnutrition in patients with cirrhosis[5]. These recommendations were reinforced in
the 2019 revised edition of the guidelines[6]. As the anthropometric parameters should
not be influenced by ascites or peripheral oedema and, MAMC or mid-arm
circumference (MAC) and TST can be confidently used. However, the applicability of
these parameters in decompensated cirrhotic patients has not been extensively
validated. In order to avoid malnutrition and its negative consequences for patients
with cirrhosis, the aforementioned guidelines recommend a daily energy intake of
30–35 kcal/kgBW/d (125–146 kJ/kgBW/d) and a protein intake of 1.2–1.5
g/kgBW/d[6]. However, the adherence to these recommend-ations is not known.
The aims of this study were: (1) To assess the adherence of patients with advanced
cirrhosis to nutritional recommendations; (2) To evaluate the prevalence of
malnutrition in patients with cirrhosis stratified according to their clinical stage
(compensated or decompensated); and (3) To assess the influence of malnutrition and
adherence to nutritional recommendation on survival.

MATERIALS AND METHODS
This is a prospective observational study that included 101 consecutive patients with
cirrhosis of any aetiology hospitalized in our tertiary Health Care Centre. Sixty-four
patients who were recruited while being hospitalized for clinical decompensation in
the inpatient ward between the 1st of March and the 30th of June 2013 were considered
for inclusion. Patients were included in the decompensated cirrhosis group based on
the presence of ascites (and related complications: Spontaneous bacterial peritonitis,
hepatic hydrothorax), portal hypertension related bleeding (variceal bleeding),
diagnosis of acute on-chronic liver failure, overt hepatic encephalopathy (grade 2 to 4
in West Haven scale) or other specified events (kidney dysfunction, hepato-renal
syndrome, bacterial infections and cardiopulmonary complications of portal
hypertension). All consecutive patients presented to our centre during the study
period were considered primarily eligible for inclusion. Eleven patients did not
consent and were not included. Furthermore, a cohort of 37 consecutive patients with
liver cirrhosis, completing the regular follow-up in June 2013 in the outpatient ward,
was included. Among them, 15 (40.5%) had previous decompensation and were
included in the decompensated group and 12 patients (32.4%) had early stage of
hepatocellular carcinoma (BCLC-0 and A) previously treated by percutaneous
radiofrequency ablation and, at the moment of inclusion, were in the follow-up stages.
There was no significant difference between patients with or without HCC in the
control group and none of the patients with HCC had previous decompensation
events. All patients that agreed to participate signed an informed consent and the
Ethical Committee of our University approved the protocol. The present study was
designed with respect to the ethical guidelines issued by the 2000 revision (Edinburgh)
of the 1975 Declaration of Helsinki. The flowchart of patient enrolment is illustrated in
Figure 1.
The diagnosis of cirrhosis was based on specific findings in the patient’s medical
history, clinical examination, laboratory findings and imaging examinations. Physical
examination including anthropometric measurements, blood tests, abdominal
ultrasonography and a complete nutritional evaluation were done at the inclusion of
all patients.
All included patients together with the closest family members were questioned
about their detailed alimentary intake in the last 2 wk and were asked to approximate
the food habits in the last 3 mo. For this purpose, the National Health and Nutrition
Examination Survey (NHANES) Food Questionnaire ( https://wwwn.
cdc.gov/nchs/nhanes/) was modified and adapted to the general food habits for our
country (we eliminated questions referring to some foods that are rarely consumed in
our country). Apart from the reduction of the number of questions we also reduced the
period of assessment to 3 mo and, thus, some questions regarding seasonal and outseasonal consumption of some seasonal foods were either merged or eliminated.
Finally, the questionnaire comprised 80 questions and was based on the
approximation of the quantity of main foods in the last 3 mo. The mean time for the
application of the questionnaire was 30-40 min. The list of principal foods and the
calculation of the energy and principal nutrients (proteins, lipids, carbohydrates and
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Figure 1 Patient enrollment algorithm.

salt) intake was made using the “Healthy alimentation guidelines” published by the
National Ministry of Health on their official website. These guidelines include lists of
principal foods and their main nutrients content expressed by 100g. Therefore, for each
patient the food intake was calculated and expressed as: kcal/kg body weight/d;
protein g/kgBW/d, lipid g/kgBW/d, carbohydrates g/kgBW/d intake and salt
g/kgBW/d intake.
The food intake was compared with the 2019 ESPEN (European Society for
Parenteral and Enteral Nutrition) recommendations for patients with liver cirrhosis
(30–35 kcal/kgBW/d energy daily intake and a protein intake of 1.2–1.5
g/kgBW/d)[6]. Patients were considered adherent if their caloric or protein intake was
within the proposed recommendations.
The nutritional status evaluation was based on SGA assessment and MAC. Because
of the lack of a specific measuring tool, TST was not possible and, therefore, MAMC
was also unavailable.
SGA was assessed according to the Detsky et al[7] protocol, which included the
history of the weight curve in the last 6 mo and during the last 2 wk, dietary intake,
gastro-intestinal symptoms, functional capacity and clinical examination, including the
evaluation of subcutaneous fat, muscle wasting, oedema and ascites. In this particular
clinical scenario, the presence of ascites and oedema was considered as a sign of
decompensation rather than a sign of malnutrition. According to the SGA evaluation
the patients were classified as: Well-nourished SGA-A, mild to moderate malnutrition
SGA-B and severe malnutrition SGA-C. In decompensated patients the SGA ranking
was completed by consensus between the nutritionist and the hepatologist using
adapted recommendations[8].
MAC was measured in the non-dominant arm at the midway between the acromion
and olecranon process. Malnutrition was defined as a MAC < 10th percentile and
severe malnutrition if MAC < 5th percentile using as a reference values adapted for age
and gender from the Bishop’s study[9].
Because not all the cohort was prospectively followed-up in our centre after
discharge, data regarding survival at 1st August 2017 and date of death of the included
population were obtained from the National Population Register.
The study complies with the STROBE guidelines.

Statistical analysis
Data was expressed as mean ± SD or median and range and qualitative variables as
frequencies. The t-student or Mann-Whitney tests were used for quantitative variables
for the comparison between groups and the Chi-square and Fisher’s exact tests were
used for qualitative data where appropriate. For multivariate analysis, a binary logistic
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regression using the backward LR model was used in order to determine the
parameters associated with decompensation and malnutrition. Concordance between
SGA and MAC regarding malnutrition diagnosis was evaluated by the weighted (two
categories) kappa method. Concordance coefficient (k) was graded by the scale
proposed by Landis and Koch[10]: 0%-10% = poor, 10%-20% = slight, 21%-40% = fair,
41%-60% = moderate, 61%–80% = substantial and 81%-100% = almost perfect.
For survival analysis, the cox regression was used to identify independent risk
predictors (OR 95%CI) for death. Only variables significantly associated with the
judgment criteria in the univariate analysis were considered for the multivariate
analysis. For multivariate analysis, a cox regression using the backward LR model was
used in order to determine the parameters associated with death. Actuarial rates of
survival were calculated using the Kaplan–Meier plots and compared by the Log rank
test. P < 0.05 was considered as the level of significance. The statistical review of the
study was performed by a biomedical statistician. Statistical analysis was performed
using the SPSS software version 20 (SPSS Inc. Chicago, IL, United States).

RESULTS
Among the 79 patients included in the decompensated group, 42 (53.2%) were male
and the mean age was 61.3 ± 10. There were no differences between groups regarding
age and gender. The most prevalent aetiology in the decompensated group was
alcohol-related liver disease – 32 patients (51.9%), while in the compensated group
viral cirrhosis was predominant – 16 patients (72.7%). The differences between the two
groups were statistically significant (P = 0.005). Fifty patients (63.2%) from the
decompensated group were on beta-blocker treatment for primary or secondary
prophylaxis of variceal bleeding. The full baseline characteristics of the included
population are listed in Table 1.
Ascites was the most frequent decompensation event - 59 (74.6%) patients, followed
by hepatic encephalopathy (n = 29; 36.7% of patients), and variceal bleeding (n = 20;
25.3%).
Overall, the adherence to the current nutritional guidelines for cirrhosis was
extremely low. Only 21 (20.8%) patients had the recommended alimentary intake of
30-35 kcal/kgBW/d and 57 (56.4%) patients had a suboptimal energy intake (<30
kcal/kgBW/d). Regarding the proportion of protein intake, only 26 (25.7%) patients
had the recommended amount of protein (1.2-1.5 g/kgBW/d), while the rest had
either superior (40%) or lower (34.3%) protein intake. When we analysed the patients
from the compensated group, we observed that 11 out of 22 patients (50%) had <30
kcal/kgBW/d energy intake.
Because the majority of the patients had ascites as the main decompensation event,
we also evaluated the salt intake and compared it with the actual recommendation[11]
of 4.6-6.9 g/d salt intake in patients with ascites, namely a “no added salt diet”.
Among all patients, only 26 (25.7%) had a salt intake < 6.9 g/d and 7 (6.9%) < 4.6 g/d,
which demonstrated a very poor adherence to the “no added salt diet”. In the
decompensated group, only 20 (25.3%) patients had a salt intake < 6.9 g/d.
When comparing patients adherent or not to the no added salt diet (< 6.9 g/d)
regarding the food intake, those adherent to the diet had significantly lower protein,
lipid, carbohydrates and caloric intake (Supplementary Table 1).
When comparing decompensated to the compensated group, there was no
difference regarding the main nutrients intake (Table 2).
According to the SGA classification, in the decompensated group, 54 (68.4%)
patients had malnutrition and, among them, 19 (24.1%) had severe malnutrition (SGCC). In the compensated group, only 3 (13.6%) were malnourished and no patient had
severe malnutrition. In comparison, six (40%) out of 15 patients with prior history of
decompensation admitted to or day hospital had malnutrition according to the SGA
criteria (P = 0.06). Using the MAC criteria, in the decompensated group, 48 (60.8%) had
malnutrition, whereas in the compensated group, 6 patients (27.3%) were
malnourished. Details about nutritional markers are found in Table 2. Regarding the
malnutrition diagnosis, there was only a slight-fair agreement between SGA and MAC
(k = 0.261, P = 0.009).
As expected, comparing decompensated and compensated groups in univariate
analysis (Table 1), variables related to liver function [Child-Pugh and model for endstage liver disease (MELD) scores, international normalized ratio (INR), albumin,
serum bilirubin, serum sodium] and variables related to the nutritional status (MAC
and SGA score, cholesterol level) were associated with current or prior history of liver
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Table 1 Baseline characteristics
Variablen (%) or mean ± SD

Decompensated, n = 79

Compensated, n = 22

P value

Gender M/F

42 (53.2)/ 37 (46.8)

11 (50)/ 11 (50)

NS

Age

61.3 ± 10

64.5 ± 10.9

NS

Child-Pugh A/B/C

8(10.1%)/32(40.5%)/39(49.4%)

19(86.4%)/3(13.6%)/0(0%)

< 0.001

Aetiology

0.005

Viral

30 (38.0)

16 (72.7)

Alcohol

32 (51.9)

3 (13.6)

Other

5 (10.1)

3 (13.6)

Platelet count (109/L)

122.9 ± 86.9

123.1 ± 60.9

NS

INR

1.82 ± 0.53

1.27 ± 0.25

< 0.001

Total bilirubin (mg/dL)

5.4 ± 6.9

1.2 ± 0.7

0.006

Albumin (g/L)

3.1 ± 0.6

3.9 ± 0.7

< 0.001

AST (U/L)

83.3 ± 67.4

56.6 ± 29.5

0.08

ALT (U/L)

42.3 ± 42.7

46.6 ± 31.2

NS

Haemoglobin (g/dL)

10.9 ± 3.9

12.7 ± 2.2

0.05

Na (mEq/L)

134.5 ± 7.0

139.9 ± 3.3

< 0.001

Creatinine (mg/dL)

1.19 ± 0.88

0.77 ± 0.19

< 0.001

Cholesterol (mg/dL)

120.5 ± 51.4

154.7 ± 39.1

0.01

Triglycerides (mg/dL)

80.9 ± 42.6

78.1 ± 22.5

NS

Child Pugh score

9.6 ± 2.6

5.8 ± 1.2

< 0.001

MELD score

19.2 ± 7.6

11.2 ± 5.6

< 0.001

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; MELD: Model for end-stage liver disease; NS: Not
significant.

disease decompensation. These findings were further confirmed in multivariate
analysis, where decompensation was independently associated with the MELD score
(HR 1.43; 95%CI: 1.16-1.76) and the malnutrition diagnosis based on SGA (HR 7.15;
95%CI: 1.63-31.29).
In the univariate analysis, the variables associated with malnutrition were: ChildPugh score, MELD score, haemoglobin levels, INR, albumin, total protein levels,
cholesterol levels, sodium level and gender.
In the multivariate analysis, the variables independently associated with
malnutrition were: Lower cholesterol levels (HR 0.97, 95%CI: 0.95-0.98, P = 0.001),
lower sodium (HR = 0.71, 95%CI: 0.67-0.93, P = 0.005) and male sex (HR = 0.24, 95%CI:
0.05-1.02, P = 0.054).
Neither patients with or without malnutrition demonstrated a better adherence to
an energy intake recommendation: 10 (17.5%) in malnourished patients and 11 (25%)
well-nourished patients. However, the percentage of patients adherent to the
recommended protein intake (1.2-1.5 g/kgBW/d) tended to be lower in malnourished
patients, 11 (19%) malnourished patients vs 15 (34%) patients with normal nutritional
values (P = 0.09).
Seventy-one (70%) patients died after the median time of 27 mo (0-53). Five patients
(7.8%) died within one month after the inclusion. Among them, 41 (57.7%) had < 30
kcal/kgBW/d and 25 (35%) had < 1.2 g/kgBW/d protein intake.
The survival is lower in patients with malnutrition when the SGA definition is used:
50% at 1 year and 63% at 2 years of patient with malnutrition died vs 21% at 1 year and
30% at 2 years patients without malnutrition (P = 0.01, Figure 2). However, using the
MAC < 10th criteria for malnutrition definition, there is no difference in survival (
Supplementary Figure 1).
According to the multivariate analysis (Table 3), the factors independently
associated with death are age, creatinine level and the adherence to the protein intake
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Table 2 Comparison between decompensated and compensated patients regarding the nutritional status and the principal nutrients
intake, n (%)
Variable

Decompensated, n = 79

Compensated, n = 22

P value

MAC (cm)

25.8 ± 3.9

27.9 ± 2.9

0.02

MAC < 10th

48 (60.8)

6 (27.3)

0.005

MAC < 5th

30 (38.0)

4 (18.2)

0.08

SGA

< 0.001

A (normal)

25 (31.6)

19 (86.4)

B (mild-moderate)

35 (44.3)

3 (13.6)

C (severe)

19 (24.1)

0 (0)

BMI

26.6 ± 4.7

27.1 ± 3.3

NS

Kilocalories/d

2080 ± 419

2200 ± 601

NS

Kcal/kg/d

29 ± 8

30.1 ± 9.2

NS

Proteins (g/kg/d)

1.4 ± 0.4

1.4 ± 0.5

NS

Proteins 1.2-1.5 g/kg/d

20 (25.3)

6 (27.3)

NS

Proteins < 1.2 g/kg/d

27 (34.2)

6 (27.3)

NS

Salt (mmol/d)1

147 ± 4.2

147 ± 4.8

NS

< 120mmol/d

20 (25.3)

6 (27.3)

NS

1

The current recommendation for no added salt diet in patients with ascites is 4.6-6.9 g/d (80-120 mmol/d); NS: Not significant; MAC: Mid-arm
circumference; SGA: Subjective Global Assessment; BMI: Body mass index.

Table 3 Univariate and multivariate analysis of factors associated with mortality
Variable

Univariate analysis; OR (95%CI)

P value

Multivariate analysis1; OR (95%CI)

P value

Age

1.03 (1.01-1.06)

0.004

1.03 (1.00-1.06)

0.002

Child-Pugh score

1.13 (1.04-1.23)

0.002

1.09 (0.98-1.20)

0.09

1.06 (1.03-1.09)

< 0.001

Presence if malnutrition

1.82 (1.12-2.94)

0.01

Creatinine (mg/dL)

1.94 (1.46-2.57)

< 0.001

2.13 (1.31-3.45)

0.03

INR

1.60 (1.05-2.43)

0.02

Albumin (g/L)

0.45 (0.29-0.68)

0.01

Cholesterol (mg/dL)

0.99 (0.98-0.99)

0.02

0.94 (0.90-0.98)

0.003

0.51 (0.28-0.90)

0.02

0.40 (0.20-0.77)

0.007

MELD score
2

Serum sodium (mEq/L)
Protein intake 1.2-1.5 g/kg/d

3

1

In order to avoid collinearity between repeating variables, in model were included: Age, Child-Pugh score, presence of malnutrition, creatinine,
cholesterol, serum sodium and protein intake.
2
According to Subjective Global Assessment criteria.
3
Adherence to protein intake recommendation was analysed. INR: International normalized ratio; MELD: Model for End-Stage Liver Disease.

recommendation (as a protective factor). When the adherence to this recommendation
was analysed with the Kaplan-Meier curves the results showed that adherent patients
have a significantly better survival. The mortality rate was 8% at 1 year and 28% at 2
years in the adherent group vs 47% at 1 year and 56% at 2 years in the non-adherent
group (P = 0.01, Figure 3).
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Figure 2 Kaplan-Meier curves of survival according to the presence of malnutrition based on Subjective Global Assessment criteria
(malnourished–blue line; well nourished-green line). SAG: Subjective Global Assessment.

Figure 3 Kaplan-Meier curves of survival according to the adherence of protein intake recommendation of 1.2-1.5 g/kg/d (patients
adhered to protein intake recommendation - green line vs non-adherent – blue line).

DISCUSSION
The presence of malnutrition is very prevalent in patients with cirrhosis and very
relevant to the prognosis of these patients before and after liver transplantation[12,13]. In
the present study, we confirmed that malnutrition has a high prevalence among
patients with advanced cirrhosis, especially in the decompensated group, and is
independently associated with decompensation. The low adherence to the protein
intake recommendations is independently associated with a lower survival. A possible
explanation for high prevalence of malnutrition is the bad adherence to nutritional
recommendation. Indeed, we found that 56.4% of the patients had a suboptimal
energy intake (< 30 kcal/kgBW/d) and 33% had a suboptimal protein intake (< 1.2
g/kgBW/d), even in the fully compensated phase of the disease. Low caloric intake in
patients with advanced cirrhosis was confirmed also by other reports, which found
that 80% of patients Child-Pugh C and 52% in Child-Pugh B had < 30 kcal/kgBW/d
intake[14]. Interestingly, in fully compensated patients, even if the prevalence of
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malnutrition is much lower than re-compensated and decompensated patients, 50%
had a lower energy intake than recommended. Therefore, probably one of the main
mechanisms of malnutrition in cirrhosis is a lower nutrient’s intake. More efforts
should be made to identify patients with inappropriate adherence to nutritional
recommendation and to correct the nutrition earlier, before malnutrition and
decompensation occur. Among other factors that may contribute to malnutrition, the
decrease in liver function probably has an important role since malnutrition is
associated with higher MELD scores, bilirubin and INR and lower albumin levels.
One of the major concerns is the low adherence to the no added salt diet in our
advanced cirrhosis subgroup (92% of the patients with decompensation had ascites).
The first step in the treatment of sodium retention in cirrhosis is salt restriction to a
level between 4.6 and 6.9 g/d[11]. Of all patients, only 25% had a salt intake < 6.9 g/d.
Recently, other group confirmed these findings in an outpatient cohort with ascites,
closely followed within a “Care Management Program” aiming to better manage
patients with cirrhosis[15]. In their cohort, only 30% of the patients followed a low salt
diet, in spite of almost half of the patients believing that they were adherent to salt
consumption recommendations. Moreover, the adherent patients had a lower caloric
intake. In our cohort, we also found that patients with no added salt diet had
significantly lower energetic (calories/kg/d), protein, lipid and carbohydrates intake.
All these data sustain the hypothesis that the no added salt diet may contribute to the
loss of appetite and a lower food intake, consequently further deteriorating the
nutritional status.
One of the most difficult issues is to establish which is the most appropriate method
to diagnose malnutrition in cirrhosis. At the time of data collection, ESPEN
recommended the use of SGA as well as anthropometric measurements for the
diagnosis of malnutrition in patients with cirrhosis[5]. However, there was no
distinction between different stages of cirrhosis (compensated vs decompensated) for
these recommendations and none of the methods was considered as standard. In our
cohort, the concordance between SGA and MAC was only slightly significant. The best
concordance was in the compensated group. In the decompensated group, using SGA
criteria, 75% of the patients had malnutrition whereas using MAC < 10th only 64%
were malnourished. In the compensated group, when using SGA, 24% patients had
malnutrition whereas for MAC < 10th, 35% of the patients were malnourished. In light
of these results, we may conclude that SGA and MAC do not have the same
applicability in different stages of cirrhosis. However, in the absence of a standard
method for malnutrition diagnosis, it is difficult to conclude which of the methods has
the best performance. In a study of 50 compensated cirrhotic patients, the handgrip
test, another validated method to assess nutritional status based on muscular strength,
had a superior predictive performance compared to SGA with regards
decompensation within one year[16]. In this cohort, 28% patients had malnutrition
according to SGA and 63% according to the handgrip test. However, the rate of
decompensation at one year is very high (42%) and the authors do not report sufficient
details regarding the variables related to liver function. In another study, using
MAMC < 5th the prevalence of malnutrition was 45% in Child-Pugh C patients and
25% in Child-Pugh A[14]. All these divergent findings suggest that probably none of
these methods is very well adapted to cirrhotic patients. By including weight curve,
dietary intake and presence of ascites and oedema among the diagnostic criteria, SGA
overestimates the prevalence of malnutrition in the decompensated group since all
these variables are influenced by the liver function. At the same time, for some
anthropometric parameters that are not influenced so much by sodium- water
retention, the standard population for generating the percentiles and analysing the
results was a historical American cohort of healthy subjects[9]. Probably, the best way
to assess the nutritional status in cirrhosis is to apply different methods and look for
concordance and interpret according to the clinical stage of the disease.
There was an independent association between adherence to protein intake
recommendation (1.2-1.5 g/kg/d) and a better survival. Although it was historically
thought that patients with advanced cirrhosis should follow a protein-restricted diet
due to the risk of hepatic encephalopathy, it has long-been proven that the amount of
protein intake does not influence the course of hepatic encephalopathy[17]. In our study
we found that 74% of the patients had a lower protein intake than ESPEN’s
recommendations. These findings are reproducing the results of a large Canadian
cohort of patients on liver transplantation list where only 24% had appropriate protein
intake[18]. The group also found that a lower protein intake is associated with
transplant waiting list mortality. Low protein intake could be the cause of muscular
depletion that was also associated with high mortality[19]. Although survival was lower
in patients with malnutrition (based on SGA criteria, Figure 1), in multivariate analysis
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the presence of malnutrition was not independently associated with survival, losing its
significance in the face of variables related to liver and kidney functions. Probably, the
small sample size precludes obtaining a strong conclusion regarding the relation
between the presence of malnutrition and survival. Moreover, in advanced stages of
disease the presence of complications related to portal hypertension or liver failure
weights more in the prognosis of these patients.
There are some limitations in our study. Undoubtedly, we are aware of the low
number of patients, which did not allow a more detailed subgroup analysis (in
different decompensation scenarios or aetiologies) as well as it hindered the
discriminant significance of our multivariate analysis. Secondly, we are well aware of
the possible errors in the patient’s reporting of food intake during the application of
our questionnaire. Moreover, in our study we did not assess the impact of previously
dietary counselling and its efficiency. We tried to overcome this form of subjectivity in
assessment by also interviewing family members and by using a food questionnaire
adapted to the alimentary habits of our country. Third, the food questionnaire adapted
from NHANES Survey Food Questionnaire had no previous validation. Nevertheless,
our questionnaire maintains the structure of the NHANES Survey Food Questionnaire,
which is a well validated instrument. Fourth, in the analysis of the adherence of the
low salt diet we did not use the 24 h natriuresis for the objective assessment of
adherence and. However, given a cautious approach with emphasis on the core trend,
rather than an adamant focus on specifics, the key findings should withstand scrutiny.
Correlations with other validated tools could further expand the knowledge on the
topic. Amino acid intake profile, as well as branched-chained amino acids bloodlevels, body composition assessment and imaging studies for the evaluation of
sarcopenia were not analysed. Metrics developed and thoroughly validated after the
design of our study, such as skeletal muscle area, skeletal muscle index or muscle
radiation attenuation[20] could certainly add valuable insights. Furthermore, validation
of our results on other cohorts and in comparison to the aforementioned tools could
add strength to our findings.

CONCLUSION
In conclusion, given the main findings of this study, namely that prevalence of
malnutrition is high in patients with cirrhosis and that adherence to the nutritional
recommendations in this population is very low, intensive efforts should be initiated
to identify patients at risk for malnutrition (dietary assessment) and to correct their
dietary habits as early as possible. Appropriate protein intake should be strongly
recommended because this may improve survival, with a low risk to benefit ratio.

ARTICLE HIGHLIGHTS
Research background
While often understated when compared to other complications of chronic liver
disease, malnutrition appears to be a silent but key contributor to survival and quality
of life in patients with cirrhosis. Although the field is currently gathering momentum,
the available data are still scarce and there is a dire need for standardized evaluation
and therapeutic approach.

Research motivation
The focus of our research was to assess the real life impact of malnutrition on survival
in a group of cirrhotic patients and to observe whether adherence to current
nutritional recommendations alters their outcome.

Research objectives
The aims of the current research were to determine the prevalence of malnutrition in a
consecutive series of cirrhotic patients and to determine its impact on survival.
Furthermore, we wanted to evaluate whether adherence to current nutritional
recommendations improves their outcome. By answering these clinical questions, we
tried to set a working baseline, hoping to provide a solid starting point for future
research in the field.
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Research methods
Malnutrition was assessed using the Subjective Global Assessment criteria and the
mid-arm circumference. These are easy-to-use, cost efficient, bedside methods with
extensive prior validation and standardization. Furthermore, dietary habits were
evaluated using a comprehensive food intake questionnaire adapted to the specifics of
our culture. Total energy and main nutrient intake were calculated based on their
response. Patients were followed-up for a median of 27 mo and factors associated with
their prognosis were accounted for in uni- and multivariate analysis.

Research results
Malnutrition was highly prevalent in patients with cirrhosis and a current or prior
decompensating event (68.4%). In comparison, only 13.6% of patients with no history
of decompensation were malnourished (P < 0.001). While the overall mortality in our
whole group was 70% after a median follow-up of 27 mo, patients with malnutrition
had a significantly worse outcome: 50% mortality at 1 year and 63% at 2 years for the
patients with malnutrition, compared to 21% at 1 year and 30% at 2 years for patients
without malnutrition (P = 0.01). On multivariate analysis, adherence to nutritional
recommendations was associated with a better prognosis.

Research conclusions
Our results reflect the important burden of malnutrition in patients with advanced
liver disease, especially in the setting of a decompensating event. Consequently, a
more attentive approach to nutrition should complement pharmacologic and
interventional therapy in patients with cirrhosis, as it appears to have a significant
impact on survival.

Research perspectives
Further research should try to translate more basic research findings into clinical
practice, while clinical studies should try to provide solid grounding for guideline
recommendations. In this light, there is a dire need for large scale high-quality,
multicentric studies on easy-to-use, non-invasive and cost-efficient methods to screen
for and grade malnutrition. Not least, dietary habits of patients with advanced liver
disease should be thoroughly examined, in order to provide realistic, easy to follow
nutritional recommendation in order to increase adherence.
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Abstract
BACKGROUND
Hepatitis C virus (HCV) is a disease with a significant global impact, affecting
approximately 2%-2.5% of the world’s population. New direct-acting antivirals
(DAAs) have been introduced over the past few years with great success in viral
eradication. The association of chronic HCV infection with a wide spectrum of
cutaneous manifestations has been widely reported in the literature.
AIM
To assess the effect of treating HCV with DAAs on the extrahepatic cutaneous
manifestations of HCV.
METHODS
This prospective observational study included 1039 HCV positive Egyptian
patients who were eligible to receive DAAs. A total of 30 patients were diagnosed
with extrahepatic cutaneous manifestations and fulfilled the inclusion criteria of
the study. Of these patients, 6 had classic lichen planus, 8 were diagnosed with
psoriasis vulgaris and 16 had pruritus. All patients received DAAs from October
2018 to July 2019 in the form of a three-month course of sofosbuvir/daclatasvir
combination. Patients with lichen planus or psoriasis were dermoscopically
evaluated before treatment and 6 mo after treatment, while patients with hepatic
pruritus were assessed using the 12-Item Pruritus Severity Scale over the same
period.
RESULTS
All patients with psoriasis showed significant improvement in all psoriatic
plaques, and all patients with hepatic pruritus scored 0 on the 12-Item Pruritus
Severity Scale indicating total improvement of pruritus. In addition, four of six
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patients with lichen planus showed complete improvement.
CONCLUSION
Treatment of HCV with DAAs was significantly effective in improving virusrelated extrahepatic cutaneous manifestations.
Key Words: Directly acting antivirals; Extrahepatic manifestations; Hepatitis C virus;
Lichen planus; Pruritus; Cutaneous manifestations
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we investigated the impact of hepatitis C virus (HCV) clearance
using direct-acting antivirals (DAAs) on the dermatological extrahepatic
manifestations of HCV. To our knowledge, this is the largest cohort of patients with
cutaneous manifestations of HCV to be treated in the literature (30 patients). In
addition, we used dermoscopy for the first time in this study to better evaluate the
response of cutaneous diseases to DAAs.

Citation: El Kassas M, Hegazy OM, Salah EM. Effect of treating chronic hepatitis C with
direct-acting antivirals on extrahepatic cutaneous manifestations. World J Hepatol 2020;
12(10): 841-849
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/841.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.841

INTRODUCTION
Hepatitis C virus (HCV) is one of the human hepatotropic viruses that infects around
71 million individuals globally[1]. Spontaneous clearance of the virus fails in nearly half
of cases and acute infection progresses to chronic hepatitis C, and further progression
of the disease could lead to cirrhosis, and hepatocellular carcinoma (HCC)[2]. Egypt
was considered a country with a high prevalence of HCV. After recognizing the
magnitude of this problem, the Egyptian National Committee for Control of Viral
Hepatitis (NCCVH), established specialized treatment centers for the evaluation and
management of viral hepatitis[3-7]. Treatment of chronic HCV showed a significant shift
after the introduction of direct-acting antivirals (DAAs), which proved a great success
with an acceptable safety profile compared to the previous standard of care treatment
(pegylated interferon and ribavirin)[8-10]. Many treatment regimens have been
considered for the management of HCV, which is usually a combination of two or
more DAAs classes[11-13].
Being a hepatotropic and lymphotropic virus, HCV does not only cause hepatic
manifestations, it also leads to a significant number of extra-hepatic manifestations.
Around 74% of patients with HCV will show HCV-related extrahepatic manifestations
in their lifetime[14]. The development of HCV-related extrahepatic manifestations most
likely involves autoimmune mechanisms. This theory is supported by the appearance
of autoimmune features, such as palpable purpura, complex lymphoproliferative
disorders (e.g., lymphomas), and immune complex deposit diseases that cause local
and/or systemic complications[14,15]. Among the extrahepatic manifestations,
dermatologic manifestations significantly add to the morbidity of the disease[16]. The
association of chronic HCV infection with a broad spectrum of cutaneous
manifestations has been widely reported in the literature, with varying strengths of
epidemiological association. In registry-based studies, approximately 17% of HCV
patients have at least one skin manifestation, which can be induced directly or
indirectly by chronic HCV infection[17]. Dermatosis disorders are known to be linked to
HCV infection including mixed cryoglobulinemia, lichen planus, porphyria cutanea
tarda, and necrolytic acral erythema[18]. Besides these dermatoses, HCV can also be
associated with autoimmune cutaneous diseases. Vitiligo is one of the autoimmune
cutaneous diseases reported in studies to have a similar prevalence in patients with
HCV infection and in the healthy population with vitiligo[19]. Psoriasis can also be
found in association with HCV infection. This was confirmed by studies that found
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anti-HCV antibodies in psoriatic patients as well as HCV-RNA in the lesions of
patients with psoriasis and HCV infection[20]. Pruritus is also a common dermatologic
manifestation that is recognized as an early sign of chronic HCV infection[21,22]. This
study aimed to assess the effect of treating HCV with DAAs on the extrahepatic
cutaneous manifestations of HCV.

MATERIALS AND METHODS
This prospective observational study included 1039 HCV patients, who were recruited
from New Cairo Viral Hepatitis Treatment Center, one of the specialized treatment
centers for HCV management, affiliated to the Egyptian NCCVH[7], from October 2018
to July 2019. These patients received HCV antiviral therapy with sofosbuvir/
daclatasvir (SOF/DAC) combination regimen for 12 wk and were followed-up until
assessment of virological response 12 wk after treatment cessation. Patients were
treated with DAAs according to the standardized protocol for HCV treatment issued
by the NCCVH. The main exclusion criteria were: Child-Turcotte-Pugh (CTP) class C,
hemoglobin level below 10 g/dL, platelet count less than 50000/mm3, diagnosed with
HCC 6 mo following a successful intervention, extrahepatic malignancy after 2 years
of cure, co-infection with hepatitis B or HIV, pregnancy or inability to use effective
contraception, and hypersensitivity to any of the treatment medications[5]. In addition
to the previous contraindication, we excluded patients who received dermatological
treatment for their cutaneous manifestations, patients with renal failure, patients with
autoimmune diseases, and those who received simeprevir as it can induce skin lesions
as a complication[9].
A total of 30 patients were diagnosed with extrahepatic cutaneous manifestations
and fulfilled the study inclusion criteria: Six patients were diagnosed with classic
lichen planus, eight patients with psoriasis vulgaris, and sixteen patients had hepatic
pruritus. A full medical history was obtained for these patients, followed by a clinical
examination, and a complete liver biochemical profile. All subjects were tested for
HCV viremia by polymerase chain reaction, and hepatitis B surface antigen was
determined to exclude chronic HBV infection. Kidney function tests were also
performed to exclude patients with renal failure. In addition an antinuclear antibody
test was carried out to exclude patients with autoimmune hepatitis.
A dermatological assessment was performed by photographing skin lesions (in
cases with lichen planus lesions and psoriatic plaques), before and after antiviral
treatment. Dermoscopic photography of the lichen planus lesions and psoriatic
plaques was performed before receiving and after completing treatment using a
Dermlite DL4 3Gen. dermoscope. Patients with hepatic pruritus were evaluated before
and after treatment using the 12-Item Pruritus, Severity Scale developed and validated
by Reich and colleagues[23].

Descriptive statistics
Data were collected, revised, coded, and entered into the SPSS version 26 software.
Qualitative data are presented as numbers and percentages, while quantitative data
are presented as mean, standard deviations and ranges. Comparisons between two
groups with qualitative data were carried out using the Chi-square test was used
instead of the Chi-square test when the expected count in any cell was found less than
5. Comparisons between two independent groups with quantitative data and
parametric distribution was performed using the independent t-test. Comparisons
between more than two groups with parametric distribution was performed using
One Way Analysis of Variance. Pearson correlation coefficients were used to assess the
relationship between two studied parameters in the same group. The receiver
operating characteristic curve was used to assess the cut-off point with the best
sensitivity, specificity, positive predictive value, and negative predictive value. The
confidence interval was set to 95% and the margin of error accepted was set to 5%.
Thus, the significance of the following P values was considered as follows: P > 0.05:
Non significant, P < 0.05: Significant, and P < 0.01: Highly significant.

RESULTS
Thirty patients were included in the study. The mean age was 45.67 years and ranged
from 24 to 60 years. Sixteen of the 30 recruited subjects were female. All patients
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received the SOF/DAC regimen, and all reached SVR12.
Cutaneous manifestations associated with chronic HCV infection were observed in
all 30 recruited subjects and consisted of hepatic pruritus in 16 patients, lichen planus
in 6 patients and psoriasis vulgaris in 8 patients. Age and sex distribution of the
studied patients are shown in Table 1.

Lichen planus
Four of six patients with lichen planus showed complete improvement of lesions
following treatment, while no improvement was seen in the remaining two patients.
The impact of HCV treatment on lichen planus is shown in Table 2. Figure 1 shows
lichen planus papules on the hand of a patient before and after receiving DAAs, with
dermoscopic images of lichen planus papules before and after treatment for HCV.

Psoriasis
Eight patients in this study had psoriasis, and all patients showed complete
improvement of psoriatic plaques 12 wk after finishing treatment. The impact of HCV
treatment on psoriasis is shown in Table 3. Figure 2 shows psoriatic plaques on the
back and thigh of a patient before and after receiving DAAs for HCV, in addition to
dermoscopic images of psoriatic plaques before and after treatment.

Hepatic pruritus
Sixteen patients in this study complained of pruritus. All patients with pruritus
showed complete improvement and reported total relief of pruritus according to the
12-Item Pruritus Severity Scale. According to this scale, the mean score before
treatment was 9.94 ± 1.61, with a range of 7-12. Complete disappearance of pruritus
was reported with a score of zero in all patients at the follow-up visit.

DISCUSSION
The association of chronic HCV infection with a wide spectrum of cutaneous
manifestations has been widely reported in the literature, with varying strengths of
epidemiological association. In registry-based studies, approximately 17% of HCV
patients showed at least one skin manifestation, which was induced directly or
indirectly by chronic HCV infection[17]. This study was an observational prospective
hospital-based study, which included 30 HCV positive patients with associated
extrahepatic cutaneous manifestations. All cutaneous lesions were assessed clinically
and dermoscopically before receiving treatment and during the follow-up visit after
six months of treatment. To our knowledge, this is the first study to assesses and
follow-up HCV patients with extrahepatic cutaneous manifestations using a
dermatoscope. Out of 1039 HCV patients who were referred to receive antiviral
therapy, only those with dermatological manifestations were included in the study (30
patients). Of these 30 patients, six had cutaneous lichen planus, eight had psoriasis
vulgaris, and sixteen had hepatic pruritus. Some dermatological disorders which are
more frequent and are closely related to HCV such as porphyria cutanea tarda and
necrolytic acral erythema were not observed. This could be explained by the
pathognomonic nature of disorders such as HCV, and hence most of the patients with
these disorders were diagnosed with HCV infection and treated early in the HCV
treatment project which started in Egypt in 2015.
All patients with hepatic pruritus in this study reported complete resolution after
finishing antiviral therapy. Although pruritus is often associated with HCV infection,
the exclusion of all other causes of pruritus either dermatological or systemic, and its
disappearance after viral clearance could confirm this association, and raise the
suspicion of pruritus as an extrahepatic manifestation of HCV infection.
All patients with psoriasis showed total resolution of all psoriatic plaques. The
results obtained by Enomoto et al[24], were concordant with our results, as they
reported a male patient with a nine-year history of refractory psoriasis, with a
Psoriasis Area and Severity Index (PASI) score of 3.8. The patient's symptoms and
signs gradually resolved after a 12-wk course of oral, fixed-dose ledipasvir–sofosbuvir.
The same results were also confirmed in a report from Egypt, where the authors
described an 18-year-old male with psoriasis who received sofosbuvir and ribavirin
and showed a sustained virologic response and the disappearance of skin lesions
without the use of topical or systemic treatments for psoriasis six months after the end
of treatment[25]. This was also in agreement with a published report of a patient with
refractory psoriasis. The patient with HCV infection was treated with daclatasvir and
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Table 1 Age and gender distribution in each group, n (%)

Gender

Age

Lichen planus group, n = 6

Psoriasis group, n = 8

Pruritus group, n = 16

Test value P value Significance

Female

3 (50.0)

4 (50.0)

9 (56.2)

0.1171

0.943

NS

Male

3 (50.0)

4 (50.0)

7 (43.8)

mean ± SD

42.67 ± 5.85

53.00 ± 7.01

43.13 ± 14.34

2.2032

0.130

NS

Range

35-51

40-60

24-60

1

Here we used the Chi Square test as a test of significance as gender is a qualitative variable with three groups compared.
Here we used the ANOVA test as a test of significance as age is a quantitative variable with three groups compared. NS: Non significant (P > 0.05).

2

Table 2 Results in patients with lichen planus
Lichen planus

First visit, n (%)

Second visit, n (%)

Absent

0 (0)

4 (66.7)

Present

6 (100)

2 (33.3)

Chi-square test
χ²

P value

Significance

6.000

0.014

S

P > 0.05: Non significant; P < 0.05: Significant; P < 0.01: Highly significant.

Table 3 Results in patients with psoriasis
Psoriasis

First visit, n (%)

Second visit, n (%)

Absent

0 (0)

8 (100)

Present

8 (100)

0 (0)

Chi-square test
χ²

P value

Significance

16.000

0.000

HS

P > 0.05: Non significant; P < 0.05: Significant; P < 0.01: Highly significant.

asunaprevir combination, and his PASI score decreased from 3.4 to 0[26].
Four of the six patients diagnosed with lichen planus in the present study had a
complete cure, while the remaining two patients showed no improvement in their
lesions. Ansari et al[27] in 2017, supported these study findings in a 55-year-old HCV
positive male patient with associated lichen planus. The patient received HCV
treatment with ledipasvir-sofosbuvir, which led to a marked improvement in
cutaneous lesions.
The main limitation in our study was the small number of recruited patients (30
subjects), who were enrolled after screening 1039 HCV patients over a 7-mo period.
This relatively small number could be explained by the fact that most cases with HCVrelated dermatological manifestations were discovered and treated at earlier stages of
the HCV treatment project in Egypt. As this was a pilot study, it was the first time that
a dermoscope was used to evaluate the response of extrahepatic cutaneous
manifestations to HCV treatment with DAAs. Further studies with a larger number of
patients and more diverse dermatological lesions are warranted to confirm our
findings.

CONCLUSION
In conclusion, treatment of HCV infection with DAAs was effective in all patients with
hepatic pruritus and psoriasis, and in most patients with lichen planus. These findings
confirm the association between HCV infection and the extrahepatic dermatological
manifestations of this virus. Based on our results, treatment of HCV infection in
patients with extrahepatic dermatological manifestations is highly recommended.
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Figure 1 Shows lichen planus papules on the hand of a patient (A) before and (B) after receiving direct-acting antivirals as treatment for
hepatitis C virus infection. Dermoscopic image of the lichen planus papules (C) before and (D) after receiving direct-acting antivirals as treatment for hepatitis C
virus infection.
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Figure 2 Shows psoriatic plaques on the back of a patient (A) before and (B) after receiving direct-acting antivirals as treatment for
hepatitis C virus infection and on thighs (C) before and (D) after receiving treatment. Dermoscopic image of the psoriatic plaques (E) before and
(F) after receiving direct-acting antivirals as treatment for hepatitis C virus infection.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus (HCV) is a disease with a significant global impact, affecting
approximately 2%-2.5% of the world’s population. New direct-acting antivirals
(DAAs) have been introduced over the past few years leading to successful viral
eradication.

Research motivation
The association of chronic HCV infection with a wide spectrum of cutaneous
manifestations has been widely reported in the literature.

Research objectives
This study aimed to assess the effect of treating HCV with DAAs on the extrahepatic
cutaneous manifestations of HCV.

Research methods
A prospective observational study included HCV positive Egyptian patients who were
eligible to receive DAAs. Patients with lichen planus or psoriasis were
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dermoscopically evaluated before treatment and 6 mo after treatment, while patients
with hepatic pruritus were assessed using the 12-Item Pruritus Severity Scale over the
same period. All patients received DAAs from October 2018 to July 2019 in the form of
a three-month course of sofosbuvir/daclatasvir combination.

Research results
A total of 30 from 1039 patients eligible for antiviral treatment were diagnosed with
extrahepatic cutaneous manifestations and fulfilled the inclusion criteria of this study.
Of these 30 patients, 6 patients had classic lichen planus, 8 patients had psoriasis
vulgaris and 16 had hepatic pruritus. All patients with psoriasis showed significant
improvement of all psoriatic plaques, and all patients with hepatic pruritus scored 0
on the 12-Item Pruritus Severity Scale indicating total improvement of pruritus. In
addition, four of six patients with lichen planus showed complete improvement.

Research conclusions
Treatment of HCV with DAAs was effective in improving HCV-related extrahepatic
cutaneous manifestations.

Research perspectives
Further studies with a larger number of patients and more diverse dermatological
lesions are warranted to confirm our findings.
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Abstract
BACKGROUND
Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing the
circulating levels of inflammatory cytokines, together with its impact on
endothelial function.
AIM
To evaluate the potential correlation of changes in lipid profile, carotid intimamedia thickness (CIMT), and ankle-brachial index with the severity of fibrosis,
grades of esophageal varices (EVs), and fibrosis indices.
METHODS
The study included 240 subjects who were divided into 3 groups; group 1 (n = 90,
HCV-related cirrhotic patients with EVs), group 2 (n = 90, HCV-related cirrhotic
patients without EVs), and group 3 (n = 60, served as the healthy control group).
All patients underwent routine laboratory tests, including a lipid profile assay.
Low-density lipoproteins (LDL)/platelet count and platelet/splenic diameter
ratios were calculated. Abdominal ultrasonography, CIMT by carotid Doppler,
bedside ankle-brachial index (ABI), liver stiffness measurement, and upper
gastrointestinal endoscopy were performed.
RESULTS
Multivariate logistic regression revealed that very-low-density lipoprotein
(VLDL) (β = 0.988, odds ratio 2.5, P = 0.001), LDL/platelet count ratio (β = 1.178,
odds ratio 3.24, P = 0.001), CIMT (β = 1.37, odds ratio 3.9, P = 0.001), and ABI (β =
2.3, odds ratio 5.9, P = 0.001) were the key variables associated with significant
fibrosis, EVs and endothelial dysfunction. CIMT and LDL/platelet count ratio
were predictive of advanced fibrosis and EVs at cutoff values of 1.1 mm and 1
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mm, respectively, with an area under the curve (AUC) of 0.966 and 0.960 (P =
0.001), while VLDL and ABI at a cutoff of 16.5 mg/dL and 0.94 were predictive of
advanced fibrosis and EVs with an AUC of 0.891 and 0.823, respectively (P =
0.001).
CONCLUSION
CIMT, ABI, VLDL, LDL/platelet count ratio are good non-invasive predictors of
advanced fibrosis, presence of EVs, and endothelial dysfunction in liver cirrhosis.
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Core Tip: Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing
the circulating levels of inflammatory cytokines. HCV may induce endothelial
dysfunction. Carotid intima-media thickness, low-density lipoproteins (LDL)/platelet
count ratio, ankle-brachial index, and very LDL were predictive of advanced fibrosis,
esophageal varices, and endothelial dysfunction at cutoff values of 1.1 mm, 1, 0.94,
and 16.5 mg/dL, respectively. Novel markers provide information beyond the previous
traditional markers such as platelet count, FIB-4, and platelet/splenic diameter ratio
with additional data regarding endothelial dysfunction and subclinical atherosclerosis.

Citation: Hanafy AS, Basha MAK, Wadea FM. Novel markers of endothelial dysfunction in
hepatitis C virus-related cirrhosis: More than a mere prediction of esophageal varices. World J
Hepatol 2020; 12(10): 850-862
URL: https://www.wjgnet.com/1948-5182/full/v12/i10/850.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i10.850

INTRODUCTION
Hepatitis C virus (HCV) infection represents a major public health burden with an
estimated global prevalence of 2.8% resulting in more than 185 million infected
patients[1]. Prompt recognition of vascular changes in patients with significant liver
fibrosis is required for directing therapy and follow-up against both cardiovascular
disease and esophageal varices (EVs).
Chronic HCV infection is associated with a chronic inflammatory state leading to a
disproportion of pro-inflammatory/anti-inflammatory cytokines ratio. Also, lipid
abnormalities, insulin resistance (IR), and increased risk of atherosclerosis have been
described in chronic HCV[2,3].
HCV may trigger atherosclerosis through the production of intracellular adhesion
molecules, anti-endothelial antibodies, oxidative stress generation, and IR[4,5]. Increased
carotid intima-media thickness (CIMT) represents an initial ultrasonographic sign of
atherosclerosis that can be easily evaluated at the bedside. Previously, HCV RNA was
isolated from carotid plaques from patients infected with HCV[6,7].
HCV is a hybrid molecule composed of viral and lipoprotein components
(lipoviroparticles); the latter resemble very low-density lipoproteins (VLDLs) and lowdensity lipoproteins (LDLs)[8], and conjugate with cell surface receptors mainly
scavenger receptor class B member 1 protein and the LDL receptor[9], the latter binds to
either the lipoprotein component of the viral particle or the hyper-variable region 1 of
glycoprotein E2[10].
HCV infection causes a defect in intrahepatic cholesterol synthesis due to its
employment in viral replication, with a later decrease in the available cholesterol for
peripheral delivery via VLDL and this stimulates more expression of LDL receptors
and an increase in LDL uptake by the liver accounting for the decreased serum LDL;
therefore, sustained virological response (SVR) may cause a rebound increase in lipid
levels[11]. VLDL level may be low in advanced liver diseases due to decreased synthesis
and therefore it can be used as a marker of advanced fibrosis[12,13].
In addition to predicting EVs and fibrosis severity, the objective of this study was to
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determine predictive markers of vascular changes and endothelial dysfunction in
HCV-related cirrhosis.

MATERIALS AND METHODS
Study aim
Evaluation of the association of changes in lipid profile, CIMT and ankle-brachial
index (ABI) with the severity of fibrosis, grades of EVs, and fibrosis indices.

Study design
This cross-sectional case-control study was conducted in the Gastroenterology and
Hepatology Clinic, Department of Internal Medicine, Faculty of Medicine, Zagazig
University Hospitals during the period from November 2018 to December 2019. The
research protocol (IRB-255-2018) was accepted by the Zagazig Faculty of Medicine
Ethical Committee.
All procedures were carried out under the Zagazig University's ethical principles
and in compliance with the Helsinki declaration and its more recent modifications.
Informed consent was obtained from each patient who participated in the study.

Patient population
The study included chronic HCV infected patients (n = 180) and 60 healthy subjects as
a control group, all were matched for age, sex, and body mass index.Diagnosis of liver
cirrhosis was based on clinical, laboratory, ultrasonographic, and FibroScan features.
Eligible patients obtained a diagnosis of liver cirrhosis secondary to HCV infection
proven by a positive anti-HCV test and HCV-RNA in serum, and were divided into 2
groups: Group 1 which included 90 cirrhotic patients complicated with EVs and group
2 which included 90 cirrhotic patients without EVs. Group 3 included the control
subjects.

Exclusion criteria
Smoking, obesity, patients with other diseases that may alter serum lipid levels such as
diabetes, non-alcoholic fatty liver disease or chronic alcohol consumption, any patients
who had previously received anti-viral therapy for HCV or had been cured of HCV
which may induce a rebound increase in serum lipids, lipid-lowering medications,
recipients of solid organ transplantation and patients who had refused to participate in
the study.

Laboratory analysis
Routine laboratory tests were performed including liver and kidney function tests, full
blood count, and coagulation profile. LDL-C was calculated using the Friedewald
formula: LDL-C (mg/dL) = Total cholesterol–(HDL-C)–(triglycerides/5)[14]. The
LDL/platelet count ratio was also calculated. VLDL cholesterol was estimated by
dividing the TGs/5if the TGs were lower than 450 mg/dL[15].

Abdominal ultrasonography
The ultrasonographic features of liver cirrhosis or the presence of ascites were
documented. Criteria for portal hypertension were defined as portal vein diameter
greater than 13 mm, splenic bipolar diameter greater than 130 mm or the presence of
portal venous collaterals[16].

Carotid artery intima-media thickness
Common carotid arteries were evaluated on both sides by an experienced radiologist
who was blinded to clinical data using B-mode duplex ultrasound with a 7.5MHz
linear probe (Siemens G60®). CIMT was measured from the intima lumen interface to
the media adventitia interface; with a value > 0.9 mm considered abnormal. Three
measures were obtained on either side; the mean CIMT was defined as the mean right
and left CIMT[17].

Non-invasive documentation of liver fibrosis
Liver stiffness measurement: Liver stiffness measurement was performed by an
experienced physician who was blinded to the clinical data of the patients using
FibroScan®. Fibrosis stages F0-1; F2; F3 and F4 or cirrhosis were defined by the
spectrum of liver stiffness values 2.5-7, 7-9.5, 9.5-12.5 and > 12.5 kPa, respectively[18].
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Traditional non-invasive tools
Fibrosis index-4: This was calculated by the following equation using 4 factors: [age
(year)×aspartate aminotransferase (U/L)]/[platelet count (PLT) (109/L)]×[alanine
aminotransferase (U/L)]. A fibrosis index-4 (FIB-4) score < 1.45 displayed a negative
predictive value of 90% for advanced fibrosis, however, a FIB-4 > 3.25 had a 97%
specificity and a positive predictive value of 65% for advanced fibrosis[19].
PLT/splenic diameter ratio: The PLT/splenic diameter (PLT/SD) ratio was calculated
by dividing the number of platelets (μL) by the maximum bipolar diameter of the
spleen in millimeters, detected by abdominal ultrasound.

Upper gastrointestinalendoscopy
EVs were diagnosed and graded from grade I to grade IV, using the Paquet grading
system[20].

Assessment of endothelial dysfunction
Endothelial dysfunction can be evaluated by flow-mediated dilatation in the brachial
artery using high-resolution ultrasound or simply by bedside ABI which is considered
an easy and cost-effective method for assessing endothelial dysfunction[21].The patient
remained in the supine position for 5 min and the blood pressure cuff was applied to
the arm and lower calf, then the stethoscope was used to measure the systolic pressure
in the brachial and dorsalis pedis arteries of both sides. ABI was calculated by dividing
the highest value of pressure in the dorsalis pedis arteries by the highest brachial
pressure. The normal ABI is over 1 and the cutoff value to diagnose peripheral arterial
disease is ≤ 0.90 at rest with a sensitivity of 95% and specificity of 100%, values > 1.40
suggest arteriosclerosis mainly seen in diabetes or chronic renal failure[22].

Statistical analysis
All data were statistically analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL,
United States). Quantitative data were expressed as the mean ± SD. Qualitative data
were expressed as absolute frequencies (number) and (percentage). The F test was
performed to compare between more than two groups of normally distributed
variables. LSD with Bonferroni correction was applied to detect the difference between
groups.
Spearman’s correlation coefficient (r) was performed for ordinal variables and
Pearson correlation for continuous variables. Logistic regression analysis was
performed by forwarding selection to identify variables independently associated with
advanced fibrosis and endothelial dysfunction. All variables with P < 0.05 were
considered statistically significant.
Receiver operating characteristic curves were plotted and the area under the curve
(AUC) was calculated, the performance of the cutoff value was judged by calculation
of Youden’s J value; values near 1 indicated good performance (J = sensitivity +
specificity – 1). Sensitivity/specificity and positive/negative predictive values for the
non-invasive diagnosis of fibrosis, EVs, and endothelial dysfunction were assessed
considering liver stiffness as the reference for stages of fibrosis.

RESULTS
Basic demographic, clinical, laboratory and endoscopic findings
The current study included 240 subjects, and the baseline demographic, laboratory,
and endoscopic findings of all subjects are summarized in Table 1. A highly significant
statistical difference regarding serum transaminases and platelet count was found
among the groups with the key significant difference between group 1 (cirrhosis with
EVs) and group 2 (cirrhosis without EVs), and group 1 (cirrhosis with EVs) and group
3 (control group) (P = 0.001 and 0.001, respectively).
The total cholesterol and LDL levels were significantly lower in group 1 with a
significant difference between groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001,
respectively).
VLDL was significantly lower in group 1 with a significant difference between
groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001, respectively) and between group 2 & 3 (P
= 0.001). Also, the LDL/platelet count ratio was significantly higher in group 1 with a
significant difference between groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001,
respectively).
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Table 1 Baseline laboratory and endoscopic findings of the enrolled patients
Variable

Liver cirrhosis with EVs

Liver cirrhosis without EVs

Control group

P value1

n

90

90

60

-

Sex (M/F)

62/28

60/30

40/20

0.4

49.6 ± 8.4

47.7 ± 9.7

46 ± 6.7

0.32

BMI (kg/m )

26.3 ± 2.1

25.8 ± 1.3

26.6 ± 0.9

0.21

ABI

0.94 ± 0.09

1.08 ± 0.13

1.16 ± 0.11

0.001

AST (IU/L)

53.7 ± 10.2

43.7 ± 5.6

31.1 ± 10.8

0.001

ALT (IU/L)

47.2 ± 7.8

36.2 ± 8.5

30.6 ± 7.7

0.001

Platelet count × 103

79.2 ± 21.2

189.3 ± 43.2

197.7 ± 18.7

0.001

Total cholesterol (mg/dL)

177.6 ± 18.8

199.2 ± 27.4

210.4 ± 12.6

0.01

HDL (mg/dL)

39.5 ± 4.3

44.6 ± 7.1

35.4 ± 5.3

0.004

TGs (mg/dL)

135.7 ± 14.4

168.8 ± 12.8

180.8 ± 8.4

0.01

VLDL (mg/dL)

16.6 ± 4.3

26.5 ± 5.3

25 ± 5.7

0.001

LDL (mg/dL)

105.8 ± 14.5

128.9 ± 20.6

138.9 ± 16.5

0.03

FIB-4

4.97 ± 1.8

1.54 ± 0.47

1.51 ± 0.3

0.001

Platelets/SD ratio

449 ± 167

1375 ± 380

1702 ± 238

0.001

LDL/platelet count ratio

1.41 ± 0.4

0.71 ± 0.21

0.75 ± 0.09

0.001

Child-Pugh class (n)

A (26), B (46), C (18)

A (88), B (2)

Non-cirrhotic

-

Endoscopy

-

-

-

-

EVs

-

-

-

-

Grade I-II, n (%)

32 (35.5)

-

-

-

Grade III, n (%)

42 (46.7)

-

-

-

Grade IV, n (%)

16 (17.8)

-

-

-

2

12 (13.3)

-

-

-

Age (yr)
2

Fundal varix, n (%)

1

P value less than 0.05 is considered significant.
Fundal varices were not isolated but associated with G I esophageal varices (EV) (n = 2), G II EV (n = 6), G III-IV EV (n = 4).
BMI: Body mass index; ABI: Ankle-brachial index; LDL: Low-density lipoproteins; HDL: High-density lipoproteins; VLDL: Very low-density lipoproteins;
TGs: Triglycerides; EVs: Esophageal varices; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; SD: Splenic diameter; FIB-4: Fibrosis index4.
2

FIB-4 values were significantly higher in group 1 with a significant difference
between group 1 & 2, and 1 & 3 (P = 0.001 and 0.001, respectively) as presented in
Table 1. In addition, ABI was significantly lower in group 1 when compared with
group 2 and 3 (Table 1).

Radiological findings
Carotid-intima media thickness was significantly higher in group 1 when compared
with group 2 and 3. These results are presented in Figure 1 and Table 2. SD and
FibroScan readings (kPa) were significantly higher in cirrhotic patients with EVs with
a significant difference between group 1 & 2, and 1 & 3 (P = 0.001 and 0.001), however,
the PLT/SD ratio was significantly lower in the same group as presented in Table 2.
The cutoff value of the PLT/SD ratio associated with advanced fibrosis and presence
of EVs was 872 with a sensitivity of 100%, specificity of 94%, AUC of 0.991, P = 0.001,
and Youden's J value of 0.94.
Liver stiffness significantly correlated with platelet count (r = -0.615, P = 0.001),
VLDL (r = -0.619, P = 0.001), SD (r = 0.534, P = 0.001), FIB-4 (r = 0.588, P = 0.001), CIMT
(0.712, P = 0.001), LDL/PLT ratio (r = 0.677, P = 0.001), and ABI (r = -0.546, P = 0.001).
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Table 2 Ultrasonographic and liver stiffness values of the enrolled patients
Variable

Liver cirrhosis with EVs

Liver cirrhosis without EVs

Control group

P value

Splenic diameter

182.9 ± 21.4

141 ± 12.8

111.2 ± 9.7

0.003

Platelets/SD ratio

449 ± 166

1374.9 ± 380

1701 ± 239

0.001

FibroScan (kPa)

24.4 ± 6.02

14.8 ± 1.9

5.2 ± 0.82

0.001

CIMT (mm)

1.2 ± 0.13

0.69 ± 0.14

0.62 ± 0.11

0.001

CIMT: Carotid-intima media thickness; EVs: Esophageal varices; SD: Splenic diameter.

Figure 1 Carotid intima-media thickness in the study groups. A: Carotid-intima media thickness (CIMT) in a cirrhotic patient without esophageal varices
(EVs) (0.72 mm); B: CIMT in a cirrhotic patient with EVs (1.42 mm); C: CIMT in a healthy control subject (0.6 mm).

Correlation of the new non-invasive markers to traditional tools
An increasingly significant direct correlation was detected between the LDL/PLT
ratio, LS (r = 0.677, P = 0.001) and FIB4 (r = 0.763, P = 0.001). On the other hand, a high
significant negative correlation was detected between VLDL and LS (r = -0.769, P =
0.001) as well as FIB4 (r = -0.533, P = 0.001) as shown in Figure 2 and Supplementary
Figure 1.

Cutoff values of the new non-invasive markers for diagnostic performance for
fibrosis severity, EVs and endothelial dysfunction in cirrhotic patients
Multivariate logistic regression was carried out to identify variables independently
associated with fibrosis severity, EVs and endothelial dysfunction and revealed that
VLDL (β = 0.988, odds ratio 2.5, P = 0.001), LDL/PLT ratio (β = 1.178, odds ratio 3.24, P
= 0.001), CIMT (β = 1.37, odds ratio 3.9, P = 0.001), and ABI (β = 2.3, odds ratio 5.9, P =
0.001) were independently associated with fibrosis severity.
CIMT and LDL/PLT ratio were predictive of advanced fibrosis, EVs and endothelial
dysfunction at cutoff values 1.1 mm and 1, respectively, with an AUC of 0.966 and
0.960, 95%CI(0.913-1 and 0.916-1), sensitivity of 86.9% and 94%, specificity of 95% and
82% as presented in Figure 3, and Youden’s J value = 0.819 and 0.76, respectively.
VLDL and ABI cutoff values predictive of advanced fibrosis, EVs and endothelial
dysfunction were 16.5 mg/dL and 0.94 with an AUC of 0.891 and 0.823, sensitivity of
74.1% and 90.5%, and specificity of 100% and 92%, and corresponding to Youden’s J
value = 0.741 and 0.82, respectively, as presented in Figure 4.
When patients were categorized based on the determined cutoff values of VLDL,
CIMT, ABI, and the LDL/platelet ratio; they displayed an extremely significant
discriminating ability for lipid profile, platelet count, SD, FIB-4 and the PLT/SD ratio
as presented in Table 3.
CIMT > 1.1 mm, LDL/PLT ratio > 1, and VLDL < 16.5 were associated with lower
ABI values and in this way endothelial dysfunction (P = 0.001) when compared with
other non-invasive tools. Also, CIMT > 1.1 mm, LDL/PLT ratio > 1, ABI < 0.94 and
VLDL < 16.5 showed comparable results for liver stiffness and were more efficient in
identifying EVs (P = 0.001) and equally large EVs (P = 0.048) when compared with
traditional tools such as FIB-4 and the platelets/SD ratio as shown in Table 4.
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Table 3 Discriminating ability of the novel markers in the studied groups
Variable

VLDL

Cutoff value

Below 16.5

Above 16.5

P value

Below 1.1

Above 1.1

P value

Below 1

Above 1

P value

Below 0.94

Above 0.94

P value

n

76

164

-

96

144

-

98

142

-

70

170

-

Sex (M/F)

56/20

106/58

0.2

64/32

98/46

0.86

66/32

96/46

0.83

47/23

115/55

0.45

Age (yr)

50.3 ± 10

48.5 ± 8.3

0.3

49.6 ± 8.6

48.7 ± 9

0.56

49.8 ± 8.8

48 ± 9

0.78

51.5 ± 8.9

48.2 ± 7.4

0.2

AST (IU/L)

46 ± 11.6

38.4 ± 12.1

0.01

47.5 ± 11.8

34.9 ± 8.4

0.01

52 ± 11

35 ± 9

0.001

49 ± 12

38 ± 11

0.03

45 ± 8.4

37.5 ± 8.5

0.03

46 ± 8

35.4 ± 7

0.03

45 ± 7.8

34 ± 5.6

0.02

43 ± 8

32 ± 8

0.047

83.6 ± 47

165.5 ± 62.2

0.001

82.5 ± 41.4

182 ± 40

0.001

81 ± 26

188 ± 41

0.001

87 ± 23

160 ± 61

0.001

Total cholesterol

166 ± 21

198 ± 24

0.02

170 ± 18

200.5 ± 26

0.034

168 ± 26

197 ± 28

0.04

173 ± 27

196 ± 25

0.023

Triglycerides (mg/dL)

135.7 ± 15

164 ± 19

0.03

137 ± 15

168 ± 15

0.032

140 ± 19

168 ± 16

0.045

143 ± 18

162 ± 24

0.01

VLDL (mg/dL)

14.6 ± 1.5

26.2 ± 5.6

0.001

17 ± 4.9

28 ± 7

0.001

15 ± 4

32 ± 6

0.001

17 ± 5

25 ± 12

0.03

LDL (mg/dL)

106 ± 15

126 ± 21

0.001

102 ± 13

130 ± 20

0.023

110 ± 17

122 ± 20

0.06

109 ± 19

129 ± 22

0.021

HDL (mg/dL)

40 ± 4

43 ± 8

0.89

39 ± 5

42 ± 8.2

0.45

40 ± 5

42 ± 8

0.82

39 ± 4

42 ± 8

0.34

FIB-4

5.03 ± 1.8

2.2 ± 1.6

0.001

5 ± 2

1.7 ± 0.6

0.001

4.9 ± 1.9

1.6 ± 0.5

0.001

4.2 ± 2

2.4 ± 1.9

0.01

LDL/platelet count ratio

1.5 ± 0.48

0.84 ± 0.3

0.001

1.4 ± 0.4

0.75 ± 0.21

0.001

1.5 ± 0.3

0.7 ± 0.15

0.001

1.24 ± 0.21

0.91 ± 0.34

0.001S

Splenic diameter (mm)

186.3 ± 25.4

141.5 ± 24

0.001

185.4 ± 20

133 ± 17

0.001

181 ± 24

122 ± 11

0.001

171 ± 29

136 ± 13

0.001

Platelets/SD

492.6 ± 76.2

1237.7 ± 502

0.001

463.3 ± 43

1400 ± 410

0.001

471 ± 213

1440 ± 402

0.001

678 ± 298

1173 ± 554

0.001

ALT (IU/L)
Platelet count × 10

3

CIMT

LDL/platelet ratio

ABI

ABI: Ankle-brachial index; LDL: Low-density lipoproteins; HDL: High-density lipoproteins; VLDL: Very low-density lipoproteins; CIMT: Carotid-intima media thickness; SD: Splenic diameter; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; FIB-4: Fibrosis index-4.

DISCUSSION
Compensated cirrhosis may be difficult to differentiate from chronic hepatitis[23,24].
Accurate assessment of the fibrosis stage requires screening for complications mainly
EVs to commence appropriate treatment[25].
Tools to estimate the extent and severity of liver fibrosis may be invasive such as
liver biopsy, or non-invasive such as serological tests and imaging[26]. Liver biopsy is
the best available standard modality of reference, but it has some limits and it is
refused by most patients[27,28].
Could endothelial dysfunction be linked to histological severity and EVs
development in HCV-related cirrhosis? This was the research question in the current
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Table 4 Performance of the novel markers when compared to the traditional tools
Cutoff value

PLT/SD ratio
above 872

FIB-4 above
3.25

ABI below
0.94

LDL/PLT ratio
above 1

CIMT above
1.1

VLDL below
16.5

n

90

90

70

98

96

76

LS (kPa)

24.4 ± 6.2

26. 5 ± 5.2

22 ± 8.2

23 ± 7

24.6 ± 6.7

25.3 ± 6.3

F = 1.87, P =
0.117

ABI

1.08 ± 0.09

1.09 ± 0.1

0.887 ± 0.04

0.93 ± 0.1

0.88 ± 0.1

0.96 ± 0.08

F = 30, P =
0.001

Endoscopy

-

-

-

-

-

-

-

EVs, n (%)

82/90 (91.1)

56/90 (62.2)

65/70 (92.9)

92/98 (94)

90/96 (93.8)

68/76 (89.5)

P = 0.001

Grade I-II, n (%)

26/32 (81.3)

14/32 (35)

20/32 (62.5)

24/32 (75)

24/32 (75)

10/32 (31.3)

χ2 = 13.3, P =
0.009

Grade III, n (%)

32/42 (76.2)

30/42 (71.4)

30/42 (71.4)

42/42 (100)

40/42 (95)

34/42 (81)

χ2= 7.67, P =
0.104

Grade IV, n (%)

14/16 (87.5)

6/16 (37.5)

9/16 (56.3)

16/16 (100)

16/16 (100)

12/16 (75)

χ2= 9.55, P =
0.048

Fundal varix, n
(%)

10/12 (83.3)

6/12 (50)

6/12 (50)

10/12 (83)

10/12 (83)

12/12 (100)

χ2= 3.47,P =
0.48

P value

LS: Liver stiffness; ABI: Ankle-brachial index; LDL: Low-density lipoproteins; VLDL: Very low-density lipoproteins; EVs: Esophageal varices; CIMT:
Carotid-intima media thickness; PLT: Platelets; SD: Splenic diameter; FIB-4: Fibrosis index-4.

Figure 2 Correlation of liver stiffness with low-density lipoproteins/platelet count ratio (A) and very low-density lipoproteins (B). LS: Liver
stiffness; LDL: Low-density lipoproteins; VLDL: Very low-density lipoproteins.

study, which revealed that cirrhotic patients with and without EVs experienced
significantly more reduced levels of total cholesterol, triglycerides, LDL, VLDL and
several studies determined the changes in the lipid profile of patients with chronic
liver disease and correlated them with the severity of liver disease. Abbasi et al[29]
stated that serum cholesterol and triglycerides levels were inversely proportional to
the histological severity. Ghadir et al[30] and Boemeke et al[31] observed a significant
decrease in LDL, triglyceride, VLDL, and total cholesterol in cirrhotic patients
compared with controls.
In advanced cirrhosis, IR is more common and associated with dyslipidemia with
enhanced systemic inflammation[32,33]. There are no available reports that link lipid
profile changes, CIMT, and ABI as non-invasive tools to the presence and size of EVs.
The current study is the first to describe the capability of predicting the presence
and grading of EVs using lipid profile, CIMT, and ABI and to link the emergence of
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Figure 3 Receiver operating characteristic curve to detect cutoff values of carotid-intima media thickness and low-density
lipoproteins/platelet count ratio. LDL: Low-density lipoproteins; CIMT: Carotid-intima media thickness; AUC: Area under the curve; ROC: Receiver operating
characteristic.

EVs with underlying endothelial dysfunction that may increase morbidity through an
added cardiovascular risk.
In a study which enrolled patients with HCV and liver cirrhosis, the CIMT and
epicardial fat thickness were significantly increased in the cirrhotic and non-cirrhotic
HCV groups when compared with the control group, and CIMT and epicardial fat
thickness were significantly increased with the progression of Child's class, spleen
span, portal vein diameter and negatively associated with PLT[34].
Another study showed that CIMT was significantly higher in HCV-positive patients
(1.04) than in HCV-negative patients (0.71) with more frequent plaque formation and
therefore chronic HCV was an independent risk factor for stroke[35]. Patients with
chronic liver disease and cirrhosis have more elevated risks of acute coronary
syndrome and peripheral arterial disease than those without chronic liver disease and
cirrhosis[36,37] .
In another study conducted in patients with HCV-related liver cirrhosis without a
previous history of cerebrovascular disease, cardiac and peripheral vascular diseases, a
decrease in the brachial-ankle pulse wave velocity was reported to be directly in
proportion to the severity of cirrhosis (F = 4.90, P < 0.05)[38].
Due to the proven lipid changes in cirrhotic patients and thrombocytopenia as a
well-known non-invasive predictor of liver cirrhosis and EVs; a new promising noninvasive predictor (LDL/PLT ratio) was calculated, and our results confirmed that this
ratio was significantly higher in cirrhotic patients complicated with EVs (P < 0.001).
Using multivariate logistic regression to detect variables independently associated
with significant fibrosis, EVs, and endothelial dysfunction; CIMT, VLDL, LDL/PLT
ratio, and ABI were the most significant variables.
CIMT > 1.1 mm, LDL/PLT ratio > 1,VLDL < 16.5 mg/d, and ABI < 0.94 were
significantly associated with higher liver stiffness values, FIB4, SD and increased
incidence of larger varices (P < 0.001) with a significant discriminating ability for the
degree of liver stiffness and grades of EVs with the advantage of providing
information on endothelial dysfunction assessed by ABI when they were compared
with the traditional non-invasive tools such as FIB-4 and PLT/SD ratio.
The limitation of the current study is that it was conducted in a single center and
specific cardiac investigations should be performed to diagnose cardiovascular disease
risk such as electrocardiography, echocardiography and coronary CT angiography
which need to be conducted in high risk cirrhotic patients in future studies.

CONCLUSION
In conclusion, based on the current results, this may offer the chance for these markers
to serve as non-invasive predictors of cirrhosis, EVs and endothelial dysfunction in
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Figure 4 Receiver operating characteristic curve to detect cutoff value of ankle-brachial index (A) and very low-density lipoprotein (B).
ABI: Ankle-brachial index; VLDL: Very low-density lipoprotein; AUC: Area under the curve.

this category of patients. The study raised an issue worthy of research, as patients with
advanced fibrosis and larger varices had higher CIMT and lower ABI; therefore,
placing these patients at an increased cardiovascular risk added to the risk of variceal
bleeding; thus, prevention and treatment should be discussed in other studies.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing the
circulating levels of inflammatory cytokines. HCV may induce endothelial
dysfunction.
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Research motivation
We believe that there is a potential correlation between the changes in lipid profile,
carotid intima-media thickness (CIMT) and ankle-brachial index with the severity of
fibrosis, grades of esophageal varices (EVs), and fibrosis indices.

Research objectives
To identify predictive markers of vascular changes and endothelial dysfunction in
HCV-related cirrhosis

Research methods
HCV infected cirrhotic patients with and without EVs were evaluated by routine
laboratory tests, including lipid profile assay, abdominal ultrasonography, carotid
intima-media thickness (CIMT) by carotid Doppler, bedside ankle-brachial index
(ABI), liver stiffness measurement, and upper gastrointestinal endoscopy and
compared to the healthy control group. Logistic regression analysis was performed to
identify variables independently associated with advanced fibrosis and endothelial
dysfunction.

Research results
CIMT, low-density lipoproteins (LDL)/platelet ratio, ABI, and very LDL (VLDL) were
predictive of advanced fibrosis, EVs and endothelial dysfunction. They were effective
at cutoff values of 1.1 mm, 1, 0.94, and 16.5 mg/dL, respectively.

Research conclusions
CIMT, ABI, VLDL, and LDL/platelet count ratio are good non-invasive predictors of
advanced fibrosis, presence of EVs, and endothelial dysfunction in liver cirrhosis.

Research perspectives
The proposed markers serve as non-invasive predictors of cirrhosis, EVs and
endothelial dysfunction, and patients with advanced fibrosis and larger varices had
higher CIMT and lower ABI consequently, they bear an increased cardiovascular risk
added to the risk of variceal bleeding. The study was designed and validated in a
single-center. External, prospective validation is required to determine the widespread
applicability and utility of this model.
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Abstract
BACKGROUND
Kratom is a psychoactive substance that is isolated from the plant Mitragyna
speciosa. The leaves can be chewed fresh or dried, smoked, or infused similar to
herbal teas. The plant leaves have been used by natives of Southeast Asia for
centuries. The substance has been used for its stimulant activity at low doses, and
as an opium substitute at higher doses due to a morphine like effect.
CASE SUMMARY
A 37-year-old female with a history of depression and obesity (body mass index:
32) presented to emergency room with a week-long history of nausea, decreased
appetite, fatigue, and two days of jaundice. On admission bilirubin was markedly
elevated. Her condition was thought to be due to consumption of Kratom 2 wk
before onset of symptoms. Liver biopsy showed changes mimicking primary
biliary cholangitis. Patient’s symptoms and jaundice improved quickly.
CONCLUSION
The use of Kratom has been on the rise in recent years across the United States
and Europe. Several case reports have associated adverse health impact of
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Kratom-containing products including death due to its ability to alter levels of
consciousness. Only a few case reports have highlighted the hepatotoxic effects of
Kratom. Even fewer reports exist describing the detailed histopathological
changes.
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Core Tip: Kratom induced liver injury is an important differential diagnosis for
physicians to consider in any patient presenting with acute liver injury. As observed in
our patient, this manifestation of Kratom consumption may occur even at low doses.
Further, this case report demonstrates that a thorough history is essential for an
accurate and timely diagnosis. Patients may consider dietary and herb supplements to
be natural and risk-free products, not realizing the potential for harm. In addition to
asking their patients about consumption of any supplements, it is imperative that
physicians update themselves so as to be able to discuss the benefits and risks, and
counsel their patients effectively. Identifying use of supplements helps in early
diagnosis and treatment, while also preventing future harm. From the pathology
perspective, biliary changes associated with Kratom injury can mimic primary biliary
cholangitis.
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INTRODUCTION
Acute liver failure is a severe condition which may rapidly become fatal[1]. In the
United States, a significant number of these cases occur due to drug-induced liver
injury[2]. Apart from prescribed medications, consumption of herbal and dietary
supplements also plays an important role in causing liver injury[2]. We present here a
case of a 37-year-old female, with drug induced liver injury mimicking as
antimitochondrial antibody (AMA) negative primary biliary cholangitis (PBC),
secondary to consumption of an herbal supplement, Kratom. Derived from the leaves
of Mitragyna speciosa, a plant found in Southeast Asia and Africa, this supplement is
used for its stimulant properties, as a substitute for opioids, and to help opioid
withdrawal symptoms[3]. People in the United States report using this supplement
predominantly for pain relief, and also report increased levels of energy and focus
with consumption[4]. Our patient learned of this herbal supplement from a friend and
reported consuming it in order to boost her energy levels. Although uncommon, this
herbal supplement is associated with the risk of hepatotoxicity, making it imperative
for physicians to be aware of its harmful effects and caution their patients against its
use[4].

CASE PRESENTATION
Chief complaints
A 37-year-old female with a history of depression and obesity (body mass index: 32)
presented to emergency room with a week-long history of nausea, decreased appetite,
fatigue, and two days of jaundice.

History of present illness
Four days prior to admission, she noticed that her stools were becoming tanner and

WJH

https://www.wjgnet.com

864

October 27, 2020

Volume 12

Issue 10

Gandhi D et al. Kratom induced severe cholestatic liver injury

eventually turned white. She also reported that her urine was dark. Two days prior to
admission the patient noticed jaundice and scleral icterus which prompted her to seek
treatment. Her only home medication was venlafaxine, which she had been taking for
several years. She has no history of alcohol abuse.
On further questioning about new medications or supplement use, the patient
reported using an herbal supplement containing Kratom two weeks prior to the onset
of her symptoms. She used the supplement for the first time in her life. Encouraged by
a friend to use the supplement to “boost energy levels,” she believed it was safe
because it was “all natural”. She consumed approximately three grams in total over
the course of three days in the form of powder (which she dissolved in water) and
tablets. During her hospitalization, the patient’s liver enzymes continued to rise. On
day 3 of her hospitalization, a liver biopsy was performed.

History of past illness
History of depression and obesity.

Physical examination
Unremarkable except jaundice.

Laboratory examinations
On admission, the patient had markedly elevated liver enzymes (Table 1). Other basic
laboratory findings including blood count, basic metabolic panel, coagulation panel,
serum thyroid stimulating hormone and antinuclear antibody were within normal
range. Viral and autoimmune hepatitis studies were normal. Ceruloplasmin level was
also normal. AMA was negative.

Imaging examinations
An abdominal ultrasound showed diffuse increased echogenicity of the liver with
normal liver size and contour suggests diffuse hepatic steatosis (Figure 1). No
intrahepatic or common biliary duct dilation or gall stones seen. An abdominal
computed tomography scan showed similar findings. Magnetic resonance
cholangiopancreatography did not demonstrate any further abnormalities.

FINAL DIAGNOSIS
Kratom induced severe liver injury histologically mimicking PBC.

TREATMENT
The patient was started on prednisone 40 mg daily. Advised to avoid any new
medications or over the counter products with the potential risk of liver injury till her
liver enzymes normalized.

OUTCOME AND FOLLOW-UP
The patient was discharged on day 5 of hospitalization and follow up was arranged
with gastroenterology clinic. The patient had liver enzymes checked six days after
discharge; her symptoms and liver enzymes showed marked improvement. Steroids
were stopped. Patient was lost to further lab follow up with gastroenterology clinic but
reported feeling back to her normal on follow up phone call 2-wk post hospitalization.

DISCUSSION
The herbal supplement Kratom is a psychoactive substance derived from the leaves of
Mitragyna speciosa, a plant native to Southeast Asia[3]. Its leaves are used for a variety of
purposes, such as pain relief, enhancing energy levels, substituting opioids, managing
opioid withdrawal[3,4]. The psychoactive compounds of Kratom, mitragynine, and 7hydroxymitragynine may also result in altered consciousness, particularly at high
doses of consumption[3]. As a result, Kratom is a controlled drug in several countries
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Table 1 Patient’s liver function labs from the day after admission until the day of hospital discharge
HD1

HD2

HD3

HD4

HD5

Six days post- discharge

Normal values

Total bilirubin (mg/dL)

10.3

12.0

14.5

17.2

19.5

5.7

< 1.0

Alkaline phosphatase (U/L)

672

677

744

817

839

507

50-160

ALT (U/L)

578

585

600

608

591

323

0-30

AST (U/L)

455

461

437

401

385

101

0-40

HD: Hospital day; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Figure 1 The abdominal ultrasound. A: Diffuse fatty infiltration of liver; B: Normal common bile duct and intrahepatic biliary ducts (orange arrows) in magnetic
resonance cholangiopancreatography 3D image.

and illegal in several others[5]. The Drug Enforcement Administration of the United
States considers it a Drug and Chemical of Concern[6]. While Kratom products are legal
in most parts of the United States, a few states and cities have banned them[4]. With
concerns regarding its safety, the Food and Drug Administration warns consumers
against the use of these products[4,7].
Further, studies have shown that patients reporting Kratom use may present with
confusion, lethargy, irritability, agitation, nausea and vomiting, tachycardia,
hypertension or in severe cases, bradycardia, seizures, increased bilirubin, renal failure
and even coma[4]. Further, Kratom is also reported to exert effects similar to opioids,
such as sedation, hypnosis, nausea, stupor and respiratory depression[3,4,8]. In addition
to this, the Food and Drug Administration has recalled Kratom supplements due to
contamination with Salmonella[9].
Although Kratom induced liver injury is described, reports with detailed
description of histopathological changes are rare which are mentioned below in
Table 2. Rapid clinical and liver enzyme improvement supports the diagnosis of
Kratom induced liver injury.
An interesting aspect of our case is the pathological features of liver injury
(Figure 2). The zone 3 cholestasis was felt to reflect drug effect; zone 3 cholestasis is a
common finding in cholestatic drug reactions but not a feature of early stage PBC. The
lymphocytic cholangitis, a typical feature of PBC and unusual medication-injury
finding, raised initial concern for underlying early stage PBC. This is of lesser concern
given her negative antinuclear antibody and AMA status, trend toward rapid
resolution of liver enzymes, and a case report by Aldyab et al[10] in 2019 that reported a
case of kratom toxicity with granulomatous cholangitis (another form of florid duct
lesion) that mimicked PBC. This was from a 40-year-old female presenting with liver
injury after Kratom use who initially perceived to have AMA-negative PBC but
diagnosed with Kratom induced liver injury after rapid normalization of liver
enzymes.
In the first published case report of intrahepatic cholestasis due to consumption of
Kratom, the patient’s laboratory results showed a peak bilirubin of 29.3 mg/dL with
prolonged elimination based on known half-life of the drug and analysis of urine
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Table 2 Kratom-induced hepatotoxicity with review of literature in patients with liver biopsy
Ref.

Age,
sex

Form, amount, duration of Kratom
consumed

Peak bilirubin
(mg/dL)

Disease pattern

Radiological findings

Histological findings

Kapp et al[11]

25, M

Abdominal pain, brown
urine, jaundice, pruritus

Powder, 1 to 2 teaspoon twice a day and
increased to 4-6 teaspoon over 2 wk (1
teaspoon approximately 2-3 g)

Direct bilirubin
29.3

Cholestatic (increased bilirubin,
AST, ALT, ALP)

USG, CT-hepatic steatosis

Cholestatic injury, no hepatocellular
damage, canalicular cholestasis

Drago et al[14]

23, M

Jaundice, pale stool, brown
urine for 4 d

Powder, 85 g total over 6 wk

Direct bilirubin
5.8

Cholestatic (increased bilirubin,
AST, ALT, ALP)

USG, CT-normal

Cholestatic liver injury

Bernier et al[15]

41, F

Jaundice, diarrhea, pruritus

Form not available, 1 teaspoon twice daily
for 1 wk

Direct bilirubin
15

Cholestatic (increased bilirubin,
AST, ALT, ALP)

-

Intralobular bile duct destruction with
cholestatic overload

Shah et al[16]

30, F

Abdominal pain, jaundice,
dark urine, pruritus

Tea containing Kratom, dose not available

Direct bilirubin
18

Cholestatic (increased bilirubin,
AST, ALT, ALP)

MRI-normal, ERCP–no bile duct
obstruction

Intrahepatic cholestasis

Riverso et al[13]

38, M

Dark urine, light stools,
fever

Not available

Total bilirubin
5.6

Cholestatic (increased bilirubin,
AST, ALT, ALP)

USG-normal

Acute cholestatic injury, mild bile duct
injury, portal inflammation

Mackenzie et al[17]
and De Francesco
et al[18]

27, M

Vomiting, epigastric pain,
diarrhea with associated
heavy alcohol intake

Powder, 3-4 teaspoon multiple times
weekly for several wk

Total bilirubin
11.2

Cholestatic (increased bilirubin,
AST, ALT, ALP)

-

Widespread hepatocellular necrosis with
extracellular cholestasis

Fernandes et al[12]

52, M

Mild fatigue, jaundice

Crushed leaves with water, 1 teaspoon
(approximately 1.5 g) once or twice a day
for 2 mo

Total bilirubin
28.9

Cholestatic (increased bilirubin,
ALP; slightly increased AST,
ALT)

MRI - normal

Canalicular cholestasis, bile duct injury,
hepatic lobule injury, mixed
inflammation in portal tracts

Aldyab et al[10]

40, F

Abdominal pain, fever

Form not available, once a week for 1 mo

Total bilirubin
5.1

Mixed cholestatic and
hepatocellular (increased
bilirubin, AST, ALT, ALP)

CT, MRCP–mild, nonspecific
periportal edema

Granulomatous duct injury

Pronesti et al[19]

30, M

Dark urine and pale stool for Powder with water, for 4-6 wk
1 wk, scleral icterus for 1 d

Total bilirubin
5.7, direct
bilirubin 4.5

Cholestatic (increased bilirubin,
AST, ALT, ALP)

USG–coarse hepatic echotexture

Hepatocellular and canalicular cholestasis
with inflammation and focal prominent
eosinophils. No fibrosis

LiverTox case
6972[20]

25, M

Abdominal pain, fever,
jaundice, dark urine,
pruritus

Total bilirubin
22.4

Mixed Hepatocellular and
cholestatic (increased bilirubin,
AST, ALT, ALP)

USG, CT–gall bladder wall
thickening with increased
perihepatic lymph nodes

Cholestatic injury with mild necrosis and
inflammation

Clinical findings

Powder, for 23 d

M: Male; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; USG: Ultrasonography; CT: Computed tomography; F: Female; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde
cholangiopancreatography; MRCP: Magnetic resonance cholangiopancreatography.

samples[11]. It was speculated that this could be due to the patient’s underlying
steatohepatitis[11]. Similarly, our patient also had steatohepatitis observed on imaging
and pathology, which could explain why even the relatively low doses of Kratom used
by our patient compared to other cases discussed in the literature led to such profound
liver injury.
As Kratom use appears to be on the rise in the United States, physicians need to be
aware of its potential for adverse effects[4,9]. This case highlights how even small
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Figure 2 Histopathological findings. A: Centrilobular areas showed well defined cholestasis; B and C: Portal tracts showed moderate chronic inflammation
and brisk lymphocytic-predominant bile duct injury; D: Background liver showed steatohepatitis which was felt to most likely be due to underlying obesity-related nonalcoholic fatty liver disease.

amounts of the supplement can be hepatotoxic. Physicians need to be able to discuss
safety concerns of over-the-counter supplements with their patients. Moreover, the
rising use of supplements and recreational substances can pose diagnostic challenges
for clinicians when their use is not reported. Medical providers always need to
consider the use of supplements when patients present with possible drug-induced
liver injury.

CONCLUSION
Kratom induced liver injury is an important differential diagnosis for physicians to
consider in any patient presenting with acute liver injury. As observed in our patient,
this manifestation of Kratom consumption may occur even at low doses. Further, this
case report demonstrates that a thorough history is essential for an accurate and timely
diagnosis. Patients may consider dietary and herb supplements to be natural and riskfree products, not realizing the potential for harm. In addition to asking their patients
about the consumption of any supplements, it is imperative that physicians update
themselves so as to be able to discuss the benefits and risks and counsel their patients
effectively. Identifying use of supplements helps in early diagnosis and treatment,
while also preventing future harm. From the pathology perspective, biliary changes
associated with Kratom injury can mimic PBC.
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Abstract
BACKGROUND
The novel coronavirus 2019 (COVID-19) pandemic has dramatically transformed
the care of the liver transplant patient. In patients who are immunosuppressed
and with multiple comorbidities, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has been associated with increased severity and mortality.
The main objective of this report is to communicate our experience in the
therapeutic management of SARS-CoV-2 infection in 3 liver transplant patients.
Secondly, we stress the management and investigation of the contagious
spreading into a liver transplant ward.
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The patients were two women (aged 61 years and 62 years) and one man (aged 68
years), all of them having recently received a liver transplant. All three patients
required intensive care unit admission and invasive mechanical ventilation. Two
of them progressed severely until death. The other one, who received tocilizumab,
had a good recovery. In the outbreak, the wife of one of the patients and four
healthcare professionals involved in their care were also infected.
CONCLUSION
We illustrate in detail the evolution of a nosocomial COVID-19 outbreak in a liver
transplant ward. We believe that these findings will contribute to a better
understanding of the natural history of the disease and will improve the treatment
of the liver transplant patient with COVID-19.
Key Words: Liver transplantation; COVID-19; SARS-CoV-2; Cross infection; Nosocomial
infection; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In patients who are immunosuppressed and with multiple comorbidities,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has been
associated with increased severity and mortality. We report our experience in the
therapeutic management of SARS-CoV-2 infection in 3 liver transplant patients and
stress the management and investigation of a contagious spreading into a liver
transplant ward.
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INTRODUCTION
After the first cases of coronavirus-2 pneumonia (SARS-CoV-2) were detected in early
December 2019 in Wuhan (Hubei, China)[1,2] a pandemic has overtaken hundreds of
countries[3]. The main active sources are currently located in Europe and the United
States[4]. This medical emergency has tested global healthcare systems, which have
established strategic changes and protocols to prioritize healthcare and avoid
overloading. The frequency of liver transplantation operations has been seriously
affected. Transplant programs depend on the availability of donors, the vast majority
of whom are deceased, and medical personnel normally oversee these programs in
intensive care units, but these facilities are currently overcrowded. The result of these
conditions has been a dramatic decrease in activity in all transplant groups around the
world. In Spain, the world leader in organ donation, surgeons had access to the livers
of about 100 deceased donors per week during the 3-month period before the detection
of the first case of novel coronavirus (COVID-19); this number has since dropped
dramatically to a level of only 15 donors per week[5,6].
In an effort to contain the pandemic, drastic community measures of social
confinement and distancing have been established, and these measures extend to the
healthcare environment, enhancing telematic activities for the ambulatory
management of patients. At the in-hospital level, most of the preventive measures are
aimed at preventing the spread of infection by healthcare professionals during the care
of COVID-19 patients. The impact of nosocomial infection by COVID-19 has
warranted little attention and could be especially relevant to transplant recipients
during their hospitalization.
The main objective of our work is to communicate our experience in the therapeutic
management of severe SARS-CoV-2 infection in three liver transplant patients who
required invasive mechanical ventilation, two of whom had an infection of nosocomial
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origin. We also analysed some lessons learned from this experience.

CASE PRESENTATION
Since the detection of the first case of COVID-19 in our region on March 8, 2020, and
until May 31st, 2020, a total of twelve liver transplant patients have been hospitalized
in our liver transplant unit.

Chief complaints
Case 1: Sixty-one-year-old woman with a liver transplant in September 2019 for
cryptogenic cirrhosis. In early March, she was admitted for diarrhea, and a few days
later she developed acute respiratory failure, and heart failure. A first RT-PCR of
SARS-CoV-2 from throat and pharyngeal swabs was negative but became positive
three days later after a second RT-PCR was conducted due to high clinical suspicion
(Figure 1). Treatment with hydroxychloroquine and lopinavir/ritonavir was then
initiated, adjusting the tacrolimus levels, but the patient suffered progressive clinical
and analytical worsening, with the need for invasive mechanical ventilation,
associated with pulmonary superinfection by Enterococcus faecalis and Enterococcus
faecium detected in bronchoalveolar lavage fluid. Finally, the patient developed shock
with multisystem failure and died in the third week of hospitalization.
Case 2: Sixty-eight-year-old male, transplanted on March 4, 2020, by non-alcoholic
steatohepatitis. During the immediate post-transplant period, he was diagnosed with a
biliary stricture and was treated endoscopically. His wife, the primary caregiver,
tested positive for SARS-CoV-2 via RT-PCR from pharyngeal swabs on March 18, 2020,
after reporting slightly compatible symptoms. All staff in contact with her, including
the patient himself (who was initially negative), were evaluated with RT-PCR. Of a
total of 40 people tested, one hepatologist was positive for SARS-CoV-2; this physician
was in contact with all patients admitted at that time. Four days later, the patient,
without symptoms, was discharged. Two days after discharge, the patient was
readmitted for fever and cough, and the RT-PCR of SARS-CoV-2 was positive
(Figure 1). Early treatment with hydroxychloroquine and azithromycin was initiated,
adjusting the doses of mycophenolic acid and tacrolimus. Seven days after the positive
result, the patient was admitted to the intensive care unit due to deterioration of
respiratory function requiring invasive mechanical ventilation and treatment with
tocilizumab. The patient progressed satisfactorily to home discharge and
asymptomatic, but still with a positive RT-PCR of SARS-CoV-2 two months later.
Case 3: Sixty-two-year-old woman who received a liver transplant in February 2019
secondary to primary biliary cholangitis and was discharged in the first week of March
2020 after an episode of constitutional syndrome. On April 6, 2020, she was readmitted
with fever, dyspnea, and diarrhea, with a RT-PCR positive for SARS-CoV-2. Fortyeight hours later, the patient progressively deteriorated, requiring admission to
intensive care unit with invasive mechanical ventilation, and was treated with
tocilizumab in addition to hydroxychloroquine, azithromycin, and methylprednisolone. Mycophenolic acid was suspended, and doses of tacrolimus were reduced to
the minimum necessary. After four days of invasive mechanical ventilation, extubation
was performed. In spite of the measures adopted, the patient evolved severely. Two
months after the onset of the outbreak, and still with a positive RT-PCR of SARS-CoV2, she developed a tracheoesophageal fistula. An esophageal prosthesis and an
extracorporeal venovenous membrane oxygenation (vv-ECMO) were placed. Fortyfive days after the first positive RT-PCR of SARS-CoV-2 the virus was negative in the
RT-PCR of the bronchoalveolar lavage. Unfortunately, the patient died eighty days
after the onset of the outbreak in our liver transplant unit.

History of present illness
A cluster of three patients who temporarily coincided in the hospitalization ward
developed a SARS-CoV-2 [reverse transcription polymerase chain reaction (RT-PCR)
throat swab] infection. Given the use of anonymous clinical data and the observational
approach of our paper, our work was exempt from approval from an ethics' board.
Table 1 shows the main clinical features of these three patients. It is important to note
that the wife of case 2, one hepatologist on the transplant team, and three nurses in the
ward were also infected with the SARS-CoV-2 virus.
In our transplant unit, the outbreak of SARS-CoV-2 began on March 18. After a
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Table 1 Details of the three cases reported
Case 1

Case 2

Case 3

Age (yr)

61

68

62

Sex

Female

Male

Female

LT indication

Cryptogenic cirrhosis

NASH

Primary biliary cholangitis

Date of liver transplant

September 7, 2019

March 3, 2020

February 13, 2019

Immunosuppression (per
day)

Tacrolimus 5 mg and prednisone 5
mg

Tacrolimus 7 mg, mycophenolic acid
2000 mg, prednisone 20 mg

Tacrolimus 3 mg, mycophenolic acid 2000
mg, prednisone 5 mg

Blood concentration of
7 ng/mL
tacrolimus (before COVID-19)

7.5 ng/mL

5.2 ng/mL

Allograft function (before
COVID-19)

Normal

Normal

Increased GGT and ALP

Comorbidities

Hypothyroidism

Diabetes, hypertension, stroke

Hypertension

PaO2: FiO2 ratio (while IMV)

237 (76-376)

367 (337-385)

256 (133-329)

White-cell count (× 103/UL)

4.50 (2.38-9.87)

6.61 (1.8-17.4)

15.71 (7.02-36.14)

Lymphocyte count (× 103
/UL)

0.30 (0-0.65)

0.325 (0.2-1.02)

1 (0.54-2.01)

Platelet count (× 103/UL)

9.5 (3-38)

113.5 (37-372)

290 (158-406)

Hemoglobin (g/DL)

8.7 (6.5-9.4)

9.2 (7-11.8)

10.4 (7.6-12.9)

Il-6 (pg/mL)

599 (400-799)

558 (192-1000)

54 (50-286)

C-reactive protein (mg/DL)

10.3 (8.2-18.3)

4 (0.4-13.3)

1.8 (0.7-4.6)

Procalcitonin (ng/mL)

2.2 (1.1-7.8)

0.25 (0.12-0.43)

0.28 (0.17-0.75)

Ferritin (ng/mL)

5338 (814-9862)

1262 (392-2095)

2047 (1360-2297)

Lactate dehydrogenase (U/L)

452 (209-649)

265 (161-378)

399 (165-646)

Aspartate aminotransferase
(U/L)

126 (29-466)

14 (9-36)

30 (16-44)

Alanine aminotransferase
(U/L)

89 (29-197)

21 (8-31)

24 (5-98)

Total bilirubin (mg/DL)

1.2 (0.3-2.65)

0.56 (0.39-1.23)

1.82 (0.21-4)

Creatine kinase (U/L)

14 (10-18)

13 (7-75)

29 (29-36)

Creatinine (mg/DL)

0.69 (0.45-1.07)

1.22 (1.04-1.93)

0.89 (0.54-2.65)

D-dimer (ng/mL)

1073 (565-1825)

1347 (620 - 3431)

283 (153-648)

Sodium (meq/L)

137 (128-141)

139 (136 - 163)

141 (135-145)

Potassium (meq/L)

4.6 (2.9-5.8)

4 (3.3-4.9)

4 (3.2-5.2)

Chloride (meq/L)

102 (97-105)

103 (100-111)

107 (99-112)

RT-PCR of SARS-CoV-2

Negative on day 3; positive on day
6

Negative on day 8; positive on days 13,
36, 42, 47, 54, 65 and 79

Negative on days 14, 72 and 75; positive
on days 26, 42 and 55

Radiologic findings

Bilateral pneumonia, pleural
effusion

Bilateral pneumonia, peripheral groundglass opacity, pleural effusion

Bilateral pneumonia, peripheral groundglass opacity

Treatment

HCQ (200 mg daily), azithromycin
(250 mg daily), LPV/r (one dose
400/100 mg), vancomycin (1 g
daily)

HCQ (200 mg daily), azithromycin (250
mg daily), tocilizumab (one dose 8
mg/kg), methylprednisolone (180 mg
three doses)

HCQ (200 mg daily), azithromycin (250
mg daily), tocilizumab (one dose 8
mg/kg), methylprednisolone (60 mg
daily), vv-ECMO

Immunosuppressant dose
reduction

Yes (low dose of tacrolimus)

Yes (mycophenolic acid suspended and
low dose of tacrolimus)

Yes (mycophenolic acid suspended)

Rejection during or after
COVID-19

No

No

Yes

Complications

Secondary Enterococcus faecalis

Asymptomatic intra-abdominal

Tracheoesophageal fistula

1

Laboratory test :
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(BAL culture) lung infection

collection

1

Expressed as the median and range, of the analytical values since the RT-PCR of SARS-CoV-2 was positive until present. ALP: Alkaline phosphatase; BAL:
Bronchoalveolar lavage; GGT: Gamma-glutamyltransferase; HCQ: Hydroxychloroquine; ICU: Intensive care unit; IMV: Invasive mechanical ventilation;
LPV/r: Lopinavir/ritonavir; NASH: Non-alcoholic steatohepatitis; NE: Norepinephrine; RT-PCR: Reverse transcription polymerase chain reaction; vvECMO: Venovenous extracorporeal membrane oxygenation.

positive RT-PCR result in case 1, the wife of case 2 also tested positive after reporting a
fever and neck pain. Without delay, we conducted an exhaustive investigation on all
the members of the unit (25 nurses and assistants, two cleaning staff, one warden, and
nine physicians), with one nursing assistant testing positive for SARS-CoV-2 (hospital
admission for ten days for pneumonia, without the need for intensive care unit), two
nurses testing positive (one with a mild symptoms and negative RT-PCR at one
month, and the other asymptomatic and negative at 13 d), and a hepatologist testing
positive (negative at 15 d, asymptomatic and no admission).

Physical examination
The remaining healthcare personnel who tested negative for SARS-CoV-2 were placed
in preventive home confinement for 14 d, with negative RT-PCR determinations of
SARS-CoV-2 thereafter. In addition, the hospital ward was closed for complete
disinfection.

Further diagnostic work-up
Figure 2 shows the epidemiological timeline of the three positive liver transplant
recipients as well as the four contacts in the ward (one doctor, one assistant, and two
nurses) who tested positive for SARS-CoV-2.

FINAL DIAGNOSIS
The final diagnosis of the presented cases is severe COVID-19 after liver
transplantation.

TREATMENT
Case 1 was treated with Hydroxychloroquine (HCQ, 200 mg daily), azithromycin (250
mg daily), lopinavir/ritonavir (one dose 400/100 mg) and vancomycin (1 g daily). The
patient in case 2, underwent a treatment that included HCQ (200 mg daily),
azithromycin (250 mg daily), tocilizumab (one dose 8 mg/kg) and methylprednisolone
(180 mg three doses). In the case of patient 3, however, the outcome was more severe
and required the use of a vv-ECMO in addition to HCQ (200 mg daily), azithromycin
(250 mg daily), tocilizumab (one dose 8 mg/kg) and methylprednisolone (60 mg daily)
(Table 1 and Figure 1).

OUTCOME AND FOLLOW-UP
All three patients required intensive care unit admission and invasive mechanical
ventilation (Figure 1). Two of them (cases 1 and 3) progressed severely until death. The
other one (case 2), who received tocilizumab, had a good recovery. In the outbreak, the
wife of one of the patients and four healthcare professionals involved in their care
were also infected (Figure 2).

DISCUSSION
The most appropriate management for transplant recipients who develop COVID-19
and the impact of the infection on this population are not well known. In a previous
publication on a population of 111 liver transplant patients with more than ten years of
evolution and residents in lombardy (the epicentre of the pandemic in Italy), three
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Figure 1 Clinical evolution of each case in a chronological perspective. A: (Case 1) Although the first reverse transcription polymerase chain reaction
of severe acute respiratory syndrome coronavirus 2 was negative for the first few days, dyspnea became worse requiring intensive care unit admission. A single dose
of lopinavir/ritonavir was administered on day 7; B: (Case 2) A dose of tocilizumab was administered on day 33. The patient improved progressively until he was
discharged home; and C: (Case 3) A dose of tocilizumab was administered on day 28. The patient suffered a progressive worsening. A tracheoesophageal fistula was
detected and an oesophageal prosthesis was placed. In addition, a venovenous extracorporeal membrane oxygenation was implemented to improve the patient's
oxygenation. BAL: Bronchoalveolar lavage; ICU: Intensive care unit; IMV: Invasive mechanical ventilation; LPV/r: Lopinavir/ritonavir; NIV: Non-invasive ventilation;
RT-PCR: Reverse transcription polymerase chain reaction; vv-ECMO: Venovenous extracorporeal membrane oxygenation.
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deaths were reported due to COVID-19[7]. The three liver transplant patients were all
male and over 65 years old, with a body mass index greater than 28 kg/m2 and with
cardiovascular risk factors. The occurrence of co-morbidities such as older age, obesity,
diabetes mellitus, use of anti-hypertensive drugs, and other cardiovascular risk factors
have been associated with more severe clinical manifestations in the general
population[8]. There is no consensus regarding the optimal management of
immunosuppressive treatment, and most groups suggest not to modify the
immunosuppression strategies in asymptomatic or mild infections, but the experience
reported in the literature in severe and critical conditions is variable, and some authors
with whom we agree defend the decrease of immunosuppression[9].
In the physiopathology of SARS-CoV-2, the liver appears to be a susceptible organ[10]
and liver damage occurs according to three mechanisms: (1) Direct cytotoxicity of the
virus itself; (2) Indirect damage from autoimmune aetiology; and (3) Hepatotoxicity of
drugs used in the management of the infection (remdesivir, tocilizumab, chloroquine
and its derivatives, and azithromycin, among others)[11]. Typical clinical manifestations
of SARS-CoV-2 infection include fever, cough, and respiratory distress. The presence
of gastrointestinal symptoms at the onset of the picture has been previously
reported[12-15] and, along with the fever, were the initial manifestations in cases 1 and 3
of our series. In this initial phase, the RT-PCR determinations of SARS-CoV-2 were
negative in both cases, and the patients presented gastrointestinal and non-respiratory
symptoms. This pattern of symptoms was similar to that reported in a renal transplant
patient with COVID-19[16,17].
The clinical situation worsened rapidly in case 1, evolving rapidly towards a fatal
outcome. In this patient, elevated levels of C-reactive protein and procalcitonin were
detected, as well as severe lymphopenia[18]. In addition, the presence of Enterococcus
faecium and Enterococcus faecalis was found in the culture of the bronchoalveolar flush,
which, in the context of SARS-CoV-2 pneumonia (Figure 1A), undoubtedly triggered
the clinical course toward shock and the death of the patient. Although some authors
support the hypothesis that SARS-CoV-2 may cause true sepsis of viral origin by direct
attack of the virus[19], this theory is not proven in practice, and we believe that that this
theory does not explain by itself the fulminant evolution of this patient. Nevertheless,
the clinical evolution was favourable in case 2, in which the patient was treated with
hydroxychloroquine and tocilizumab. In case 1, we opted for the use of a
lopinavir/ritonavir combination, although we do not know if this was correct, but the
dose of tacrolimus was closely monitored due to the interaction of these drugs through
the inhibition of cytochrome P450 family 3 subfamily A[20,21]. Several studies have
shown that patients infected with SARS-CoV-2 can develop a hyperinflammatory state
which leads to an acute respiratory distress syndrome [acute respiratory distress
syndrome (ARDS)[22]]. During ARDS pathogenesis, a "cytokine storm" including IL-6,
tumor necrosis factor alpha, and IL-12 is released[23]. These data suggest, that a
blockage of pro-inflammatory pathways could be a therapeutic alternative in the
management of patients with severe COVID-19. Tocilizumab is a monoclonal antibody
that specifically binds to the IL-6 receptor and inhibits signal transduction mediated by
the binding of this receptor to its ligand. In two of our patients, tocilizumab was
administered early, even before the need for invasive mechanical ventilation,
achieving favorable outcomes. In contrast, in case 1, where tocilizumab was not
administered, a situation of shock and multiorgan failure was triggered, resulting in
the death of the patient. These findings would be in consonance with what was
previously published regarding ARDS and suggest that tocilizumab could be an
effective treatment for severe patients with COVID-19.
The liver transplant population has several specific peculiarities. It has been
described that, after infection, more than 50% of patients with a liver transplant
develop severe forms of the disease[8]. In addition, the time for virus detection tests
among these patients to become negative (clearance) is longer than that among the
general population, and positive RT-PCRs of SARS-CoV-2 have been described in
transplant patients beyond 53 d from the first positive test[24], which carries a
potentially higher risk of contagion and the need for a longer period of isolation[25].
The vast majority of measures to prevent infection in the population are focused on
non-hospital settings (such as confinement and telemedicine). In hospitals, these
measures are preferably designed to prevent the transmission of COVID-19 from
patients to healthcare personnel, where the use of personal protective equipment is
mandatory. Furthermore, in the case of patients with liver disease, additional
measures must be taken. Xiao et al[26] suggest, for example, that the communication
between patients and medical staff should be done online and each patient taken care
of by one attending doctor and one nurse exclusively.
Preventive measures should begin as soon as the recipient is admitted, including the
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Figure 2 Epidemiological evolution of severe acute respiratory syndrome coronavirus 2 outbreak in our transplant division, according to
the presence or absence of symptoms, the positivity of the reverse transcription polymerase chain reaction, and the patients’ locations
each day from symptoms onset. In orange, when suggestive symptomatology of novel coronavirus 2019 was present. In green, when the reverse transcription
polymerase chain reaction of severe acute respiratory syndrome coronavirus 2 was positive. In red, when reverse transcription polymerase chain reaction was
performed but was negative. W: Admitted to the ward; I: Admitted to the intensive care unit.

existence of a specific safety circuit until the result of the RT-PCR is known. For
example, two of our patients who were candidates for transplant in the last week have
tested positive on the day of the transplant but had no symptoms, and the donor grafts
were therefore transplanted to other recipients. In addition to community transmission
(case 1), nosocomial transmission of the virus must also be considered (cases 2 and 3).
Once a case of nosocomial transmission is discovered, special measures should be
applied not only to ward staff but also to all ward patients and facilities. In our
experience after case 2, the entire ward was evacuated, and a procedure of disinfection
and a quarantine of the premises and of all healthcare staff who had worked on the
ward were undertaken.
Another problem in relation to the in-hospital management of SARS-CoV-2–infected
transplant patients resides in the discordance between the positivity of RT-PCR and
the symptoms suggestive of COVID-19, indicating a high-risk window of infection[27].
As other published works have examined[28], in the outbreak that took place in our
unit, there was a period in which healthcare professionals and companions who were
asymptomatic carriers of SARS-CoV-2 concurred in space and time with other patients
and healthcare professionals who did not have the virus. These circumstances favored
the propagation of the virus until the first positive case was detected and the necessary
measures were taken.
A final, equally important aspect is the real impact of the COVID-19 pandemic on
organ donation, transplant policies, and waiting list mortality, which altogether
constitute the so-called “indirect mortality” from SARS-CoV-2. Most countries have
implemented emergency policies to prevent contagion, ranging from issuing
systematic screening tests for SARS-CoV-2 in all donors and recipients, limiting
donation to far from the hospital where the graft will be implanted, restricting liver
transplant activity only in acute liver failure or critical patients[29,30], and implementing
telemedicine in outpatient follow-up. In these circumstances, increases in both
mortality among those on the waiting list and in the number of drop-outs due to
clinical worsening or tumour progression (indirect deaths from COVID-19) are to be
expected. In fact, in Spain, organ donation and transplantation have decreased
dramatically. Before the declaration of the state of alarm on March 13, 2020, there were
7.2 donors and 16 transplants per day on average, but since that date, the rates have
fallen to an average of 1.2 donors and 2.1 transplants per day[5].

CONCLUSION
Therefore, there are several lessons learned from our experience. Firstly, early
administration of anti-IL-6 monoclonal antibodies could be beneficial in slowing down
the cytokine storm in critically ill patients with COVID-19. Secondly, the disease
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prodrome in two patients were the gastrointestinal and not the respiratory symptoms.
Finally, COVID-19 is highly contagious, so drastic preventive measures and
exhaustive epidemiological investigations must be conducted in the case of clinical
suspected disease in the ward, even if the RT-PCR of SARS-CoV-2 has been tested
negative.
Many uncertainties persist in relation to the diagnosis, treatment, and management
of COVID-19 in liver transplant patients. It is certain that we will learn more about the
disease and be able to treat it more effectively in the coming months. In the meantime,
we are walking blind, and we must rely on our scarce previous experience, on our
intuition, and on the oldest methodology in medicine: Trial and error.
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Abstract
Platelet-albumin-bilirubin (PALBI) score was proposed by Roayaie et al with
modification of previously studied albumin-bilirubin score to include platelet as
an indicator of portal hypertension in 2015. Predictive value of this score was
recently tested by Elshaarawy et al for re-bleeding in patients presenting with
acute variceal hemorrhage. We did a similar study at our center (n = 170) to look
at incidence of re-bleeding after band ligation defined as drop in 2 units of
hemoglobin and witnessed melena or hematemesis within 2 wk of the procedure.
We calculated PALBI scores for all patients based on lab values prior to the
procedure. Of 25.3% had re-bleeding episodes, area under receiver operating
characteristic curve for PALBI as predictor of re-bleeding was 0.601 (95%
confidence interval: 0.502-0.699). PALBI score showed moderate accuracy at
predicting re-bleeding in our population.
Key Words: Cirrhosis; Band ligation; Portal hypertension; Ascites; Platelet-albuminbilirubin; Model of end stage liver disease
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Core Tip: Platelet-albumin-bilirubin score showed moderate accuracy in predicting rebleeding after band ligation in patients presenting with acute variceal hemorrhage.
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TO THE EDITOR
We read with great interest article by Elshaarawy et al[1] regarding the role of plateletalbumin-bilirubin (PALBI) score in predicting re-bleeding and in-patient mortality for
patients presenting with acute variceal hemorrhage[1]. The authors found that area
under receiver operating characteristic (AUROC) for PALBI with outcome of rebleeding was 0.794. This was higher than Child-Turcot-Pugh (CTP), Model of End
Stage Liver Disease and Albumin-Bilirubin (ALBI) scores, which were 0.681, 0.74 and
0.766, respectively. PALBI score was proposed by Roayaie et al[2] with modification of
previously proposed ALBI score to include platelet as an indicator of portal
hypertension in 2015 [2]. It has been studied as a predictor of liver transplant
outcomes[3], rate of decompensation in compensated cirrhosis[4], outcomes of
locoregional treatment for liver cancer[5] and now for re-bleeding after acute variceal
hemorrhage.
We did a similar study at our center and calculated the PALBI score to validate this
data. Our study comprised of 170 patients with a diagnosis of cirrhosis who presented
with acute variceal hemorrhage and underwent esophageal variceal band ligation
from 2017 to 2018. Of our patients, 18.8% were CTP-A, 48.2% CTP-B and 32.9% CTP-C.
In comparison, Elshaarawy et al[1] had 4.5% CTP-A, 29.2% CTP-B and 66.8% CTP-C
patients. Our outcome of interest was re-bleeding with the definition proposed by
Baveno VI: Drop in two units of hemoglobin along with hematemesis or melena
observed clinically within 2 wk of the procedure. 25.3% had re-bleeding in our
population based on this definition. 12.1%, 22.6% and 64.3% of our patients qualified
for PALBI category 1 (score ≤ -2.53), 2 (score > -2.53 and ≤ -2.09) and 3 (score >-2.09)
respectively.
AUROC for PALBI score in predicting re-bleeding was calculated to be 0.601 (95%
confidence interval: 0.502-0.699) and the curve is shown in Figure 1. This indicates
moderate quality at best of the PALBI score in predicting re-bleeding after band
ligation. This is lower than the reported AUROC by Elshaarawy et al[1] by 24.3%. 4.5%
of re-bleeders in our cohort belonged to PALBI category 1, 28.9% to PALBI category 2
and 28.7% to PALBI category 3. Rates of re-bleeding in each category are shown in
Figure 2.
We found PALBI score to be relatively less accurate than reported by Elshaarawy et
al[1] in predicting re-bleeding after band ligation. This discrepancy can be due to
differences in the size and characteristics of patient population and definition of the
outcome. We only included patients who underwent band ligation for acute variceal
hemorrhage from esophageal varices. In contrast, only 51.7% of Elshaarawy et al[1]
underwent band ligation alone as treatment for variceal hemorrhage. Their outcome of
interest was re-bleeding within 5 d, but we evaluated for re-bleeding within 2 wk
following the procedure. Both studies were limited by retrospective design, small
number of patients and data from a single institution.
In conclusion, PALBI score is a promising tool for predicting re-bleeding after initial
presentation with acute variceal hemorrhage. More data is needed to validate its use in
clinical settings post band ligation procedure.
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Figure 1 Receiver operating characteristic curve for platelet-albumin-bilirubin score and occurrence of re-bleeding. ROC: Receiver operating
characteristic.

Figure 2 Comparison of different platelet-albumin-bilirubin categories with regards to number of patients who had re-bleeding. PALBI:
platelet-albumin-bilirubin.
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Abstract
Malnutrition is highly prevalent in liver cirrhosis and its presence carries
important prognostic implications. The clinical conditions and pathophysiological
mechanisms that cause malnutrition in cirrhosis are multiple and interrelated.
Anorexia and liver decompensation symptoms lead to poor dietary intake;
metabolic changes characterised by elevated energy expenditure, reduced
glycogen storage, an accelerated starvation response and protein catabolism result
in muscle and fat wasting; and, malabsorption renders the cirrhotic patient unable
to fully absorb or utilise food that has been consumed. Malnutrition is therefore a
considerable challenge to manage effectively, particularly as liver disease
progresses. A high energy, high protein diet is recognised as standard of care, yet
patients struggle to follow this recommendation and there is limited evidence to
guide malnutrition interventions in cirrhosis and liver transplantation. In this
review, we seek to detail the factors which contribute to poor nutritional status in
liver disease, and highlight complexities far greater than “poor appetite” or
“reduced oral intake” leading to malnutrition. We also discuss management
strategies to optimise nutritional status in this patient group, which target the
inter-related mechanisms unique to advanced liver disease. Finally, future
research requirements are suggested, to develop effective treatments for one of
the most common and debilitating complications afflicting cirrhotic patients.
Key Words: Malnutrition; Cirrhosis; Liver transplantation; Chronic liver disease; Nutrition;
Sarcopenia
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challenges cirrhotic patients face in achieving nutritional targets. Although potentially
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pertaining to nutritional interventions is surprisingly weak. Further research is required
to bridge the gap between actual and ideal nutritional status in cirrhosis. If this goal can
be realised, the potential impact on patient and clinical outcomes is immense.
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INTRODUCTION
Malnutrition is common in chronic liver disease and increases as the severity of liver
disease progresses. It affects up to 80% of patients with decompensated cirrhosis[1-3],
and is more widespread than the traditionally recognised sequalae of advanced liver
disease, namely hepatic encephalopathy (40%)[4], bleeding oesophageal varices (5%15%)[5,6], refractory ascites (5%-10%)[7], spontaneous bacterial peritonitis (1.5%-3%)[8]
and hepatocellular carcinoma (3%-5%)[9,10]. Compromised nutritional status occurs
regardless of the cause of liver disease[11], though is reported most commonly in those
with alcoholic cirrhosis and cholestatic liver disease[12,13].
The impact of malnutrition on patient outcomes is increasingly recognized.
Malnutrition increases the incidence and severity of decompensation symptoms,
contributes to compromised immune function, reduces muscle mass, decreases
functional status and quality of life, delays wound healing and is associated with
increased mortality[14-16]. Malnutrition is particularly associated with the development
and severity of hepatic encephalopathy[17]. Malnourished patients also require
prolonged mechanical ventilation and have longer length of stay in both the intensive
care unit and hospital following liver transplant[18,19]; all of which translate to
significantly increased healthcare costs. Optimising nutritional status in this patient
population is therefore of critical importance.
Despite the known deleterious effects of malnutrition, successful strategies to
counter its impact in cirrhosis are lacking. In theory, malnutrition is a modifiable
element to target to improve the course of liver disease and patient outcomes, though
is rarely achieved in practice. So why can’t patients identified with malnutrition
simply eat more to improve their nutritional state? And why has food failed to provide
the therapy desperately needed to treat malnutrition in cirrhosis? In this review, we
aim to describe the factors contributing to liver-related malnutrition to highlight the
challenges cirrhotic patients face in attaining nutritional targets. We also emphasize
areas where data to support clinical recommendations are limited, with the goal of
encouraging further research in the area.

MALNUTRITION IN CIRRHOSIS-ETIOLOGY
The development of malnutrition in cirrhosis is multifactorial, and primarily stems
from inadequate dietary intake, altered metabolism and malabsorption (Figure 1).
Patients may be afflicted with any or all of these etiological factors, which present
unique barriers to effective nutritional support and management.

Inadequate dietary intake
Reduced dietary intake plays a central role in the pathogenesis of malnutrition in
cirrhosis. Whilst poor appetite may simply be ascribed to generalized ill-health; factors
specific to liver disease play a significant role. Inflammation, early satiety from ascites,
hepatic encephalopathy, adverse gastrointestinal symptoms, taste changes and
unpalatable dietary restrictions all influence food consumption and their contribution
to a negative energy balance needs to be appreciated to identify appropriate
interventions to improve dietary intake.
Inflammation: Cirrhosis is a pro-inflammatory state primarily triggered by bacterial
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Figure 1 Multifactorial aetiology of malnutrition in cirrhosis. Direct contributing factors represented by solid black arrows, inter-related factors
represented by dashed black arrows.

translocation from the gut to the circulation due to portal hypertension and increased
intestinal permeability[20]. Systematic inflammation induces a range of brain-mediated
responses including fever, anorexia and taste changes, with particular aversion to
sweet flavours[21]. An increased production of cytokines ensues, which have
demonstrated anorexigenic effects[20] and elevate energy expenditure[22].
Pro-inflammatory cytokines such as interleukin-1b, and stimulants that release
cytokines (lipopolysaccharides), have been shown to reduce both the quantity and
frequency of spontaneous food intake in humans and animals[23]. The precise
mechanism by which pro-inflammatory factors act on the neural system to inhibit
appetite is highly complex, involving different cell groups and neurotransmitters[24].
The function of inflammation-associated anorexia is to help sustain bodily functions in
the face of infection and injury, and is observed during both acute and chronic
inflammatory disease. Ultimately, energy is redistributed away from activities that are
considered superfluous (i.e. food seeking and digestion), towards that required for
mounting the immune response[24].
Ascites: Ascites is a common symptom of hepatic decompensation that directly
impacts oral intake by limiting physical capacity of the stomach, and indirectly by
contributing to post-prandial discomfort. Patients with refractory ascites have a high
prevalence of malnutrition and characteristically demonstrate the lowest calorie intake
of all patients with liver disease[25]. In addition to the effect of ascites on gastric reserve,
depressed appetite and early satiety; repeated paracentesis causes significant nutrient
losses. Not only does the body expend considerable energy to heat a large body of
ascitic fluid, but ascitic fluid has considerable calorie content (in the form of proteins,
carbohydrates and fats), and removal of this via large-volume paracentesis results in
calorie debt[26]. Failure to replace this energy loss exacerbates the catabolic state already
seen in advanced cirrhosis. Infusion of serum albumin after paracentesis is necessary
to promote plasma volume expansion and prevent hyponatremia[1], though albumin
replacement after ascitic drainage has no effect on nutritional status or repletion of
protein stores[27].
Following paracentesis, patients generally report improvement in early satiety and
an ability to consume larger meals and more calories[28,29]; changes which obviously
correspond to increased gastric reserve. However, an increased calorie intake may be
short-lived in refractory ascites as fluid reaccumulates, and translation to improved
patient outcomes are not always realised[30,31]. Nutrition intervention trials in patients
with refractory ascites that have successfully demonstrated enhancements in
nutritional and clinical parameters have shared features of long duration of
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intervention, intensive dietetic input, and the requirement of artificial nutrition
support (enteral nutrition, parenteral nutrition) to meet nutritional requirements[26,32].
Gastroparesis and autonomic dysfunction: Abdominal pain, nausea and bloating
symptoms are not exclusive to those with ascites and are a frequent complaint in many
cirrhotic patients[33,34]. Symptoms can sometimes be explained by the presence of
organic disorders, however in many cirrhotic patients, no clear cause is apparent[35].
Distorted metabolic, hormonal and neural function may account for this global gut
dysfunction in the absence of a specific diagnosis. Insulin resistance and subsequent
elevated postprandial glucose have been shown to delay gastric emptying and lower
spontaneous dietary intake in cirrhotic patients compared to healthy controls[36-38]. In
addition to a high prevalence of gastroparesis in cirrhosis, small bowel motility may
also be abnormal, and has been shown to be worse in those with portal hypertension
manifesting in symptoms of diarrhoea and abdominal pain[39,40].
Autonomic dysfunction is also implicated in gastrointestinal symptom
development, in a similar fashion to long-term autonomic and peripheral neuropathies
observed in diabetes mellitus. Autonomic neuropathy encompassing both sympathetic
upregulation and parasympathetic downregulation has been reported in 30%-70% of
patients with cirrhosis, leading to “an effective vagotomy” and possibly accounting for
gastric and intestinal dysmotility in these patients[35,41-43].
Despite the known association of gastrointestinal dysfunction with cirrhosis, the
role of adverse gastrointestinal symptoms in directly limiting energy intake and thus
contributing to weight loss and malnutrition has not been explored extensively. In a
single study comparing the oral intake of 40 cirrhotic patients to controls, patients with
significant gastrointestinal symptoms reached satiation earlier compared to patients
without symptoms and healthy controls, resulting in significantly lower energy
intake[44]. Another study by the same researchers demonstrated that severity of
gastrointestinal symptoms were associated with recent weight loss and impaired
health-related quality of life, which correlated with severity of liver disease[45].
Hunger hormones: Disrupted glucose and insulin metabolism also contribute to
abnormal hormone levels that help control appetite and food intake. Leptin and
ghrelin influence energy intake and expenditure[46], with the normal role of leptin
involved in suppression of energy intake and accelerating energy expenditure; whilst
ghrelin (the “hunger hormone”) increases before a meal to stimulate appetite and
dietary intake.
In cirrhosis, levels of leptin and ghrelin are abnormal. Leptin is significantly
elevated[36,47-49], translating to reduced food intake and increased resting energy
expenditure. Although baseline ghrelin has not shown to be significantly different
between cirrhotic subjects and controls[36,50], cirrhotic patients have an irregular pattern
of ghrelin secretion compared to healthy controls[36]. In liver disease, ghrelin levels fail
to rise pre-prandially, so the expected effect of ghrelin on increasing appetite and meal
initiation is lost. This blunted ghrelin level is likely related to a combination of insulin
resistance, elevated postprandial glucose, and overexpression of serum leptin[36,51,52].
Hepatic encephalopathy: Hepatic encephalopathy and sarcopenia are closely related
to malnutrition, sharing common etiological factors and pathophysiological pathways
all intrinsically linked to muscle health in liver disease. Skeletal muscle tissue plays a
central role in removing ammonia from the circulation when its clearance by the liver
is impaired. Thus in situations of muscle wasting, commonly precipitated by
inadequate dietary intake and hyperammonemia itself in cirrhosis, the
neuropsychiatric symptoms of encephalopathy are worsened[17,53].
The spectrum of neurocognitive impairment in cirrhosis ranges from minimal to
overt hepatic encephalopathy, which manifest in variable degrees of impaired
cognition, alertness and attentiveness[17]. This altered cognitive state, coupled with
periods of increased (daytime) somnolence, limit the opportunity for cirrhotic patients
with even low-grade encephalopathy to achieve an adequate dietary intake[54].
Forgetfulness, sleeping through meal and snack periods, and difficulty with meal
preparation are significant barriers encountered in clinical nutrition practice with this
patient group. Compliance with dietary therapies is also problematic[53] and patient
management requires a multidisciplinary approach with reliance on patient supports
and caregivers. The cycle of poor nutritional intake, leading to muscle loss and
sarcopenia that worsens encephalopathy, which in turn exacerbates reduced dietary
intake and malnutrition, is difficult to break.
Inappropriate dietary recommendations due to incorrect beliefs that protein
restriction is necessary to improve encephalopathy have the potential to worsen
malnutrition in this high-risk population. This strategy has no scientific merit though
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remains broadly practiced[55]. In a randomized trial by Córdoba et al[56], patients
hospitalised with encephalopathy demonstrated no benefit of protein restriction in
resolution of encephalopathy when compared to normal protein diet[56]. The study also
showed even short-term protein restriction to 0.5 g/kg/d resulted in elevated muscle
tissue breakdown. Recommendations have since evolved to promote a higher protein
intake of 1.2-1.5 g/kg/d to prevent muscle wasting and reverse muscle loss in those
who are sarcopenic[57].
Unpalatable diets: The recommendation to implement a sodium restriction is often the
first dietary advice provided to patients with liver disease, due to the effect of sodium
on fluid retention and subsequent development of peripheral oedema and ascites.
International consensus guidelines recommend a dietary sodium restriction of < 2000
mg/d for management of ascites[27]. Unfortunately, limiting dietary sodium can
negatively impact nutritional status. Many low-sodium foods are unpalatable, and
advice to “remove all salt and processed foods” from the diet, without providing
appropriate dietary education regarding nutritional adequacy has the potential to
worsen malnutrition due to additional dietary constraints.
Sodium restriction alone will only eliminate ascites in approximately 10%-15% of
patients[58], and some authors have shown no benefit to a sodium restricted diet when
compared to an unrestricted diet in reducing ascites when diuretics were also
administered[59]. A recent systematic review concluded increased calorie intake in
conjunction with a low-sodium diet resulted in significantly improved outcomes[31].
Thus, advice to follow a low-salt diet should be provided by a dietitian experienced in
the management of liver disease, to ensure overly restrictive diets are avoided.
Taste changes: Taste changes are another common complaint in cirrhosis, and
generally manifest as a reduction in taste acuity for detection and recognition of some
or all of the basic tastes of bitter, salt, sweet, and sour[60-64]. Reduced calorie intake has
been demonstrated in patients suffering dysgeusia both with and without liver
disease[60]. In addition to exacerbation of protein energy malnutrition in cirrhosis,
impaired gustatory function has shown to adversely affect general wellbeing and
quality of life by reducing pleasure associated with food intake[65].
Zinc and vitamin A are important nutrients involved in maintaining taste integrity,
and are commonly deficient in cirrhosis[65]. Zinc is involved in the synthesis and
activity of the salivary protein gustin, which plays a role at taste bud receptor sites[66]
as well as being critical to a number of enzymatic processes and formation of
structural proteins related to taste[67]. Vitamin A is required for the production of
mucopolysaccharides in the epithelial cells of taste buds[65]. The literature regarding the
association between zinc and vitamin A status with taste acuity in liver disease is
variable though. Several authors failed to show any association between low serum
zinc[61,62,65] or vitamin A[65] concentration and taste acuity. In contrast, two intervention
trials observing the effect of long term zinc supplementation in cirrhosis demonstrated
improved taste perception after supplementation, with a subsequent increase in serum
zinc concentration[68,69]; whilst another group studying deficient patients supplemented
with vitamin A resulted in both enhanced taste function and repletion of serum
vitamin A levels[64].

Altered metabolism in cirrhosis
Increased energy expenditure, reduced synthesis of endogenous substrates, insulin
resistance and low respiratory quotient characterize the metabolic disturbances
common in patients with chronic liver disease.
Increased energy expenditure: Hypermetabolism, defined as measured resting energy
expenditure (REE) > 20% above predicted REE, is often encountered in cirrhosis.
Hypermetabolic patients are more often malnourished, have reduced lean body mass,
and have reduced survival after liver transplant compared to those with normal
metabolic rate[70,71]. Hypermetabolism in cirrhosis makes nutritional targets even more
unattainable for this patient group, causing a negative impact on nutritional status.
The prevalence of hypermetabolism ranges from 15% in a recent study of 268 New
Zealand patients awaiting liver transplant[72], up to 34% in an early German study,
which remains the largest to date with 473 cirrhotic patients considered for
transplant[73].
Comorbidities typically associated with cirrhosis give rise to a theoretical
explanation for elevated total energy expenditure in liver disease. These include
hyperdynamic circulation (related to increased sympathetic nervous system activity),
inflammation, frequent infections and ascites[74]. Pro-inflammatory cytokines induce
lipolysis and protein breakdown to mobilize fatty acids and release amino acids,
WJH

https://www.wjgnet.com

887

November 27, 2020

Volume 12

Issue 11

Chapman B et al. Malnutrition in cirrhosis

respectively, which are used in production of glucose by gluconeogenic organs (liver,
kidney and intestine). The conversion of fat and protein to provide an available energy
source in the form of glucose is an inefficient process and known to be expensive in
terms of energy utilisation[57]. Compromised gut barrier function also promotes
inflammation and development of cirrhotic complications, in particular bacterial
infections, with sepsis a known contributor to increased energy expenditure[39].
Extracellular fluid (including ascites), is generally considered metabolically inactive as
it does not consume oxygen or produce carbon dioxide. However in liver cirrhosis,
some researchers have demonstrated a small but significant increase in metabolic rate
prior to removal of ascitic fluid, compared with post-paracentesis energy requirement,
potentially attributable to hemodynamic changes and the energy required to heat
ascites[75].
The precise reason for hypermetabolism in cirrhosis is uncertain though, with
conflicting etiology proposed by researchers. The New Zealand group found no
relationship between hypermetabolism and patient gender, disease origin, protein
depletion, ascites or severity of liver disease[72]. Conversely, other authors purport an
inverse association between the severity of liver disease and resting energy
expenditure[76], and presence of ascites with metabolic rate[75]. Given the inconsistency
in clinical factors correlating with hypermetabolism in cirrhosis, simple identification
of such patients is not feasible, and estimation of nutritional requirements via
traditional methods (predictive equations) is known to be inaccurate in advanced
cirrhosis[77,78]. Current international guidelines recommend measurement of resting
metabolic rate via indirect calorimetry wherever possible[57,79].
Altered macronutrient metabolism: Cirrhosis also affects macronutrient metabolism
and is a key factor in contributing to malnutrition in liver disease. The liver’s ability to
store glycogen is markedly reduced. Hypoglycaemia occurs readily in the fasted state,
and compromised glucose utilization due to insulin resistance is common. Impaired
glycogen storage leads to early onset of gluconeogenesis; increasing the use of muscle
glycogen, amino acid deamination, free fatty acid oxidation, and hepatic production of
ketone bodies as an energy source[28,73,80,81].
This accelerated starvation response has been quantified by several authors. An
early study by Schneeweiss et al[76] demonstrated the percentage of total calories
derived from fat (86%), carbohydrate (2%) and protein (12%) were significantly
different after an overnight 10-hour fast compared to healthy controls who
metabolized 45%, 38% and 17% of fat, carbohydrates and protein, respectively[76]. This
reduced storage capacity for glycogen means the fuel sources being used by cirrhotic
patients after a 10-h fast are similar to that used after three days in an individual with
a healthy liver[76,82]. A low respiratory quotient, indicating increased lipid and
decreased glucose oxygenation, confirms this change in macronutrient utilisation[73].
The cascade effect of these metabolic alterations combined with poor dietary intake
leads to loss of lean body mass and subcutaneous fat wasting. Thus, the prevention of
long periods of fasting may reduce the muscle and fat loss commonly seen in cirrhosis.
Intervention trials providing a late evening snack to individuals with liver disease
support this rationale, with improved nitrogen balance and increased muscle mass
demonstrated[82,83].
The metabolic switch of primary fuel source from glucose to amino acids and fatty
acids is a prime characteristic of liver disease, and occurs even in the setting of only
mild to moderate cholestasis. Increased protein requirements ensue, not only due to
this increased rate of amino acid oxidation for gluconeogenesis, but also subsequent to
decreased synthesis of protein, as well as protein losses in ascitic fluid and from the
gastrointestinal tract[80,84,85]. The minimum protein required to maintain nitrogen
homeostasis in healthy individuals is 0.8 g/kg/d[86]. Studies indicate that patients with
cirrhosis only achieve positive nitrogen balance at a level of 1.23 g/kg/d, and are able
to utilise protein up to 1.8 g/kg/d[87]. Normal to high protein intake does not
precipitate hepatic encephalopathy, and thus a protein intake of 1.2-1.5 g/kg/d in
cirrhosis is recommended by expert consensus[57,79] to prevent and/or reverse loss of
muscle mass common in liver disease.
Lipid metabolism in cirrhosis is characterised by rapid oxidation in the fasted state,
peripheral lipolysis and fat malabsorption. During fasting, lipids are oxidised as the
preferred substrate as fat stores are mobilised, so plasma free fatty acids as well as
glycerol and ketone bodies are increased. After a meal, suppression of lipid oxidation
is not uniformly impaired, as would normally be the case with insulin release
following a meal in healthy controls[88]. Lipolysis may be secondary to this insulin
resistance but might also occur in an effort to provide cells with substrates for
oxidation in the setting of dietary fat malabsorption.
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Malabsorption in cirrhosis
Malabsorption is the final key contributor to negative energy balance and malnutrition
in cirrhosis. Reduced bile flow in cholestatic patients decreases intestinal luminal bile
salt availability and micelle formation, with subsequent malabsorption of fat and fatsoluble vitamins[89]. Pancreatic insufficiency may also be present and cause
macronutrient maldigestion. Medications that alter the intestinal microbiota (e.g.,
antibiotics leading to decreased bacterial synthesis of short-chain fatty acids) or
decrease bile acid availability (e.g., cholestyramine for pruritis) will also cause
malabsorption of luminal nutrition, decreasing the amount of calories available for the
body to use.
Malabsorption is further exacerbated by portal hypertensive enteropathy and
subsequent changes in the gut microbiota that impair absorption and utilisation of
nutrients[90,91]. Increased intestinal permeability and dysbiosis are common features
linking the liver to a number of nutritional and gastrointestinal diseases[92]. Mucosal
changes are frequently encountered upon endoscopic examination of the GI tract[93,94],
where the prevalence of portal hypertensive gastropathy has been reported in 20%98% of cirrhotic patients[95]. Major predictors of portal hypertensive gastropathy are the
presence of oesophageal varices and increased severity of cirrhosis[96,97]. Gastroparesis
and delayed gut transit mean that small bowel bacterial overgrowth is also
common[98], and appears to be related to liver disease severity[99]. This further
compounds dysbiosis and associated malabsorption.

NUTRITIONAL INTERVENTIONS IN CIRRHOSIS
Despite the high prevalence of malnutrition in decompensated liver disease and it’s
known deleterious effects, successful strategies to counter malnutrition in cirrhosis are
lacking. In theory, malnutrition is a modifiable syndrome to target that may impact the
course of liver disease and would theoretically be expected to improve patient
outcomes, although evidence to support this remains limited. Indeed, recent
international guidelines counter whether malnutrition can be reversed at all in the face
of deteriorating liver function[57].

Oral supplementation
A small number of studies have demonstrated dietary counselling and oral nutritional
support can improve nutritional intake, nitrogen balance and selected patient
outcomes[80,100-102]. Supplementation with high calorie and protein oral nutrition
supplements in addition to dietary counselling improved anthropometric parameters
and muscle function measured via handgrip strength[101,102], with reduction in
hospitalisations also seen in one study[101]. No significant differences were observed
with regards to liver function, clinical outcome (e.g., decompensation symptoms,
infection rate) or mortality between intervention and control groups in any of the
aforementioned studies. Recent meta-analysis on nutrition therapy in liver cirrhosis
also failed to show any survival benefit with intervention, though studies included
were heterogeneous in terms of severity of liver disease and duration of
intervention[103,104].
A possible reason for the lack of demonstrated benefit observed in the literature
relates to the marked discrepancy in patients nutritional intake vs that recommended
by current international guidelines[57,79], with up to 75% of patients not achieving
calorie targets[105], generally agreed to be around 32-35 kcal/kg/d. Dietary protein
intake in cirrhotic patients is also found lacking. In a Canadian study of 631 patients
awaiting transplantation, only 24% achieved the recommended target of > 1.2 g/kg/d,
with 26% consuming a very low protein intake of < 0.8 g/kg/d, which resulted in a 2fold increase in wait-list mortality[106].
Fortunately, the literature regarding inclusion of a late evening snack in cirrhosis is
more conclusive. Cirrhotic patients who consume a late evening snack are able to
demonstrate changes in substrate utilisation via increased respiratory quotient,
indicating increased use of glucose similar to that of healthy controls, as well as an
improvement in nitrogen balance[87,106]. This improvement in the pattern of fuel
utilisation from inclusion of a late evening snack has also shown to translate to
improved clinical outcomes in longer-term studies. In a comprehensive study by Plank
et al[82], which followed 103 patients for 12-mo and compared outcomes from daytime
vs nighttime consumption of a high calorie dietary supplement (710 kcal), significant
improvements in total body protein accretion equivalent to 2 kg of lean tissue
sustained over 12 mo were demonstrated in the nighttime supplementation group[82].
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Hence shortening periods without food by including a late evening snack is
considered a useful strategy to reverse protein catabolism and sarcopenia of cirrhosis.
In addition to improved body composition, a meta-analysis concluded a late evening
snack in cirrhosis also confers benefits on quality of life and survival, and reduction in
frequency and severity of hepatic encephalopathy[83]. Poor patient compliance is an
obstacle that still plagues implementation of a late evening snack however, with only
half of the patients in the Plank et al[82] study able to consume the supplement at the
prescribed amount and time[82], thus strategies to enhance patient compliance in
clinical practice need to be considered.
Several randomized controlled trials have demonstrated the positive effects of oral
BCAA supplementation in not only improving hepatic encephalopathy, but also
nutritional status, liver function, quality of life and survival in malnourished cirrhotic
patients[107-109]. Each of these trials were conducted in the outpatient setting and
demonstrated good patient compliance with supplementation ranging between 14-30
g BCAA per day. A prolonged intervention period and follow up (> 12 mo) were also
shared features, and likely provided sufficient time for these patients to increase their
muscle mass and improve nutritional status, leading to superior ammonia clearance. A
recent Cochrane review of 16 randomized trials confirmed the beneficial effect of
BCAAs on hepatic encephalopathy symptoms, though found no such gains for
survival, quality of life, or nutritional parameters[110].

Enteral nutrition
Consensus guidelines from international societies recommend enteral nutrition for
such patients who are unable to achieve adequate dietary intake[57], though only a
handful of investigations have actually evaluated enteral nutrition in patients with
liver disease[111]. These studies are afflicted by either small sample size or limited
duration of therapy. The study with the longest treatment duration was published
over 30 years ago and involved a 60 d intervention with NG feeding[112] with
subsequent gain of body weight as muscle, bone and fat stores (which only became
evident after 30 d), though patient outcome data pertaining to liver disease was not
described. The remaining studies all have an intervention period of 4 wk or less; two
of which found those treated with EN had improved survival compared to oral
diet[113,114], while another study of mean 2.8 wk NG feeding found no survival
benefit[115]. However, given the relatively short duration of EN provision in all
published literature, it is difficult to make any inferences about the effect of EN on
short- to medium-term survival. It is currently unknown whether EN given over a
longer period (e.g. > 8 wk) could reduce complications and improve clinical outcomes
including mortality. It is also unknown if enteral nutrition support delivered in the
pre-transplant period can affect post-liver transplant operative outcomes; as the
aforementioned studies all exclude patients awaiting liver transplant.

Parenteral nutrition
The indication for parenteral nutrition (PN) support in cirrhosis is consistent with the
recommendation in non-cirrhotic patients; those who cannot be fed orally or where
enteral nutrition is either contraindicated (e.g. intestinal ileus, obstruction) or not
tolerated, should be considered for parenteral nutrition[79]. ESPEN guidelines
recommend PN be initiated immediately in cirrhotic patients with moderate to severe
malnutrition who cannot receive adequate nutrition via the enteral route, on the basis
of higher rates of complications and reduced survival in malnourished cirrhotic
patients[54]. In situations where fasting is prolonged greater than 72 h, PN is also
endorsed. Strict adherence to aseptic central line management is paramount in these
patients, to minimise risk of infection and sepsis in this high risk group[79] (Table 1).

Need for future studies
Several meta-analyses have found no convincing evidence that either oral feeding, or
enteral or parenteral nutrition improved outcomes in patients with liver
disease[103,104,116]. The most recent[104] included 13 randomized trials including 663
patients, and although fixed-effects analysis demonstrated that nutrition intervention
prevented hepatic encephalopathy (0.73; 95%CI: 0.55-0.96) and infection (0.66; 95%CI:
0.45-0.98) the results were not confirmed in random-effects analysis. Included studies
were particularly heterogeneous with the difference in daily calorie and protein intake
ranging 10-fold between studies, and duration of therapy ranging from 3 to 365 d. An
earlier meta-analysis of six trials and 470 patients in which the primary outcome
measure was survival, found no reduction in mortality [RR: 0.75 (0.42-1.32), P =
0.31][116]. A Cochrane review from 2012 included 37 trials and most analyses failed to
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Table 1 Strategies to treat malnutrition in cirrhosis
Nutritional recommendations
Small, frequent meals and snacks (5-7 per day)
High calorie intake (≥ 32 kcal/kg/d)
High protein intake (1.2-1.5 g/kg/d)
Late evening snack containing protein and carbohydrate
Add oral nutrition supplements when unable to meet energy-protein requirements via ad-libitum dietary intake
Low sodium diet (≤ 2000 mg/d) if ascites or oedema present
Supplement with branched chain amino acids (25%-30% of total protein requirement) if hepatic encephalopathy or sarcopenia present, whilst ensuring
overall protein intake meets requirements
Initiate enteral feeds (nasogastric) if unable to meet energy-protein needs via oral diet (polymeric, energy-dense formula). Consider nasojejunal tube if
severe gastroparesis or intolerance of nasogastric feeds
Initiate parenteral nutrition if malnourished and enteral route either not accessible or unable to tolerate full energy-protein requirements

find any significant differences, with the conclusion that “data do not compellingly
justify the routine use of parenteral, enteral or oral nutrition support in patients with
liver disease”[103]. All authors reported a low quality of trials with an urgent need for
data from well-designed and implemented randomized studies to inform future
clinical practice.
Despite the low grade of evidence supporting nutritional recommendations in
cirrhosis, it is well accepted that malnutrition is associated with a host of poor
outcomes, and efforts to prevent its occurrence and progression should be prioritised.
Given the limitations of current studies, there is an urgent need for large, welldesigned trials with appropriate intervention and duration. Most importantly, analysis
of clinical outcomes is required to determine whether improving malnutrition can
have a lasting impact on pre- and post-liver transplant morbidity and mortality.

CONCLUSION
Malnutrition negatively impacts the course of patients with liver cirrhosis and has a
complex, multifactorial etiology. It remains a potentially reversible prognostic marker
in cirrhosis, but remains a challenging problem with little evidence to guide
intervention. The presence of anorexia and other symptoms leading to poor oral
intake, the catabolic nature of the disease process, and underlying metabolic changes
leads to significant difficulties in adequately meeting the nutritional needs of cirrhotic
patients. Based on the published literature, it appears these barriers are often
insurmountable. Many patients cannot achieve a stable anabolic state with a dietary
intake far distant from what is recommended. There is an urgent need for further
large-scale research to provide evidence for many aspects of the appropriate nutrition
management for patients with cirrhosis, and indeed determine whether artificial
nutrition support is able to bridge the nutrition gap so often encountered in clinical
practice. A focus on patient reported outcomes will also enhance compliance with
dietary therapies and analysis of clinical endpoints is critical.
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Abstract
Paraneoplastic syndromes are the symptoms or signs which result from damage
to tissues that are distant from the site of malignancy, due to complex interactions
between the body’s immune system and malignant neoplasm. Cholangiocarcinoma (CCA) is an aggressive epithelial malignancy of hepatobiliary tree and
it is found to be associated with various paraneoplastic syndromes. These
syndromes can present as dermatological, neurological, renal, hematological, or
multi-systemic manifestations. Clinical suspicion and timely recognition of these
syndromes can lead to early diagnosis of covert malignancies like CCA. The
management plan remains the removal of the underlying cause which in this case
is CCA.
Key Words: Cholangiocarcinoma; Paraneoplastic syndrome; Malignancy; Immune system;
Biliary tree; Multi-organ
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Various case reports have been published focusing on single paraneoplastic
syndromes associated with cholangiocarcinoma (CCA) but none of the studies has
reported these manifestations collectively. This review summarizes different
paraneoplastic syndromes which are associated with CCA to give a better idea about
how it affects various organ systems.
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INTRODUCTION
Cholangiocarcinoma (CCA) is an aggressive epithelial malignancy of hepatobiliary
tree, accounting for 10%-20% of primary liver cancers[1,2]. It is strongly linked to chronic
liver disease and is classified according to an anatomical location in the biliary tree as
intrahepatic (iCCA), perihilar (pCCA) and distal (dCCA) subtypes[3]. The incidence of
CCA, particularly iCCA has increased worldwide between 1993 and 2002. Highest
rates were found among Asian countries with South Korea on the top having an agestandardized incidence rate (ASR) of 2.80, followed by Thailand (2.19) and Japan
(0.95)[4]. In the USA, the incidence of iCCA has increased in the last 40 years between
1973 and 2012 from 0.44 to 1.18 cases per 100000 person-years[5]. iCCA accounts for
about 20% of the deaths from hepatobiliary cancers, which cause 13% of the total
cancer mortality worldwide[6]. Recent diagnostic techniques and early management
have led to an improvement in 1-year mortality over time but the 5-year survival is
still as low as 10% due to the appearance of clinical symptoms in the later course of the
disease[7].
Paraneoplastic syndromes are the symptoms or signs which result from damage to
tissues that are remote from the site of malignancy, due to complex interactions
between the body’s immune system and malignant neoplasm[8]. CCA has been
reportedly found to be the source of various paraneoplastic manifestations including
alopecia[9], sensory neuropathies[10], hypercalcemia, polycythemia, leukocytosis[11] and
increased parathyroid hormone-related protein (PTHrP)[12-14].
Several individual cases of paraneoplastic syndrome with CCA have been reported
in the literature. This mini-review summarizes all these cases with their clinical
presentation and pathophysiology associated with CCA.

PARANEOPLASTIC SYNDROMES
Dermatological manifestations
Acanthosis nigricans: Acanthosis nigricans (AN) presents as a brown to black
hyperpigmented velvety patch found on neck, groin, and axilla[15]. However, AN
associated with internal organ malignancy mostly appears as a diffuse patch over
palms and soles, and can also involve the oral cavity and/or esophagus[16]. Of all the
reported cases, internal organ malignancies are found to be associated with AN of
palms in 90% of the cases[17]. Paraneoplastic syndrome that occurs as a result of CCA is
associated with the production of biologically active particles in the malignant tissue.
These include growth factors like epidermal growth factor (EGF) or alphatransforming growth factor (αTGF) which are associated with the malignant
proliferation of skin resulting in AN[18]. AN resolves after effective treatment of the
underlying malignancy and might progress if there is any recurrence or metastasis of
the tumor as stated in the study of Ravnborg.
Alopecia: Alopecia is the most common hair disease reported in oncology patients[19].
It usually presents as a round patch of hair loss on the top of the skull with welldemarcated edges. The type of alopecia associated with cholangiocarcinoma is usually
alopecia areata[20]. Alopecia in CCA is triggered by several neurological, hormonal, and
emotional factors but in most cases, the actual cause remains undetermined. Alopecia
caused by CCA has an increasing trend of incidence in the people of the United States
as compared to those in Europe hinting towards the role of environmental factors as
well[21]. Although it can occur as an independent condition, but remission of cancer
resulting in the resolution of alopecia, and relapse leading to recurrence favors the
paraneoplastic nature as mentioned in the study of Antoniou[20].
Dermatomyositis: It is relatively a rare paraneoplastic manifestation of CCA[22]. It
presents as weakness of the proximal group of muscles with a bluish-purple skin
lesion on upper eyelids (heliotrope rash) and erythematous papules on knuckles are
noticed (Gottron papules) as evident from the study of Suh[23]. Muscle weakness in
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dermatomyositis caused by CCA is attributed to increasing energy consumption of
carcinoma cells than normal cells, resulting in excessive glucose breakdown[24].
Dermatomyositis also results from an autoimmune response against highly active
cancer cells that cross-react and attack the affected muscles[25]. Myositis specific autoantigens are also expressed in tumor cells that cross-react and cause this disease.
Successful treatment of CCA results in the improvement of dermatomyositis[26].
Disseminated superficial porokeratosis: Disseminated superficial porokeratosis
(DSP) is a benign proliferation of keratinocytes resulting in a hyperkeratotic skin
tumor[27]. DSP is linked to internal organ malignancies such as hepatocellular
carcinoma and CCA suggesting a paraneoplastic nature[28]. DSP presents as welldemarcated reddish-brown papules, ranging from 0.5 cm to 1.5 cm, and become
noticeable a few months before the onset of cancer-related symptoms. These are visible
on the extensor surface of all limbs and trunk, consisting of multiple annular and itchy
lesions with elevated borders sparing mucosa, palms, and soles as explained by
Cannavo in his study[29]. Overexpression of the p53 gene product is associated with the
appearance of widespread DSP as a manifestation of internal organ malignancy like
CCA[30]. All of these abnormalities in the p53 pathway result in a lack of keratinocyte
differentiation and dysregulation of loricrin expression. Loricrin is a precursor protein
formed in the last stage of keratinization and its dysregulation results in the formation
of a cornified envelope[31].
Necrolytic Migratory Erythema: Necrolytic migratory erythema (NME) is an
erythematous erosive patch with an advancing scaly border[32]. NME in the setting of
CCA, presents as annular erythematous lesions of almost 1-2 cm in size with a central
glassy surface, surrounded by scaling that occurs on the face, trunk, and extremities as
mentioned by Chiyomaru in his case report. NME mostly presents before CCA is
clinically diagnosed[33]. Several conditions like primary sclerosing cholangitis, liver
fluke infection, and biliary malformation are associated with increased risk of CCA
which results in paraneoplastic NME[34]. Moreover, low nutritious conditions are also
aiding the development of NME. Thus patients with NME, without a known cause,
should always be checked and screened for malignancies periodically[33].
Persistent erythema multiforme: Erythema multiforme (EM) is one of the cutaneous
disorders that occur in the setting of a pre-existing internal organ malignancy and are
collectively known as paraneoplastic dermatoses. EM is typically self-limited and
benign. It usually occurs early in the disease course of CCA. Persistent erythema
multiforme (PEM) is a rare form of erythema multiforme that comprises of both
typical and atypical cutaneous/mucosal lesions and doesn’t resolve on its own[35]. On
examination, EM appears as a painful erythematous rash with scaling that occurs in
patches over the chest, upper back, and both thighs. After a few days, it changes to
hemorrhagic bullae with violaceous edges. Vital signs are normal and there is no
mucosal involvement as shown by the study of Tzovaras[36]. EM is sudden in onset and
usually resolves in 1- 6 d. Skin paraneoplastic syndromes are commonly associated
with internal organ malignancies but EM is a rare skin manifestation in these cases. It
is believed that PEM occurs in the setting of CCA as a result of continuous stimulation
by antigenic tumor material[37]. There is no direct involvement of tumor cells and no
other acquired factors are present marking REM as a paraneoplastic manifestation of
CCA. Moreover, the treatment of CCA results in regression of PEM, and relapse of the
tumor results in its reappearance[36].
Sweet syndrome: Sweet syndrome (SS) is an acute febrile neutrophilic dermatosis.
Malignancy associated Sweet syndrome occurs in approximately 15% of the
population suffering from solid tumors[38]. It presents as rapidly growing painful
erythematous plaques over the face, neck, and legs and is associated with fever,
generalized malaise, cough, and arthralgia according to the case report presented by
Shinojima[39]. According to recent studies, it is observed that granulocyte-colony
stimulating factor (G-CSF) has a major role in the pathogenesis of SS[40]. Increased GCSF results in production, activation, and chemotaxis of the neutrophils[41]. Malignant
tumors like CCA result in excessive production of G-CSF that further stimulates
neutrophils resulting in paraneoplastic SS[42].
Bazex syndrome: Bazex syndrome is characterized by the appearance of
hyperkeratotic lesions on various parts of the body in association with an underlying
malignancy. It clinically presents as pruritic scaly dusky red eruptions covered with
adherent scales on face, ear, buttocks, palms, and soles. They are commonly associated
with fatigue, recurrent abdominal pain, nausea, vomiting, constipation, weight loss,
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and liver enlargement as mentioned by Karabulut in his study[43]. Pathophysiology of
bazex syndromes is cross-reaction of antigens from tumor to skin. This cellular
immune system alteration results in increase release of various growth factors like
epidermal growth factor-alpha[44]. Treatment of bazex syndrome shows how strongly
this manifestation is paraneoplastic. Regular dermatological treatment doesn’t show
any response but the removal of the underlying tumor results in complete resolution
of the disease[45].
Erythema gyratum: Erythema gyratum is rapidly moving erythema and is a marker of
underlying malignancy. It is most commonly associated with lung, esophageal, and
breast carcinoma[46]. Clinically it presents as a 3-wk history of rash on the lower limbs.
The eruption of the rash began as small erythematous macules which gradually
enlarge resulting in concentric raised scales on the lateral aspect of the right thigh as
Liau mentioned in his study[47].
Pityriasis rubra pilaris: Pityriasis rubra pylaris (PRP) is a papulosquamous dermatosis
of skin. It clinically presents as a 10-d history of widespread pruritic rash that begins
appearing on thighs and progresses gradually over shins, lower back, trunk, face, and
forearms as mentioned in the case report presented by Bar-Ilan. It is associated with
mild fever as well[48]. Pathophysiology involved in the appearance of PRP is increased
secretion of peptides and hormones from the tumor due to cross-reactivity of the
antigens[49].
Sign of leser-trelat: Leser-trelat sign is the appearance of multiple pigmented
seborrheic keratosis mostly associated with underlying malignancy. It is mostly
associated with GI adenocarcinoma and rarely with CCA[50]. It clinically presents as a
1-week history of worsening jaundice, pale stools, and recent onset abdominal pain as
evident by the study of Morgenthau[51]. The pathophysiology behind this sign is a
sudden increase in cytokines and various growth factors like epidermal growth factoralpha resulting in hyperpigmentation of the skin[52].
Subacute cutaneous lupus erythematosus: Subacute cutaneous lupus erythematosus
(SCLE) is an inflammatory skin disorder mimicking skin manifestations of systemic
lupus erythematous. It is one of the rare paraneoplastic manifestations linked to CCA.
It clinically presents as explosive onset of new pruritic rash along with arthralgia and
lower extremity edema in a patient with previous history of CCA as explained by
Opneja in his study[53]. The pathophysiology behind SCLE lies in self-activation of the
body’s immune system resulting in photosensitive rash as it is in the usual SLE[54].
A summary of all the dermatological paraneoplastic syndromes is explained in
Table 1 at the bottom of the review

Neurological manifestations
Limbic encephalopathy: Limbic encephalopathy (LE) is the sub-acute onset of
memory impairment and confusion[55]. LE is reported in CCA but is a rare finding. In
the starting phase, it presents as a polyneuropathy quite similar to diabetic
polyneuropathy, with gradual progression to focal seizures. As the disease progresses,
temporal lobe association is noted resulting in pilomotor erection (autonomic seizures)
and eventually symptoms of rapidly progressive dementia appear[56]. Thus, autonomic
seizures, delusion, and rapidly progressive dementia are the hallmarks of LE[57].
Different mechanisms are linked to LE in the setting of CCA. The formation of new
anti-neuronal antibodies is associated with limbic encephalitis. In some cases,
autoantibodies are formed against intracellular antigens in the mesiotemporal region
while others suggest that they are formed against surface antigens[58]. Both
hypermetabolism and hypometabolism of mesiotemporal lobe has also been reported
after the onset of LE symptoms[59].
Paraneoplastic cerebellar degeneration: Paraneoplastic cerebellar degeneration (PCD)
typically presents in women with a sudden onset of ataxia progressively involving
limbs and trunks, dysarthria, diplopia, and dysphagia that occurs in the background
of a malignancy. It is rarely reported with CCA. In a case report by Bruhnding et al. it
began with lower limbs, but gradually involved upper limbs as well. Sensation in legs
was affected as well. Eventually, the patient was unable to stand anymore. Dysmetria
ensued and interfered with self-sufficiency in feeding leading to a weight loss of 60
pounds over six months. Imaging revealed a 2 cm liver mass. Biopsy proved
intrahepatic cholangiocarcinoma. Anti-Yo antibodies were also found positive in
association with PCD[60]. The underlying mechanism is not clearly understood. The
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Table 1 Summary of literature on dermatological paraneoplastic syndromes in cholangiocarcinoma
Ref.

Year

Paraneoplastic syndrome

Mediator

Ravnborg et al[15]

1993

Acanthosis nigricans

TGF-alpha

Suchonwanit et al[19]

2018

Alopecia

T-lymphocytes

2012

Alopecia

T-lymphocytes

2016

Dermatomyositis

2018

Dermatomyositis

Sotoodian et al

2018

Disseminated superficial porokeratosis

p53

Cannavó et al[29]

2008

Disseminated superficial porokeratosis

p53

Chiyomaru et al[33]

2010

Necrolytic migratory erythema

Dermatologic

[20]

Antoniou et al
Suh et al

[23]

Yasuda et al

[26]
[27]

Tzovaras et al

[36]

2007

Persistent erythema multiforme

[39]

2006

Sweet syndrome

[43]

Karabulut et al

2006

Bazex syndrome

Liau et al[47]

2016

Erythema gyratum

Bar-Ilan et al[48]

2017

Pityriasis rubra pilaris

Morgenthau et al[51]

2019

Sign of leser- trelat

2015

Subacute cutaneous lupus erythematosus

Shinojima et al

[53]

Opneja et al

G-CSF, IL-1, IL-6

EGF-alpha

TGF-alpha: Tissue growth factor-alpha; G-CSF: Granulocyte-colony stimulating factor; IL: Interleukin; EGF-alpha: Epidermal growth factor-alpha.

autoimmune nature of PCD is thought to be due to malignant cells expressing
onconeural antigens that are otherwise found on neurons[61]. Thus cross-reactivity
leads to the development of PCD. However, no direct link between these antibodies
and PCD has been developed yet.

Renal manifestations
Glomerulonephritis: Glomerulonephritis is defined as inflammation of small blood
vessels inside the kidneys. Fibrillary glomerulonephritis (FGN) is a rare type of
glomerulonephritis. A rare case of FGN is recently reported showing its association
with iCCA. It presents as edema of lower limbs and face with uncontrolled
hypertension. Nephrotic range proteinuria is evident (3 g/d) with 24 h-proteinuria of
0.74g/d mentioned by Normand in his study. Microscopic hematuria is also present.
Complete remission of glomerulonephritis indicates the paraneoplastic nature of this
disease[62].

Hematological manifestations
Paraneoplastic vasculitis: Vasculitis is an inflammation of the wall of a blood vessel.
Malignant diseases are both associated with vasculitis of arteries and veins.
Paraneoplastic vasculitis constitutes less than 5% of all the forms of vasculitis[63].
Vasculitis is more commonly associated with hematological malignancies than solid
tumors[64]. Small vessels are frequently linked to the paraneoplastic nature of vasculitis.
The type of vasculitis associated with CCA is giant cell arteritis. It presents with onemonth history of headache, scalp tenderness, pain, and stiffness in the neck, shoulder,
and pelvic girdles. The resolution of symptoms right after removal of the tumor
indicated the paraneoplastic nature of this vasculitis[65].
Trousseau syndrome: Trousseau syndrome, also known as migratory
thrombophlebitis, is an acquired abnormality of blood clotting. According to several
reports, it is concluded that several clotting disorders are closely linked to internal
organ malignancy[66]. There have been 2 cases of trousseau syndrome with underlying
isolated CCA, while others had either a hepatocellular CA or a lung adenocarcinoma
along with CCA[67]. Trousseau syndrome, in the setting of CCA, presents as weight
loss, mild shortness of breath, right upper quadrant tenderness, and abnormal liver
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function tests with raised alkaline phosphatase as evident from the studies of Jang and
Blum[68]. It is believed that tissue hypoxia leads to activation of the coagulation
pathway and endothelial adhesion molecules[69]. Low molecular weight heparin
(LMWH) along with removal of the primary tumor has been found effective in its
treatment[70].
Anti-phospholipid antibody syndrome: Antiphospholipid antibody syndrome
(APAS) is an autoimmune disorder that results in the formation of antibodies against
phospholipids on platelets resulting in hypercoagulability. APAS has been linked to
various solid organ malignancies but a few cases are found in association with
CCA[71]. APAS, in the setting of CCA, presents as unilateral leg pain, swelling, and
tenderness. Moreover, lupus anticoagulant is raised with normal antinuclear
antibodies as mentioned by Samadian in his case report[72].
Paraneoplastic leukemoid reaction: Leukemoid reaction means an increase in the
number of leukocytes (WBC’s > 50000) particularly neutrophils, in reaction to any
infection or carcinoma. Leukemoid reaction in the setting of CCA mimics a pyogenic
liver abscess and clinically presents as pyrexia and leukocytosis[73]. The fever is
intermittent and remains there for at least a month along with weight loss, progressive
generalized weakness, and a leukocyte count above 20000 (> 78% neutrophils)
mentioned by Ham in his study related to leukemoid reaction[74]. Only 2 cases of
paraneoplastic leukemoid reaction have been reported with the primary cause of
CCA[75]. Treating CCA resulted in the resolution of leukemoid reaction.

Multisystemic manifestations
Polyarteritis nodosa: Polyarteritis nodosa (PAN) is a rare form of systemic necrotizing
vasculitis that has heterogeneous forms of presentations[76]. PAN that occurs due to
underlying neoplasia is termed as paraneoplastic vasculitis. It may precede or follow
the onset of neoplasia or it may also be evident on the recurrence of many malignant
diseases, showing a strong link with carcinomas[77]. PAN occurring in the setting of
CCA is a rare finding but a study reports an association of CCA with PAN[78].
Paraneoplastic vasculitis is mostly cutaneous but it can also affect internal organs[79].
The earliest sign experienced in PAN is bilateral numbness in lower limbs followed by
gradually increasing fever. After approximately 2 wk, an arthritis-like pathology is
noticed with severe pain in bilateral lower limbs, ankles, metatarsal, and phalangeal
joints. After a few months, skin manifestations appear which are necrosis and
gangrene evident on distal phalanges. Lastly, gastrointestinal symptoms appear
comprising of severe abdominal pain, nausea, and vomiting. The gradual sequence of
these clinical symptoms has been mentioned by Hatzis in his case report. Digital
ischemia is also a complication of paraneoplastic vasculitis[80]. Paraneoplastic vasculitis
such as PAN is highly associated with raise in titers of anti-neutrophilic cytoplasmic
antibodies (ANCA)[81]. Moreover, patients with raised ANCA and PAN also have
raised CA 19-9, a tumor marker that rises in CCA and pancreatic carcinomas[82]. Recent
studies suggest immune dysregulation as the primary cause of paraneoplastic
vasculitis. Another study states that it might be due to cross-reaction of tumor
antigens, directly causing vascular damage or indirectly by releasing humoral agents
like chemotactic factors. PAN is poorly responsive to steroids or other treatment
modalities but the removal of the tumor or chemotherapy results in its resolution[83].
Adult-onset still disease: Adult-onset Still disease (AOSD) is an adult version of
juvenile idiopathic arthritis. It is caused by an altered immune response of the body
against any foreign body or carcinoma. Previously, AOSD has been linked to various
carcinomas like breast, esophageal, thyroid, and lung[84]. This is the first case, reporting
link of AOSD with CCA. Symptoms of AOSD occur before malignancy is
diagnosed[85]. AOSD linked to CCA clinically presents as high-grade fever and chills
for 1 week along with other symptoms like sore throat, myalgia, pleuritic chest pain,
cough, and pain in various joints as mentioned by the study of Raza[85].

Humoral manifestations
Humoral hypercalcemia of malignancy: Parathyroid hormone-like hormone (PTHLH)
is formed by proliferating bile duct epithelial cells in CCA that further interacts with
various growth factors resulting in loops of uncontrolled proliferation[86]. PTHLH
derived from CCA cells is involved in causing humoral hypercalcemia of malignancy
(HHM). HHM is evident in approximately 10%-20% of the patients with underlying
malignancies[87]. Almost 80%-90% of them are due to PTHLH. Clinical signs evident in
a patient with HHM are changes in mental status, constipation, nausea, abdominal
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discomfort, polydipsia, polyuria, and weakness. These are due to the increased
concentration of calcium in the body[88]. There is good evidence that proves
hypercalcemia as a paraneoplastic manifestation of CCA. Patients showing symptoms
of hypercalcemia with normal PTH levels and an increased PTHLH in the setting of
CCA supports that it is paraneoplastic. PTHLH works with tumor growth factor-alpha
and tumor necrosis factor-alpha to cause hypercalcemia that is HHM.
A summary of all the paraneoplastic syndromes associated with other systems is
explained in Table 2 at the bottom of the review.

Association with other neoplasms
Recent diagnostic studies have indicated the presence of certain serological markers in
CCA which are raised in other malignancies too suggesting that CCA might be having
a concomitant neoplasm that shares the same paraneoplastic syndrome. For example,
erythematous skin rash, associated with CCA, has raised CA 19-9. This serological
marker is also linked to certain malignancies like colorectal and pancreatic
carcinomas[53]. Another example is hypercalcemia. It is associated with CCA and also
found to be raised in 10%-20% of malignancies like squamous cell carcinoma of the
lung, head and neck, esophagus, and skin cancers[89]. Further detailed studies might
reveal the hidden facts of this involvement.

Early detection of occult malignancy
CCA has poor prognosis which has led to equalization of incidence and mortality
rates[90]. Although CCA has a poor prognosis, it has been reported that early screening
and diagnosis can lead to decreased mortality rates. All the manifestations explained
above showed how treating CCA resulted in resolution of symptoms. Thus any patient
with the above paraneoplastic manifestation and clinical symptoms should always be
screened for cholangiocarcinoma as this could lead to a better chance of survival.

CONCLUSION
CCA can cause a wide range of paraneoplastic syndromes. The exact mechanism
linking them to CCA in most of these syndromes remains undetermined. Hence, no
particular treatment modality can be recommended. The best management plan
remains the removal of the underlying cause which in this case is CCA. The timely
recognition of these syndromes and clinical suspicion can lead to early diagnosis of
covert malignancies like CCA. The presence of symptoms can also predict the efficacy
of treatment, relapse, or recurrence of the disease. Further studies are pertinent to
understand the underlying mechanisms and targeted therapies for these
paraneoplastic syndromes.
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Table 2 Summary of literature on paraneoplastic syndromes in cholangiocarcinoma associated with other systems
Ref.

Year

Paraneoplastic syndrome

Mediator

Schmidt et al[57]

2016

Limbic encephalopathy

ANNA-1, Anti-Ma2, Anti-PCA-2/anti-Tr,
Anti-VGKC

Bruhnding et al[60]

2016

Paraneoplastic cerebellar degeneration

Anti-Yo antibodies

2017

Glomerulonephritis

Solans-Laque et al[65]

2008

Vasculitis

Blum et al[67]

2016

Trousseau syndrome

2006

Trousseau syndrome

1999

Anti-phospholipid Antibody Syndrome

2015

Paraneoplastic leukemoid reaction

Hatzis et al[78]

1998

Polyarteritis nodosa

Raza et al[85]

2013

Adult-onset still disease

2019

Humoral hypercalcemia of malignancy

Neurological

Renal
Normand et al[62]
Hematological

[68]

Jang et al

Samadian et al

[72]

[74]

Ham et al

Multisystem
p-ANCA

Humoral
Erdinc et al[88]

PTHrP

TGF-alpha: Tissue growth factor-alpha; G-CSF: Granulocyte-colony stimulating factor; IL: Interleukin; EGF-alpha: Epidermal growth factor-alpha; ANNA:
Antineuronal nuclear antibody; PCA: Purkinje cell antibody; VGKC: Voltage-gated potassium channel; ANCA: Antineutrophil cytoplasmic antibody;
PTHrP: Parathyroid hormone-related protein.
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Abstract
The primary purpose of variceal screening in patients with cirrhosis is to detect
gastroesophageal varices at high risk of hemorrhage and implement preventative
intervention(s). It was previously recommended that all patients with cirrhosis
undergo initial and periodic longitudinal variceal screening via upper endoscopy.
However, there has been growing interest and methods to identify patients with
cirrhosis who may not have clinically significant portal hypertension and
therefore be unlikely to have varices requiring intervention or benefit from upper
endoscopy. Because the population of patients with compensated advanced
chronic liver disease continues to grow, it is neither beneficial nor cost-effective to
perform endoscopic variceal screening in all patients. Therefore, there is ongoing
research into the development of methods to non-invasively risk stratify patients
with cirrhosis for the presence of high-risk esophageal varices and effectively limit
the population that undergoes endoscopic variceal screening. This is particularly
important and timely in light of increasing healthcare reform and barriers to
healthcare. In this review, we discuss and compare, with respect to test
characteristics and clinical applicability, the available methods used to noninvasively predict the presence of esophageal varices.
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Core Tip: Because the population of patients with compensated advanced chronic liver
disease continues to grow, it is neither beneficial nor cost-effective to perform
endoscopic variceal screening in all patients. Therefore, there is ongoing research into
the development of methods to non-invasively risk stratify patients with cirrhosis for
the presence of high risk esophageal varices and effectively limit the population that
undergoes endoscopic variceal screening. These topics are reviewed in this article.

Citation: Bangaru S, Benhammou JN, Tabibian JH. Noninvasive scores for the prediction of
esophageal varices and risk stratification in patients with cirrhosis. World J Hepatol 2020;
12(11): 908-918
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/908.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.908

INTRODUCTION
Variceal screening and surveillance is an important part of the management of patients
with cirrhosis. The primary goal of upper endoscopy (EGD) in this context is to
identify patients with gastroesophageal varices (GEV) at high risk of hemorrhage so
that strategies to minimize this risk, including potential endoscopic treatments, can be
implemented[1]. The previous American Association for the Study of Liver Diseases
(AASLD) guidelines on the management of GEV and the Baveno consensus conference
in its first five editions recommended variceal screening and periodic surveillance with
EGD in all patients with cirrhosis. However, the introduction of transient elastography
(TE) in clinical practice has allowed the identification of patients with early chronic
liver disease manifested by advanced fibrosis, an entity that was subsequently termed
compensated advanced chronic liver disease (cACLD)[2]. This population comprises a
heterogeneous group of patients with varying degrees of portal hypertension (PH),
ranging from no PH (hepatic venous portal gradient (HVPG) of 1-5 mm Hg) to mild or
“subclinical” PH (HVPG of 5-9 mmHg) to clinically significant portal hypertension
(CSPH) (defined as an HVPG of ≥ 10 mmHg)[2-4]. Above this threshold of 10 mmHg, all
complications of PH, including the development of GEV and variceal hemorrhage, are
more likely to occur[4-6]. Reflecting this, the prevalence of GEV ranges from 20%-40% in
patients with cACLD to as high as 85% in patients with decompensated cirrhosis (who
have CSPH)[3]. GEV also have a variable risk of hemorrhage: The overall rate of
variceal hemorrhage is around 10%-15% per year, but this varies with both the severity
of liver disease (Child class B or C) and with endoscopic features of the varices
including size and the presence of high risk stigmata[3,7]. Furthermore, there are small
but notable risks associated with EGD, and the costs incurred on both the patient and
the healthcare system in the context of a growing chronic liver disease population is
substantial[7,8].
In light of this heterogeneity, the most recent AASLD guidance statement and the
2015 Baveno VI consensus statement recommend the use of non-invasive tests to
stratify patients and rule out high risk esophageal varices (HREV) in patients with
cACLD[2]. The AASLD practice guidance states that patients with a liver stiffness of <
20 kPa as measured by TE and a platelet count (PC) of > 150000/mm3 can avoid EGD
but that those who do not meet these criteria, known as the Baveno VI criteria, should
receive a screening EGD[3]. There are ongoing efforts to develop alternative noninvasive models using clinical, biochemical, and radiographic parameters to stratify
patients for variceal screening[9]. The goal is to balance good test characteristics (< 5%
of patients with HREV are missed) with ease of administration and widespread
availability of testing in clinical practice[2]. This review will discuss the non-invasive
methods for esophageal variceal (EV) prediction in patients with cACLD.

PLATELET COUNT TO SPLEEN DIAMETER RATIO
Because low PC and enlarged spleen size are independently suggestive of PH, their
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combination into the PC to spleen diameter ratio (PC/SD) was evaluated for the
prediction of EV. In the initial proof-of-concept retrospective study of 137 adult
patients with confirmed EV by EGD, a PC/SD cutoff value of 909 (n/mm3)/mm
offered a net present value (NPV) of 73% and a positive predictive value (PPV) of
74%[10]. A 2012 systematic review and meta-analysis of PC/SD including 1275 adult
patients with cirrhosis yielded a pooled sensitivity of 89% [95% confidence interval
(CI): 87%-92%] and pooled specificity of 74% (95%CI: 70%-78%), but the pooled
positive and negative likelihood ratios were only moderately helpful[11]. The largest
study was a 2017 Cochrane meta-analysis including 2637 patients across 17 studies
evaluating the PC/SD at a cut-off of 909 (n/mm3)/mm demonstrated an even better
sensitivity of 0.93 (95%CI: 0.83-0.97) and specificity of 0.84 (95%CI: 0.75-0.91) for the
detection of varices of any size. However, it was noted that 7% of adults with any EV
would be missed[12]. They therefore further evaluated the ability of the PC/SD to
predict the presence of HREV [also known as varices needing treatment (VNT)], which
refers to medium or large varices, varices with high risk stigmata, or small varices in
Child C cirrhosis. Interestingly, the PC/SD performed worse in the prediction of
HREV at a cut-off value around 909 (n/mm3)/mm (between 897 and 921), with a
sensitivity of 0.85 (95%CI: 0.72-0.93) and specificity of 0.66 (95%CI: 0.52-0.77).
While the PC/SD is advantageous in that it is easy to calculate and relies on only
two data points, its test characteristics are not adequate for the prediction of EV or
HREV. The authors considered that it could potentially be incorporated into a more
comprehensive prediction rule[11]; however, an additional challenge with widespread
use is that spleen diameter is not consistently included in ultrasound reports.

TRANSIENT ELASTOGRAPHY
Liver stiffness (LS) as measured by transient elastography (TE) performs well in the
diagnosis of cirrhosis with an area under the receiver operating characteristic
(AUROC) of 0.96, and at a cut-off of 17.6 kPa, the NPV and PPV for the diagnosis of
cirrhosis are 92% and 91%, respectively[13]. A meta-analysis of 11 studies evaluating LS
and HVPG demonstrated a significant correlation (r = 0.783, 95%CI: 0.737-0.823) and
that LS also had good diagnostic performance for the assessment of CSPH, with a
sensitivity of 87.5% and specificity of 85.3%[14]. A 2013 meta-analysis including 5
studies and 420 patients demonstrated that LS by TE is an accurate means of
diagnosing CSPH, with an AUROC of 0.93 (95%CI: 0.90-0.95), sensitivity of 0.90
(95%CI: 0.81-0.95), and specificity of 0.79 (95%CI: 0.58-0.91)[15].
Several studies have subsequently been conducted to evaluate the accuracy of TE in
the diagnosis of EV with variable findings. In a prospective study including patients
with cirrhosis of multiple etiologies, a cut-off value of 27.5 kPa provided a NPV of 95%
in diagnosing HREV[13]. However, subsequent meta-analyses demonstrated that LS
alone is not sufficiently accurate to diagnose either EV or HREV. Based on these
studies, the AUROC for TE in the diagnosis of HREV ranged from 0.78 to 0.83[15,16], and
the AUROC for TE in the diagnosis of EV ranged from 0.82 (95%CI: 0.79-0.86) to 0.84
(95%CI: 0.80–0.87)[17].
It is important to note that these studies included patients with multiple and varied
etiologies of chronic liver disease which contributed substantial heterogeneity[15,16]
although the majority of patients across these studies had untreated viral or alcoholic
cirrhosis[15]. In addition, the TE-LS cutoffs evaluated varied significantly across studies,
ranging from 12.0 to 29.7 kPa for the detection of any EV and from 14.6 to 38.2 for the
detection of HREV[16,17]. The optimal cutoffs for TE-LS used to stage fibrosis and
diagnosis cirrhosis vary with etiology of liver disease and may be disease-specific.
Therefore, this may be the case for TE in the diagnosis of EV and HREV and perhaps
establishing disease-specific cut-offs would improve test characteristics. However, the
sensitivity of TE in the diagnosis of EV or HREV is good but the specificity is only
moderate. Therefore, it was concluded that although TE has a role in the assessment of
PH, it should not be used alone in selecting patients for variceal screening[18].

COMBINATION OF LIVER STIFFNESS, SPLEEN DIAMETER, AND
PLATELET COUNT
The role of LS in combination with other parameters has been evaluated. LS, SD and
PC have been evaluated in various combinations for the prediction of EV. One such
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score is called the liver stiffness – spleen diameter to platelet ratio (LSPS) and is
calculated as follows: LS × SD/PC. LSPS is accurate in the diagnosis of CSPH with an
AUROC of 0.918 (95%CI: 0.872-0.965, P < 0.0001)[19]. In a prospective study of patients
with cirrhosis due to hepatitis B, it was found that LSPS < 3.5 has a 94.0% NPV for the
prediction of HREV while LSPS > 5.5 has a PPV of 94.2. LSPS had excellent accuracy
with AUROC of 0.953 and performed better in the prediction of HREV than any of the
components individually and PC/SD[20]. However, a second study including patients
with diverse etiologies of cirrhosis showed that LSPS < 3.21 offered a better NPV in the
prediction of EV, again demonstrating heterogeneity in optimal cutoffs[19].
Furthermore, these studies suggested better performance of LSPS in Child A than
Child B + C cirrhosis[20].
Another study developed an EV prediction score using multivariable analysis of the
individual parameters of the LSPS which is calculated accordingly: - 4.364 + 0.538
(spleen diameter) – 0.049 (PC) – 0.044 (LS) + 0.001 (LS × PC). This score had an
AUROC of 0.909 (95%CI: 0.841-0.954, P < 0.0001) and it performed similarly when
evaluated by etiology of liver disease[19]. A third score, calculated simply by PC/log10
LS, was evaluated in a prospective study of 107 patients. It was found that values ≤
122,000/μL × kPa predicted high-risk varices with 100% sensitivity and 100% NPV,
which would prevent 20.6% of patients from receiving unnecessary screening
endoscopy (p = 0.003)[21].
These studies together demonstrate that combinations of LS, SD, and PC can
perform well in the diagnosis of CSPH and EV/HREV. However, despite their
excellent test characteristics, these scores have not gained momentum, and one
important reason for this is that calculating a score is cumbersome when applied to
busy clinical practice because it requires an additional step. The Baveno VI consensus
acknowledged this in favoring a method that combines data points sequentially rather
than via a calculation.

LIVER STIFFNESS AND PLATELET COUNT: THE BAVENO VI CRITERIA
The combination of LS and PC has demonstrated high performance in the prediction
of CSPH and EV, and the use of sequential clinical parameters is quick and simple to
apply in clinical practice. A 2014 prospective, proof-of-concept study of 49 patients
with TE-LS ≥ 13.6 kPa and EGD noted that 90% of patients with EV had a PC <
150000/mm3 and an abnormal ultrasound suggesting a simple sequential strategy
could be used to avoid EGD in low-risk patients[22]. A subsequent 2015 retrospective
study of 271 patients (71 training, 200 validation) with Child Pugh A cirrhosis and LS
> 13.6 kPa found that the optimal threshold for excluding HREV was the combination
of LS ≤ 25 kPa and PC ≥ 100000/mm3. This combined model had a NPV of 100% for
the prediction of HREV in both the training and validation cohorts[23]. Of note, the
majority of patients had hepatitis C cirrhosis and in addition, the frequency of GEV
was low (10% overall) which is good in that it reflects real-life practice in compensated
cirrhosis but worth noting because it does affect the model development and test
characteristics[23].
Based on these findings that HREV could be excluded with a very low miss
rate[22,23], the 2015 Baveno VI consensus conference recommended that surveillance
endoscopy is not necessary for patients with compensated cirrhosis who have normal
platelets > 150000/mm3 and LS < 20 kPa[2]. Many studies including high-volume single
center retrospective studies and meta-analyses have validated the Baveno VI
recommendation in patients with different etiologies of cACLD (including hepatitis B,
hepatitis C, alcohol, and non-alcoholic steatohepatitis) and variable prevalence of EV,
ranging from 23% to 65%[21,24-32]. Across all of these studies, the overall missed HREV
rate has been 2% or less, in keeping with the proposed < 5% threshold defined by
Baveno VI. In these studies, 20% of EGDs could have been saved by applying the
criteria. As is most frequently the case, the most common etiologies across these
multiple studies were viral and alcohol-related cirrhosis. However, a 2018 large multicenter cross-sectional study of 790 patients with cirrhosis due to nonalcoholic fatty
liver disease (NAFLD) demonstrated a HREV miss rate of 0.9% using the Baveno VI
criteria[33]. A subsequent 2019 retrospective cross-sectional study evaluated Baveno VI
in 227 patients with cACLD due to cholestatic liver diseases including primary biliary
cholangitis (PBC) and primary sclerosing cholangitis (PSC), which are mechanistically
distinct in that they may have a pre-sinusoidal component of PH. Baveno VI had a 0%
false negative rate in the prediction of HREV in PBC and PSC[34]. The robustness of the
Baveno VI criteria in ruling out HREV led to its adoption in the AASLD practice
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guidance statement[3].

EXPANDING ON THE BAVENO VI CRITERIA
Noting that the total number of EGDs avoided using the Baveno VI criteria is low
relative to the prevalence of HREV, several studies have attempted to expand the
Baveno VI and improve its discriminatory accuracy by adjusting the LS and PC cutoff
values. Based on 2 large-scale retrospective studies, a PC > 110000/mm3 and LS < 25
kPa was shown to potentially spare up to 40% of EGDs where the Baveno VI criteria
would spare only 20% at an acceptable missed VNT rate of 1.6% (95%CI: 0.7%
-3.5%)[32,35]. This came to be known as the “Expanded Baveno VI criteria” and was
initially shown to maintain a similar missed VNT rate of < 5% across different
subgroups including hepatitis C, alcohol, non-alcoholic steatohepatitis, and
PSC/PBC[32,34,35]. However, a large-scale retrospective study in an Asian population
showed that while the Expanded Baveno VI criteria spared more EGDs compared to
the Baveno VI criteria (51.7% vs 27.6%), it missed an unacceptable number of HREV in
comparison (6.8% vs 3.8%)[30].
Subsequently, a large meta-analysis including 30 studies and 8469 patients
reproduced a similar finding, that although the Expanded Baveno VI criteria could
reduce the proportion of unnecessary EGDs, it would do so at a higher rate of missed
HREVs[31]. Thus, the Expanded Baveno VI criteria are not recommended. LS < 25 kPa
with a PC > 125000/mm3 was evaluated as an alternate expansion of the Baveno VI
criteria and was shown to spare an additional 15% of endoscopies above the Baveno VI
criteria with an acceptable missed HREV rate in a large retrospective study of 442
patients[32] but this was not subsequently validated. This same study looked at PC >
150000/mm3 and model for end stage liver disease 6 as a method of ruling out HREV
but misclassified 10% of patients[32].
Some studies have examined disease-specific cut-offs. A large-scale NAFLD patient
cohort was also used to identify a NAFLD-specific LS and PC cutoff to be applied in a
similar fashion and found that the best thresholds to rule out HREV were PC >
110000/mm3 and either LS < 30 kPa with the medium-sized probe or LS < 25 kPa
using the extra-large probe[33]. They demonstrated that applying these criteria in the
NAFLD population would reduce the number of screening EGDs by almost half with
an acceptable HREV miss rate of < 5%[33]. However, this has not subsequently been
validated and an additional challenge is that LS measurements are less accurate in
obese patients, in fact, TE is not technically feasible in approximately 20% of
patients[36]. One retrospective study of hepatitis B-related compensated cirrhosis
showed that after removing patients meeting Baveno VI criteria, the remaining
patients could be further selected for absence of HREV using LS, PC, or the Lok index
cutoff [- 5.56 – 0.0089 × PC (103/mm3) + 1.26 × (Aspartate Transaminase/Alanine
Aminotransferase) + 5.27 × International Normalized Ratio Lok] = [exp (logodds)]/[1
+ exp (logodds)][27] stratified by alanine aminotransferase and total bilirubin[29]. This
study is specific to hepatitis B and does not put forth a single recommendation but
rather suggests that Baveno VI can be optimized further.

SPLEEN STIFFNESS MEASUREMENT
Portal hypertension leads to splenic congestion which leads to architectural changes in
the splenic arteries and veins, resulting in fibrosis of the spleen and therefore, a rise in
spleen stiffness. Methods for measuring spleen stiffness include shear wave
elastography, TE, and acoustic radiation force impulse imaging. Of these methods,
acoustic radiation force impulse imaging has been studied most frequently because
this method is not limited by the presence of ascites or obesity[37]. Spleen stiffness
measurement (SSM) appears to perform well in the prediction of CSPH: In a
prospective study of 78 patients, SSM was able to diagnose HVPG ≥ 10 mmHg and
HVPG ≥ 12 mmHg with AUROCs of 0.97 and 0.95, respectively[37]. Some studies have
indicated that SSM is superior to LS in diagnosing CSPH[38-40]; however, other studies
provide contrary views[41-43]. According to present literature, it is difficult to determine
which metric is superior.
Several studies have explored SSM in the prediction of EV[40,44-47]. A prospective
study of 135 patients demonstrated that patients with any EV had higher SSM than
those with no EV (3.37 m/s vs 2.79 m/s, P < 0.001); and patients with HREV had an
even greater difference in SSM (3.96 m/s vs 2.93 m/s, P < 0.001)[44]. In addition, at a
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cutoff value of < 3.20 m/s, NPV for excluding HREV was 99%[44]. SSM was therefore
evaluated in 2 prospective studies and demonstrated good diagnostic accuracy for
prediction of any EV, with AUROC of 0.872 to 0.933 at a cutoff of 2.89-3.18 m/s, and
good diagnostic accuracy for the prediction of HREV, with AUROC of 0.930–0.969 at
cutoffs of 3.30 m/s[45,47]. One study demonstrated that the combination of SSM by TE at
a cutoff of ≤ 46 kPa and Baveno VI criteria would have safely spared (0 HREV missed)
37.4% of EGDs compared with only 16.5% when using the Baveno VI criteria alone[24].
In these studies, SSM has demonstrated good performance across different subgroups
including viral, non-viral, and Child B cirrhosis, but these subgroups all used different
SSM cutoffs which complicates translation to clinical practice[45,47]. In subsequent metaanalyses, heterogeneity in the technique of obtaining SSM and in cutoffs used was a
problem and as a result, diagnostic accuracy was not as high[43,46]. Furthermore, SSM is
not widely available at this time and therefore this cannot be recommended on a large
scale.

VIDEO CAPSULE ENDOSCOPY
Video capsule endoscopy (VCE) has been evaluated for the diagnosis of HREV.
However, a Cochrane systematic review of 6 studies could not substantiate VCE as a
non-invasive method of assessing for EV. The pooled sensitivity was 73.7% (95%CI:
52.4%-87.7%) and the pooled specificity was 90.5% (95%CI: 84.1%-94.4%)[48]. It was
concluded that the sensitivity of VCE is not sufficient to replace EGD as a method of
variceal screening in these patients. Given its higher specificity, it was recommended
that it could be considered in patients who refuse or have a contraindication to
EGD[49]. However, this is not likely cost-saving, not widely available, and is still a
procedure requiring endoscopy staff and specialized equipment and with a certain
level of procedural risk (e.g. capsule retention)[48,49].

EVENDO SCORE
Despite the excellent performance characteristics of LS and PC, TE is far from widely
available and therefore there is interest in developing prediction scores independent of
LS. With this in mind, the EVendo score was recently developed and validated in a
multi-center study of 238 patients with cirrhosis. The score was developed using a
machine learning algorithm to identify factors significantly associated with the
presence of EVs and HREVs. The investigators then developed the EVendo score,
which is calculated as follows: [(9.5 × international normalized ratio + aspartate
transaminase/35)/(platelets/150 + blood urea nitrogen/20 + hemoglobin 15)] + 1
point for ascites. This score identified patients with EVs in the training set with an
AUROC of 0.84 and was then validated in an independent prospective cohort with
good performance (AUROC of 0.82 for EV in all patients, AUROC of 0.81 in subgroup
of patients with Child-Pugh A cirrhosis). The score identified patients with HREV in
the training set with an AUROC of 0.74, in the validation set with an AUROC of 0.75,
and in patients with Child-Pugh A cirrhosis with an AUROC of 0.75. An EVendo score
below 3.90 would have spared 30.5% patients from EGDs, missing only 2.8% of VNT
and 40.0% patients with Child-Pugh A cirrhosis from EGDs, missing only 1.1% of
VNT[50].
The EVendo score is advantageous in that it relies on routinely collected laboratory
values, has robust performance characteristics across a broad array of liver disease
etiologies, and can be readily calculated using a published on-line calculator (
https://www.mdcalc.com/evendo-score-esophageal-varices). As such, it is
convenient for clinical use to risk stratify and triage patients with cirrhosis who are
being considered for EV screening (Figure 1). However, further validation in larger
cohorts will be useful to better define its clinical utility and suitability for broader use
(Tables 1 and 2).

CONCLUSION
In summary, the use of non-invasive testing to stratify cACLD patients for screening
endoscopy and individualize care for PH shows promise and will continue to become
more important as the cACLD population grows. However, several important caveats
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Table 1 Test characteristics for noninvasive detection of esophageal varices
Non-invasive test

Sensitivity

Specificity

PPV

NPV

LR (+)

LR (-)

PC/SD

89%-93%

74%-84%

73%

74%

3.5

0.12

TE

84%

62%-68%

2.3-2.58

0.24-0.26

LSPS

94% (LSPS >
5.5)

94% (LSPS <
3.5)

AUROC

0.82-0.84
0.882-0.953

EV prediction score

0.909

SSM

78%-94%

76%-78%

99%

3.4

0.2

0.872-0.933

EVendo

92.3%

65.9%

0.82

Capsule endoscopy

73.7%-83%

84%- 90.5%

0.90

Other noninvasive scores exist and may be used, as shown in Table 1; EVendo score selected based on it having the highest sensitivity, negative predictive
value, and endoscopies saved, though it has not yet been validated outside of the United States. EV: Esophageal varices; PPV: Positive Predictive Value;
NPV: Net present value; AUROC: Area under the receiver operating characteristic; PC/SD: Platelet count to spleen diameter ratio; TE: Transient
elastography; LSPS: Liver stiffness–spleen diameter to platelet ratio; SSM: Spleen stiffness measurement.

Table 2 Test characteristics for noninvasive detection of high risk esophageal varices
Non-invasive
test

Sensitivity

Specificity

PC/SD

85%

66%

TE

78%-82%

76%-77%

PLT/log10LS

100% (< 122000);
86% (< 92000)

Baveno VI

87%-97%

32%-41%

Expanded
Baveno VI

90%

51%

92%-96%

SSM

81%-98%

52%-66%

99.4%

EVendo

100%

49.3%

100%

Capsule
endoscopy

72%-73.7%

90.5%-91%

PPV

NPV

LR (+)

LR (-)

AUROC

HREV
missed

3.03

0.30

0.83

7%

EGDs
saved

0.78-0.83
100% (<
122k); 94% (<
92k)
6%

98%-100%

1.31

2.5

0.39

0.2

0

20.6%; 6.3%

< 2%

20%-27%

6.8%

51%

0.807

2%

35.8%

0.75

2.8%

30.5%

0.746-0.96

0.92

Other noninvasive scores exist and may be used, as shown in Table 2; EVendo score selected based on it having the highest sensitivity, negative predictive
value, and endoscopies saved, though it has not yet been validated outside of the United States. HREV: High risk esophageal varices; PPV: Positive
Predictive Value; NPV: Net present value; AUROC: Area under the receiver operating characteristic; EGD: Endoscopy; PC/SD: Platelet count to spleen
diameter ratio; TE: Transient elastography; PLT: Platelets; LS: Liver stiffness; SSM: Spleen stiffness measurement.

need to be kept in mind.
Non-invasive prediction of EV cannot be applied to patients with decompensated
cirrhosis given the paucity of applicable data and the much higher pre-test probability
of HREV. Although the AASLD guidance statement recommends that patients
meeting Baveno VI criteria can safely avoid screening EGD, there is still uncertainty
regarding follow-up of patients who have been ruled out for HREV. It has been
suggested that these patients can be followed with annual TE and PC and undergo
screening when they no longer meet the Baveno VI criteria. However, long-term
follow-up studies are needed to determine whether this strategy is sufficiently
accurate to identify the development of HREV in someone who was previously at low
risk. There is a lack of randomized controlled trial data to inform the selection of
higher-risk patients by non-invasive methods for variceal screening EGD; while
prospective data exist in this regard, e.g. with the EVendo score[50], further clinical
validation is encouraged. Finally, despite the high performance of TE, there is
considerable interest in developing scores that do not require TE given that it is not
widely available; moreover, its measurement can be affected by several factors
including obesity, ascites, and alcohol use, which may limit its application in advanced
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Figure 1 Proposed algorithm for noninvasive esophageal variceal assessment to risk stratify patients using the EVendo score1. Patients
with known (biopsy-proven) or suspected cirrhosis. Excluded from the original study were patients who: (1) Had a prior upper endoscopy (EGD) for esophageal
variceal screening, surveillance, or treatment; (2) Had a prior EGD that incidentally revealed esophageal varices; (3) Had noncirrhotic etiologies for portal
hypertension; (4) Were on dialysis; or (5) Were on anticoagulants that would affect international normalized ratio. Online calculator and additional guidelines available
here: https://www.mdcalc.com/evendo-score-esophageal-varices. 1Other noninvasive scores exist and may be used, as shown in Tables 1 and 2; EVendo score
selected and shown here based on it having the highest sensitivity, negative predictive value, and EGDs saved, though it has not yet been validated outside of the
United States. EGD: Endoscopy; EV: Esophageal varices.

liver diseases[36], and it is highly operator dependent, requiring completion of 100
examinations for sufficient experience[51]. Lastly, there is uncertainty regarding when
surveillance can be stopped if there is improvement in fibrosis and PH with the
removal of the source of ongoing liver injury (i.e., post-SVR, after abstinence from
alcohol, after weight loss and metabolic improvements). Future research should be
directed at these efforts and areas of uncertainty.
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Abstract
An adequate balance between electrolytes and clear water is of paramount
importance to maintaining physiologic homeostasis. Natremia imbalance and, in
particular, hyponatremia is the most frequent electrolyte abnormality observed in
hospitalized subjects, involving approximately one-fourth of them. Pathological
changes occurring during liver cirrhosis predispose patients to an increased risk
of sodium imbalance, and hypervolemic hyponatremia has been reported in
nearly 50% of subjects with severe liver disease and ascites. Splanchnic
vasodilatation, portal-systemic collaterals’ opening and increased excretion of
vasoactive modulators are all factors impairing clear water handling during liver
cirrhosis. Of concern, sodium imbalance has been consistently reported to be
associated with increased risk of complications and reduced survival in liver
disease patients. In the last decades clinical interest in sodium levels has been also
extended in the field of liver transplantation. Evidence that [Na+] in blood is an
independent risk factor for in-list mortality led to the incorporation of sodium
value in prognostic scores employed for transplant priority, such as model for
end-stage liver disease-Na and UKELD. On the other hand, severe hyponatremic
cirrhotic patients are frequently delisted by transplant centers due to the elevated
risk of mortality after grafting. In this review, we describe in detail the
relationship between sodium imbalance and liver cirrhosis, focusing on its impact
on peritransplant phases. The possible therapeutic approaches, in order to
improve transplant outcome, are also discussed.
Key Words: Sodium imbalance; Liver transplant; Cirrhosis; Vaptan; Transplant list;
Hypervolemic hyponatremia
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.wjgnet.com

919

November 27, 2020

Volume 12

Issue 11

Lenci I et al. Natremia and liver transplantation

p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Gastroenterology
and hepatology

Core Tip: Sodium imbalance represents an important issue in cirrhotic patients. In the
last decades, the impact of altered sodium levels in the peritransplant phases has also
gained a relevant clinical interest. In this review, we examined: (1) The determinants of
an impaired sodium balance in the course of severe liver diseases; (2) The
consequences of sodium imbalance on liver transplant; and (3) The possible corrective
measures for this condition.

Country/Territory of origin: Italy
Peer-review report’s scientific
quality classification
Grade A (Excellent): 0
Grade B (Very good): B, B
Grade C (Good): 0
Grade D (Fair): 0
Grade E (Poor): 0

Received: August 6, 2020
Peer-review started: August 6, 2020
First decision: September 17, 2020
Revised: September 19, 2020
Accepted: September 27, 2020
Article in press: September 27, 2020
Published online: November 27,
2020

P-Reviewer: Dabbous H, Singh SA
S-Editor: Zhang L
L-Editor: Filipodia
P-Editor: Wang LL

Citation: Lenci I, Milana M, Grassi G, Signorello A, Aglitti A, Baiocchi L. Natremia and liver
transplantation: The right amount of salt for a good recipe. World J Hepatol 2020; 12(11): 919930
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/919.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.919

INTRODUCTION
We are all well aware that the human body is composed of a high percentage of water
(approximately 60% by weight), with significant changes among different tissues and
according to sex and age[1-3]. However, when we examine the human physiopathological mechanisms, it would be better to keep in mind that this large fluid mass
is actually composed of “salt” water[4]. The accurate proportion/relationship between
electrolytes and water is of paramount importance to preserve cellular and tissue
homeostasis. Moreover, specific transporters, such as the sodium pump or aquaporin
channels, exist to keep definite gradients of electrolytes and water between the inside
and outside of the cell[5]. Failure to maintain adequate solute concentration (osmolality)
between the intra- and extracellular compartments may affect tonicity, determining
cellular damage for shrinkage or swelling. The accumulation in the cell of sodium
(Na+), the most concentrated cation in extracellular fluid, is prevented by the sodium
pump. For this reason, Na+ is not only the main determinant of plasma osmolality but
it also plays an important role in maintaining isotonicity between the intra- and
extracellular environment[6].
Central regulation of the sodium-water balance and tonicity are obtained by
brain/kidney crosstalk[7,8]. In brief, during physiologic conditions, neurohypophysis
detects hypertonic signals recorded by osmoreceptors and activates vasopressin [i.e.
antidiuretic hormone; antidiuretic hormone (ADH)] release by the pituitary gland.
ADH, in turn, stimulates kidney reabsorption of water, thus reducing
hyperosmolarity. Thirst is also stimulated by osmoreceptors as long as homeostasis is
not reacquired. In hypotonic conditions, the mechanism is the reverse, with decreased
ADH secretion and inhibition of thirst. Despite this fine-tuned regulation of
osmolality, altered sodium serum levels are frequently encountered in clinical practice;
in this case, our attention is usually recalled by the Na+ reported value; however,
changes in plasmatic sodium are more frequently the expression of an impaired water
balance rather than electrolyte increase or loss.
In this review, we examined natremia changes in pathological conditions focusing
on the aspects observed during liver cirrhosis. The consequences of altered sodium
levels on the outcome of patients undergoing liver transplantation (LT) and the
possible corrective measures will also be discussed.

NATREMIA IMBALANCE IN GENERAL PRACTICE
While natremia imbalance should be considered a symptom rather than a disease,
evidence in clinical practice of a plasma sodium concentration lower than 135 or
higher than 145 mEq/L, respectively, defines hypo or hypernatremia. Hyponatremia is
by far the more frequently encountered electrolyte abnormality in hospitalized
patients[9-11]. In a large retrospective study, prevalence of Na+ < 135 mEq/L was 22.1%
and 14.7% in hospitalized and ambulatory patients, respectively[12]. Despite the finding
of hyponatremia, a hypo, hyper or isotonic plasma/cell condition should not be ruled
out since other solutes not able to cross plasma membrane (such as glucose) may
impact tonicity[13,14]. However, hypotonic or dilutional hyponatremia caused by excess
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water intake or impaired kidney water disposal is the most frequent form[14].
Hyponatremia should also be discriminated in the clinic according to the volume of
extracellular fluid in hypo, normo, or hypervolemic forms[15]. In chronic diseases such
as cardiac insufficiency, nephrotic syndrome, or liver cirrhosis, a hypervolemic
hyponatremia is usually present, characterized by edema. Concern exists in
hospitalized patients because of the strict relationship between morbidity/mortality
and hyponatremia[16]. Moreover, an increased risk of mortality, in sodium-deficient
hospitalized patients, seems to be present also for mild reduction of blood [Na+] (130134 mEq/L) and persists also in the 5-year follow-up after discharge[17,18].
With regard to mortality, the most dramatic complications of acute hyponatremia
(also when a too rapid correction of sodium depletion occurs) are considered the
neurologic ones[19,20]. Symptoms of onset are represented by lethargy, vomiting,
headache and confusion, among others, reflecting impairment of the central nervous
system as a consequence of a rapid change of extracellular tonicity exiting in brain
edema and possible demyelination[14]. This condition is characterized by a relevant
morbidity in more than one-third of subjects[21]. However, (1) since this important
complication requires rapid modification of plasma sodium concentration and (2)
considering that an adaptive response to osmotic changes exists in the brain
(constituted mainly by the shift of fluid in the subarachnoid space[22] and loss of solutes
by brain cells[23]), increased overall mortality observed in patients with hyponatremia
does not seem completely explained by neurological involvement. In this perspective,
besides patients in which sodium depletion is the main cause of death, there are others
in whom hyponatremia is only the innocent expression of a chronic severe disease,
thus not eliciting a direct impact (or with just a partial impact) on mortality[24].
Hypernatremia, recognized by a plasma [Na+] > 145 mEq/L (as also stated before),
is a condition with a lower prevalence in comparison with hyponatremia, but it is
associated, like the latter, with significant mortality. While hyponatremia may be
present in different conditions of extracellular fluid tonicity, the hypernatremia is
constantly characterized by a hypertonic plasma[14]. In the pathogenesis of the
increased plasma sodium concentration, an imbalance between clear water and Na+
loss/intake occurs, with concomitant failure of the compensatory systems, including
the brain-kidney axis and the thirst triggering mechanism[25]. Given the important
defense operated by thirst stimulation against hypernatremia, increased plasma
sodium levels usually occur when the sensitivity to central stimuli is absent or greatly
reduced. Therefore, in clinical practice, patients with reduced consciousness, such as
those in an intensive care unit are at major risk for hypernatremia[26-28]. In outpatient
settings increased sodium levels are rarely observed and the main causes are
represented by diarrhea (in elderly and small children), excessive use of diuretic
drugs, diabetes insipidus, and others[25,26].
From all the above, it is clear that complex diagnostic flow charts are sometimes
needed to achieve a correct diagnosis in patients with sodium imbalance. In other
clinical situations, such as in liver cirrhosis, changes in sodium blood levels are instead
characteristic of the disease.

NATREMIA IMBALANCE IN LIVER CIRRHOSIS: IT ALL STARTS HERE
Impaired water handling has long been demonstrated in liver cirrhosis[29]; this is well
documented by the frequent finding of ascites and edema in patients with relevant
liver impairment[30]. Ascites and dilutional hyponatremia are, in liver cirrhosis, the
ending evolution of the same pathological sequence of events. In fact, as an important
step, a hyperdynamic circulation with increased cardiac output and decreased blood
pressure for reduced peripheral vascular resistance develops[31]. Fall of peripheral
resistance, which is not justified by increased requirement of oxygen by tissues, is
clearly evident also by the subject examination usually exhibiting warm extremities,
palmar erythema, spider naevi, and other typical signs. Rearrangement of the systemic
circulation is thought to occur as a response to portal hypertension, stimulating
splanchnic vasodilatation and portal-systemic collaterals’ opening[32]. Vasodilation in
this setting seems to be maintained by the excretion of several modulators[33]. Among
these, nitric oxide has long been identified as of major importance[32,34-36].
Finally, arterial underfilling activates baroreceptors stimulating chronic ADH
release. Increased reabsorption of clear water is then the determinant of fluid
accumulation and hypervolemic hyponatremia in decompensated cirrhosis[37]. A
simplified scheme of events leading to dilutional hyponatremia during cirrhosis is
reported in Figure 1. Considering (1) the constant occurrence of altered clear water
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Figure 1 A simplified scheme including the sequential factors and the organs involved in hypervolemic hyponatremia onset, during
cirrhosis, is depicted. ADH: Antidiuretic hormone; NO: Nitric oxide. ↑: Increase; ↓: Decrease.

handling in the majority of patients with advanced liver disease and (2) in order to
have a more tailored indication on pathological sodium levels in these patients, the
beginning of the threshold limit for hyponatremia in cirrhotic patients was reduced to
[Na+] < 130 mEq/L[38,39].
Detection of persistent hyponatremia in cirrhotic patients represents a worrisome
event because of its relationship with complications and mortality[40,41]. In 2006, a
prospective survey on 997 cirrhotic patients with ascites, coming from 28 worldwide
centers, was performed in order to assess the impact of natremia on the onset of
complications[42]. This study demonstrated a prevalence of hyponatremia (Na+ < 135
mEq/L) of nearly 50%, while 21.6% exhibited a Na+ < 130 mEq/L. Moreover, low
sodium levels were associated with a more severe grade of liver disease (Child-Pugh
C) and an increased risk of major complications, such as hepatic encephalopathy,
hepatorenal syndrome (HRS), and spontaneous bacterial peritonitis, excluding only
gastrointestinal bleeding. Of particular concern is the association between natremia
and HRS. The latter, that is currently diagnosed on the basis of acute kidney injury
criteria (baseline increase of serum creatinine ≥ 0.3 mg/DL and/or ≥ 50% within 48 h),
has, in fact, a recorded mortality higher than 50%[43,44]. HRS is still in search of adequate
medical treatment, and the complex interplay between hyponatremia and HRS are
discussed in detail in a 2015 review by Mohanty et al[45].
Finally, hyponatremia has been demonstrated to impact the health-related quality of
life (HRQL) of cirrhotic patients. This is also observed in the absence of hepatic
encephalopathy[46]. In a study, sodium correction in 21 patients with cirrhosis
determined a statistical improvement in HRQL and cognitive performance in
comparison with the corresponding baseline values[47]. This finding, as also suggested
in an editorial of the same journal, underscored the fact that correction of
hyponatremia in cirrhosis did not correspond to just “treating a number” but to a cure
for several clinical complications, including a reduced HRQL[48].
Hypernatremia is more seldom observed and less studied in cirrhotic patients,
accounting for 2%-5% of cases only[42,49]. It has been described in severely ill patients
after the lactulose-induced loss of fluid or in concomitance with decompensated
diabetes; however, a definite picture of hypernatremia prevalence, morbidity, and
mortality in cirrhosis is not available at present[50,51].
Given the importance of sodium imbalance in liver diseases, with regard to its
relationship with complications and mortality, the attention to sodium was also
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translated in the field of liver transplantation in the last decades. Natremia levels were,
in fact, examined for their possible role as a prognostic factor in the waiting list, as a
predictor of outcome after grafting, and as possible effectors of complications in the
peritransplant phases.

NATREMIA IMBALANCE AND LIVER TRANSPLANTATION
Starting from the new millennium, it was evident in the United States that liver
transplantation should be offered on a “sickest first basis” rather than on-list waiting
time[52]. In this perspective, prognostic scores to forecast a short term decrease in
cirrhotic patients acquired paramount importance in order to select subjects more in
need of a transplant with a consequent reduction of in-list mortality. The model for
end-stage liver disease (MELD) score (calculated on the base of bilirubin, creatinine,
and international normalized ratio values)[53], originally proposed to evaluate 3-mo
liver-related mortality in cirrhotic patients undergoing trans-jugular-portal-systemic
shunt, seemed at that time adequate also for the selection of best liver transplant (LT)
candidates[54,55]. However, assessment of the MELD score in the real LT world
suggested that dynamic evaluation of these parameters or adoption of adjunctive
parameters should determine a better selection of patients for LT[56].
A study on 507 patients evaluated for LT in the United States aimed to find
additional parameters (not included in MELD) indicating short-term mortality[41]. This
research evidenced that persistent ascites and sodium serum levels < 135 mEq/L
represented important predictors of mortality that improved the performance of low
(< 21) MELD score. Since the impact on survival of water imbalance was not captured
by the MELD score and in need to find a possible objective parameter paralleling the
severity of edema, a study was conducted to evaluate the predictive value of MELD
and sodium serum levels in the waiting list for LT[57]. In 554 cirrhotic patients in a
single United States center: (1) A natremia < 126 mEq/L at listing was associated with
an increased (nearly 8 times) risk of death; (2) The estimation of risk based on sodium
levels was independent by MELD score; and (3) The inclusion of Na with MELD
seemed to improve performance in estimating mortality at 3 mo and 6 mo. The role of
sodium levels as an independent factor predicting in-list mortality was then
definitively demonstrated in a very large study with data retrieved from the Organ
Procurement and Transplantation Network database[58]. This research demonstrated a
better graft allocation employing the MELD score and Na+ value together (more
evident for low MELD score), with a possible 7% reduction of mortality in the list
when this scheme was applied to retrospective results.
Further evidence-based studies led to the incorporation of natremia in the MELD
score, giving origin to MELD-Na in the United States and UKELD in the United
Kingdom, respectively[59,60]. Both scores were demonstrated to perform better than the
original MELD at 3 mo and 6 mo[61], even if their superiority was not demonstrated
when evaluating patients with acute liver failure[62]. At present, the importance of
sodium serum level inclusion in the MELD score has also been confirmed in an
updated model undergoing optimization of coefficient bounds[63]. However, some
authors advanced concern in including natremia for LT allocation since this parameter
could be artificially altered in the clinical setting, and its contribution in the MELD
model seems to be limited as well as restricted to low score[64].
Interest in sodium serum levels and LT then rose also with regard to surgical
outcome. In an early retrospective European study on 241 cirrhotic patients
undergoing LT, a prevalence of hyponatremia (< 130 mEq/L) of 8% was found[65].
Hyponatremic patients had ascites in 100% of cases and more severe liver disease
before LT. In the first month after LT, the incidence of neurologic, infectious, or kidney
complications was statistically more frequent in patients transplanted with a [Na+] <
130 mEq/L in comparison with others. This translated into a significant reduction of 3
mo survival (84% vs 95%; P < 0.05). A subsequent United Kingdom multicenter study
reassessed this issue on 5152 patients undergoing LT and in whom pre-transplant
sodium data were available[66]. Patients were stratified according to blood [Na+] in
severely hyponatremic (< 130 mEq/L), hyponatremic (130-134 mEq/L), normal (135145 mEq/L), and hypernatremic > 145 mEq/L. The 3-mo mortality was increased in
patients with sodium < 130 mEq/L, accounting for approximately 15% of cases, while
the impact on mortality of hypernatremia was even more evident, accounting for 25%
of cases. However, the finding of increased sodium levels was 20-times less frequent
than hyponatremia in the study. Finally, patients with sodium serum levels falling
between 130-134 mEq/L did not exhibit a difference in mortality in comparison with
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eunatremic subjects.
Despite the fact that the main cause of death in all groups in the study was
represented by infections, thus evolving in multi-organ failure, the authors suggested
that the occurrence of central nervous system complications was the first trigger
increasing mortality in groups with natremia imbalance. In fact, a previous study
demonstrated that rapid corrective osmotic changes occurring during transplant and
in early postoperative phases might be responsible in patients with deranged sodium
serum levels of pontine and extrapontine myelinolysis[67,68]. Unfortunately, the
occurrence of this complication was not assessed in the study. Prevalence of central
pontine myelinolysis after LT and according to pretransplant natremia levels was then
evaluated in a large United States study[69]. Central pontine myelinolysis was
evidenced in 0.5% of the entire cohort (2175 patients) and was associated with the
presence of hyponatremia. Interestingly in this American study, differently from
previous European data, even if Na+ levels were associated with longer intensive care
unit and in-hospital stay, an increased 90 d mortality after LT was not found.
The possible role of hyponatremia on LT short-term survival was again challenged
by a following United States large study[70]. In this cohort of nearly 20.000 patients,
there was no difference in short-term (90 d) survival after LT between hyponatremic
and normonatremic patients. On the other hand, an important (statistically significant)
reduced survival was observed in hypernatremic (Na+ > 145 mEq/L) subjects. The
interesting discrepancy between the European and American studies does not have a
clear explanation so far. However, it is possible that in European studies: (1)
Hyponatremia was the expression of more severe liver disease; (2) The use of marginal
graft was more largely applied; and (3) Different etiologies of liver diseases (with
worse outcomes) were more represented[70]. More recently, a monocentric study with a
limited number of patients (n = 306) reassessed the issue of natremia and short-term
neurological complications[71]. In this research, while either hypo (< 130 mEq/L) or
hypernatremia (< 145 mEq/L) did not have an effect on short-term survival after LT, a
relationship between the magnitude of sodium levels correction (> 10 mEq/L),
neurological complication, and reduced outcome was observed.

THERAPEUTIC STRATEGIES FOR SODIUM IMBALANCE IN PATIENTS
UNDERGOING LT
As reported above, the general issue of sodium imbalance in cirrhosis acquires
particular importance with regard to patients proceeding toward LT. The management
of hyponatremia in liver disease patients (the most frequent electrolyte alterations
observed) changes widely according to the clinical picture. Acute hypovolemic
hyponatremia (observed for extended diuretic therapy or fluid loss) may be managed
with success by employing sodium and fluid replacement therapy[37]. On the other
hand, treatment of chronic hypervolemic (dilutional) hyponatremia, that represents
the expression of a more general impairment of clear water handling, is complex and
overall results remain unsatisfactory. The heterogeneous management of this
condition by different transplant centers, in the lack of a shared guideline, reflects the
complexity of this pathological alteration and the physicians’ concern. The United
States data show that the majority of LT centers delist patients with Na+ < 120 mEq/L
and that a specific protocol to manage low natremic levels before surgery is adopted in
less than one-third of transplant centers[72]. These findings suggest that the
establishment of an optimal therapy of dilutional hyponatremia in cirrhotic patients
may increment their access to transplants, also reducing in-list mortality and possible
peritransplant complications.
In clinical practice and in this setting, treatment for decreased natremia is a
multistep route to be tailored according to therapy response and target[73]. Low-level
hyponatremia (Na+ < 135; ≥ 130 mEq/L) is not deemed worthy of treating since it is
considered a frequent and harmless feature of severe liver disease. Sodium values
lower than 130 mEq/L may be considered for corrective measures, even if symptoms
are seldom observed above 125 mEq/L. Less aggressive, first-line therapy is
represented by the withholding of diuretic drugs and fluid restriction. An adequate
reduction of fluid intake (1-1.5 L/d) is frequently difficult to obtain because of
compliance issues. When this measure is effective, blood sodium level rises within 2448 h[72,74]. Correction of hypokalemia and administration of albumin may also improve
sodium levels[72-74]. Potassium, when it is administered to restore the normal serum
range, migrates in the cell, shifting sodium in the extracellular space to equilibrate the
net charge concentration. The use of albumin, for sodium correction in cirrhotic

WJH

https://www.wjgnet.com

924

November 27, 2020

Volume 12

Issue 11

Lenci I et al. Natremia and liver transplantation

patients, despite the efficacy, remains more controversial due to the cost and its
transient effect[75]; however, in hyponatremic patients awaiting LT, it seems a
reasonable second-line treatment to reduce possible perisurgical complications after
the failure of fluid restriction.
In a large United States study on cirrhotic hyponatremic (< 130 mEq/L) patients,
albumin administration was statistically associated with normalization of sodium
levels; this, in turn, had a positive effect on 30-d survival[76]. The effect of albumin on
natremia may be related to both its oncotic and non-oncotic (inhibition of vasodilators
release) properties, as underlined in a commentary in the same journal[77].
The possibility to administer hypertonic saline (generally contraindicated in
cirrhotic patients since it increases ascites and edema) may be considered as a
short–term treatment, in the few days preceding LT, in severely hyponatremic
patients. However, drastic changes in sodium serum levels (> 8 mEq/L daily) should
be carefully avoided for the possible onset of significant adverse events in these fragile
patients[73]. In this perspective, it seems reasonable to postpone hypertonic saline
infusion after attempting to correct sodium levels with fluid restriction or albumin
infusion. In fact, the latter strategies are not flawed by significant complications.
Finally, a more complex therapeutic approach includes the use of vaptans; the latter
are specific inhibitors of vasopressin (V)-receptors[78]. Among different V receptors
(V1a, V1b, and V2), the one involved in kidney clear water reabsorption is the V2.
Great interest was raised on V2-vaptans inhibitors (lixivaptan, stavaptan, and
tolvaptam) for their possible beneficial effects in cirrhosis since they seemed to target
the specific physio-pathological mechanisms leading to dilutional hyponatremia and
edema during end-stage liver diseases. Three meta-analyses, focusing on cirrhotic
patients, during the last decade consistently demonstrated correction of natremia and
reduction of ascites and related complications, such as spontaneous bacterial
peritonitis. However, a clear effect on survival was never observed also after a longterm (> 26 wk) follow-up[79-81]. Moreover, a safety warning was released by the Food
and Drug Administration in 2013 to avoid tolvaptan in patients with underlying liver
disease, since increased liver enzymes were observed in 4.4% of patients (significant
alteration in 1%) in a trial on autosomal dominant polycystic kidney disease[82]. On the
other hand, despite the fact that early data on autosomal dominant polycystic kidney
disease evidenced changes in liver biochemistry during vaptans (tolvaptan)
therapy[83], a significant increase in adverse events in cirrhotic patients was never
observed. A more worrisome complication related to V2-specific vaptans use might be
considered the too rapid (> 8 mEq/L day) correction of sodium levels, with possible
neurologic deleterious effect. For this reason, their administration should be decided,
managed, and monitored by expert centers. However, the utility of long-term routine
use of tolvaptan (the only V2-specific oral vaptan available) for chronic hyponatremia
in cirrhotic patients, remains undefined and uncertain since the quick reversal of the
therapeutic effect when treatment is withdrawn and the possible adverse events. For
these reasons, hyponatremia in cirrhosis remains an “off label” indication for this drug
in the majority of countries.
The clinical setting of LT is nevertheless different from the general management of
liver cirrhosis. Sometimes, a patient needing an accelerated LT because of a poor
prognosis may present with severe hyponatremia. This condition exposes the
candidate to a well-recognized risk of neurological complications in the perisurgical
phase and maybe to an “a priori” exclusion from transplant. In this complex and
specific clinical situation, in which possible drug-induced liver toxicity appears
negligible as LT is already required, it seems correct to consider vaptans treatment[72,84].
In this perspective, tolvaptan was experimented for the first time by our group in two
LT candidates presenting with severely reduced sodium levels[85]. These subjects were
in need of an expedited LT (MELD > 30), both with a natremia approaching 120
mEq/L. After the failure of fluid restriction and hypertonic saline administration, they
underwent a short-term (5 d) low-dose (15 mg daily) administration of tolvaptan, with
a rise of sodium levels > 130 mEq/L. The drug administration (after acquisition of an
informed consent due to the risk of increased liver damage) was carefully
followed–up, with frequent testing of liver function parameters and sodium levels, as
the patients were hospitalized in our liver sub-intensive unit. We did not observe any
major changes in patient biochemical tests. One patient was transplanted and the
outcome was uneventful, while the other died of multi-organ failure since an
appropriate graft was not retrievable despite the urgency. Our data demonstrated that
this short-term low-dose administration was effective, safe, and feasible also in the
presence of relevant cholestasis and coagulopathy (both patients had bilirubin > 10
mg/dL and international normalized ratio > 2.5). Our experience was also replicated
in a case report of an LT candidate with a less severe liver impairment (MELD17)[86].
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Finally, a study was undertaken with tolvaptan in LT candidates in order to
improve refractory ascites[87]. Ten patients were treated with a very low dose of
tolvaptan (starting from 3.75 mg/d) together with standard diuretic therapy. Six of
them had a reduction > 1.5 Kg of body weight within 1 wk of treatment. No major
changes were observed with regard to liver function tests or natremic levels.
Also in the lack of unequivocal data and clear guidelines, a possible multi-step
approach to severe hypervolemic hyponatremia, for candidates to expedite LT, is
proposed in Figure 2.

CONCLUSION
Sodium imbalance, and in particular dilutional hyponatremia, is frequently
encountered in patients with severe liver disease. Low sodium levels in cirrhosis
should be considered as the expression of a more complex impairment of water
handling rather than a mere electrolyte deficiency. In this perspective, the scarce
effects of standard maneuvers for natremia correction are not surprising since the ideal
treatment should be targeted to reverse the mechanisms at the base of hyperdynamic
circulation or the increased excretion of nitric oxide and ADH. While waiting for
appropriate medical treatment, sodium imbalance continues to affect survival and to
increase complications in cirrhotic patients. It also sometimes prevents their
transplantability, increasing their list mortality and the complexity of post-transplant
outcomes. A definitive solution to these aspects would be an important achievement in
the future. For the time being, we have to consider that LT represents the most
effective therapy for chronic natremia unbalance in cirrhosis and that hyponatremic
patients are those experiencing the major survival benefit from this procedure[88].
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Figure 2 Proposed algorithm for correction of severe hypervolemic hypernatremia in cirrhotic patients in wait of expedited liver
transplantation. Indications are mainly desumed by small studies or on the base of expert opinion[74-78,86-89]. For vaptan, consider (1) the “off-label” indication and
(2) the warning on tolvaptan liver toxicity limiting its use in patients with liver injury, in some countries. Acquisition of patient informed consent is suggested before
treatment.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is associated with obesity, insulin
resistance and dyslipidaemia and currently is estimated to affect up to a third of
all individuals in developed countries. Current standard of care for patients varies
according to disease stage, but includes lifestyle interventions common insulin
sensitizers, antioxidants and lipid modifiers. However, to date specific therapies
have shown little histological or fibrosis stage improvement in large clinical trials,
and there is still no licensed therapy for NAFLD. Given the high prevalence,
limited treatment options and significant screening costs for the general
population, new treatments are urgently required.
AIM
To assess the potential for inhibition of the amine oxidase enzyme vascular
adhesion protein-1 (VAP-1) to modify hepatic lipid accumulation in NAFLD.
METHODS
We have used immunochemical and qPCR analysis to document expression of
VAP-1 and key functional proteins and transporters across the NAFLD spectrum.
We then utilised hepatocytes in culture and human precision cut liver slices in
concert with selective enzyme activity inhibitors to test the effects of activating the
semicarbazide-sensitive amine oxidase activity of VAP-1 on hepatic lipid uptake
and triglyceride export. A murine model of NAFLD was also used to determine
the consequences of VAP-1 knockout and gene expression arrays were used to
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quantify the effects of VAP-1 activity on key lipid modifying and proinflammatory gene expression.
RESULTS
We confirmed that increasing severity of NAFLD and progression to cirrhosis was
associated with a significant increase in hepatocellular VAP-1 expression.
Hepatocytes in vitro exposed to recombinant VAP-1 and its substrate
methylamine showed increased lipid accumulation as determined by
quantification of Oil Red O uptake. This was recapitulated using hydrogen
peroxide, and lipid accumulation was accompanied by changes in expression of
the lipid transporter molecules FABP3, FATP6, insulin receptor subunits and
PPARα. Human liver tissue exposed to recombinant VAP-1 or substrates for
endo/exogenous VAP-1 produced less triglyceride than untreated tissue and
demonstrated an increase in steatosis. This response could be inhibited by using
bromoethylamine to inhibit the SSAO activity of VAP-1, and mice deficient in
VAP-1/AOC3 also demonstrated reduced steatosis on high fat diet. Exposure of
human liver tissue to methylamine to activate VAP-1 resulted in increased
expression of FABP2 and 4, FATP3-5, caveolin-1, VLDLR, PPARGC1 and genes
associated with the inflammatory response.
CONCLUSION
Our data confirm that the elevations in hepatic VAP-1 expression reported in
nonalcoholic steatohepatitis can contribute to steatosis, metabolic disturbance and
inflammation. This suggests that targeting the semicarbazide sensitive amine
oxidase capacity of VAP-1 may represent a useful adjunct to other therapeutic
strategies in NAFLD.
Key Words: Non-alcoholic fatty liver disease; Hepatocyte; Lipid; Cell biology; Vascular
adhesion protein-1; Steatosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Incidence of non-alcoholic fatty liver disease (NAFLD) is dramatically
increasing worldwide but to date there are no licenced therapies. The challenge remains
management of the diverse pathophysiology from simple steatosis, through
inflammation and fibrosis and the systemic complications of the metabolic syndrome.
Vascular adhesion protein-1 (VAP-1) is an enzyme with proven contributions to
systemic and hepatic glucose handling, inflammation and fibrosis. We now show an
additional role in hepatic steatosis. Thus our important data suggests that targeting the
semicarbazide sensitive amine oxidase capacity of VAP-1 may represent a useful
adjunct to other therapeutic strategies in NAFLD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is associated with obesity, insulin resistance
and dyslipidaemia[1] and currently is estimated to affect up to a third of all individuals
in developed countries[2]. Although a systemic disease, within the liver NAFLD occurs
as a disease spectrum ranging from steatosis alone, to steatohepatitis (NASH) which
ultimately drives the development of significant fibrosis and cirrhosis. Patients with
NAFLD have high mortality and in particular are at increased risk of suffering adverse
cardiovascular events[3]. The current standard of care for management of patients is
stratified according to disease stage, with lifestyle interventions common in simple
steatosis but more extensive clinical intervention using insulin sensitizers, antioxidants
and lipid modifiers in NASH[4]. However, to date specific therapies for NASH such as
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obeticholic acid[5] and apoptosis signal regulating kinase 1 (ASK1) inhibition have
shown little histological or fibrosis stage[6] improvement and there is still no licenced
therapy for NASH. Transplantation is an option in some centres but as NASH will
soon overtake hepatitis C infection as the major indication for liver transplantation, the
demand far outstrips clinical capacity. Given the high prevalence, limited treatment
options and significant cost associated with screening at risk patients, new treatments
are urgently required.
VAP-1 (Semicarbazide Sensitive Amine Oxidase, SSAO, AOC3, EC 1.4.3.6) may
present a novel avenue for therapeutic intervention. This molecule is a transmembrane
protein and member of the copper containing amine oxidase enzyme family that is
sensitive to inhibition by the urea derivative semicarbazide. It is structurally similar to
other copper containing amine oxidases[7] such as lysyl oxidase (LOX). It is expressed
on diverse cells including adipocytes, smooth muscle cells[8] and some endothelial
cells[9], and can be secreted as a soluble protein into serum[10]. Serum concentrations of
VAP-1 increase in obesity[11], diabetes[12,13] and inflammatory liver disease[14] and the
molecule has promise as a serological indicator of disease severity in inflammatory
liver disease[15]. Of note in patients with NASH, serum VAP-1 Levels correlate with
severity of obesity and NASH, and more importantly fibrosis stage[16]. VAP-1 and other
amine oxidase enzymes catalyse the deamination of amines to yield the corresponding
aldehyde and hydrogen peroxide. Thus VAP-1 catalyses the oxidative deamination of
both endogenous (methylamine and aminoacetone)[17] and exogenous (benzylamine)[18]
amines. This enzymatic capacity is key in the context of diabetes and inflammation
since the products of the reaction have been shown to alter glucose uptake[19], and
administration of substrate modifies the effects of insulin[20] and activates NFκB to
drive hepatic inflammation[21]. There is also evidence suggesting that serological lipid
profiles[22] and atheroma risk[23] are linked to VAP-1 activity, since the insulinomimetic
effects of the molecule alter lipid metabolism and storage[24] and prime adipocyte
differentiation and lipolysis[25]. Since transgenic mice overexpressing VAP-1/SSAO
show increased BMI and abdominal fat pad weight if exposed to methylamine[26] it is
likely that VAP-1 contributes to the storage and distribution of lipids in NAFLD. In
support of this recent studies from our group have demonstrated that wild type mice
given an anti-VAP-1 therapeutic antibody, show reduced steatosis on MCD diet[16].
However, to date the mechanisms underlying this response have not been
characterised, particularly in a human context. Therefore, in the current investigation
we aimed to assess the potential for VAP-1 inhibition to modify hepatic lipid
accumulation.

MATERIALS AND METHODS
Human and murine tissue samples
All human tissue used was collected at the Liver and Hepatobiliary Unit, Queen
Elizabeth Hospital, Birmingham, with prior written informed patient consent and local
research ethics committee approval (06/Q702/61). Normal and steatotic donor tissue
was surplus to requirement for transplantation, whilst NASH and ALD tissue was
collected from end-stage fibrotic explanted livers upon transplantation. Tissue was
immediately snap frozen and stored at -80 °C or formalin-fixed and paraffinembedded. For functional assays and generation of tissue slices, tissue samples of
approximately 30 g were cut from the periphery of freshly collected livers and
immediately placed into (DMEM) prior to use.
All mice were maintained and housed under conventional conditions in the
Biomedical Services Unit at the University of Birmingham, United Kingdom. All
animal experiments were performed under a Home Office project license in
accordance with United Kingdom legislation and welfare guidelines, and studies were
approved by the local ethical review board. Male 8-10 wk old WT (Charles Rivers
Laboratories Margate, United Kingdom) or VAP-1-/- mice (AOC3 constitutive KO,
Taconic, Denmark) were fed a high fat diet (HFD, Special Diets Services, Essex, United
Kingdom) for 12 wk. Mice were sacrificed and the liver was removed and immediately
snap frozen and stored at -80 °C for subsequent analysis.

Immunohistochemistry and histological analysis
Haematoxylin and eosin staining was performed on Formalin fixed, paraffin
embedded sections from human or mouse liver using standard protocols. To quantify
lipid content in hepatocytes, fresh frozen tissue sections were incubated in 60%
isopropanol for 5 min followed by Oil Red O reagent for 15 min at room temperature.
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This was tipped off and 60% isopropanol was added for another 5 min. Slides were
washed twice with water and finally mounted using aqueous mountant
(Thermoscientific, Shandon). Sections were imaged using brightfield microscopy and
% staining area was determined using morphometric analysis via Image J software
version 1.42 (NIH), using 5 non-overlapping fields selected at random from each
mouse (at × 20 magnification). 7 mm sections of formalin-fixed or snap frozen human
or murine liver tissue were stained with haematoxylin and eosin or Van Geison’s
stain[27] according to standard protocols. For analysis of VAP-1 expression fixed tissue
sections were stained using standard indirect immunohistochemical methods as
described previously[16].

Generation of precision-cut liver slices
To generate precision-cut liver slices (PCLS), 8 mm tissue cores from fresh tissue
samples were aseptically obtained and placed in DMEM (Invitrogen, United
Kingdom) at 4 °C prior to slicing[28]. A Krumdieck tissue slicer (Alabama Research and
Development, United States) was set up aseptically in a class II microflow tissue safety
hood according to the manufacturers instructions. Tissue cores were placed into the
Krumdieck tissue slicer assembly and aseptic 240 μm thick PCLS were cut with a blade
cycle speed ranging from 20-70/min depending on the type of tissue used (fatty or
normal). PCLS were then immediately transferred to tissue culture media consisting of
Williams E media (Sigma, United Kingdom) supplemented with 2% FCS (Invitrogen,
United Kingdom), 0.1 μmol/L dexamethasone (Sigma, United Kingdom), and 0.5
μmol/L insulin (Novo-Nordisk) unless otherwise noted for specific assays. PCLS were
cultured for up to 48 h ex vivo in static culture at 37 °C in 5% CO2 in a humidified
atmosphere.

Maintenance of Huh7.5 cells
The human hepatoma-derived hepatocyte cell line Huh7.5 was also used in this study.
The cells were seeded in to a T75 cm2 flask (Corning, United Kingdom) cultured in
complete Dulbecco’s modified eagle medium (DMEM, GIBCO®, Invitrogen) containing
2 mmol/L L-Glutamine, 100 U/mL Penicillin and 100 µg/mL Streptomycin (Sigma,
Dorset, United Kingdom). The medium was also supplemented with 10% foetal calf
serum (FCS, Invitrogen, Paisley, United Kingdom) and 1 mL of non-essential amino
acids (GIBCO®, Invitrogen). The cells were maintained in a 5% CO2 humidified
atmosphere at 37 °C.

Assessment of lipid uptake in PCLS or cultured cells after VAP-1 treatment
In order to study the effects of rVAP-1 activity on lipid uptake in an intact organ
culture system, PCLS were cultured in 24 well plates in Williams E media (Sigma,
United Kingdom) supplemented with 2% FCS (Invitrogen, United Kingdom) and 0.1
μmol/L dexamethasone (Sigma, United Kingdom). Insulin was removed from the
culture media unless specifically being studied. Similarly Huh7.5 cells subcultured
into 24 well plates were used to quantify effects of VAP-1 activity on lipid uptake and
retention. PCLS or cells were then treated with SSAO substrates (methylamine 200 μm,
benzylamine 200 μm), recombinant VAP-1 (rVAP-1 500 ng/mL Biotie Therapeutics,
Finland), insulin (0.10 IU), hydrogen peroxide (10 μm) or specific enzyme activity
inhibitors (VAP-1 activity inhibitor 2-bromoethylamine hydrobromide (BEA) 400 μm,
or MOA inhibitor clorgyline 200 μm, MAOB inhibitor pargyline 200 μm, or the lysyl
oxidase inhibitor β-aminopropionitrile BAPN, 250 μm) alone or in combination for 18
h. Media alone was used as the control condition. This was followed by a 6-h
incubation with 0.25 μm palmitic acid. When using cultured Huh7.5 cells, duplicate
plates were treated identically and fixed and stained with Hoechst dye upon
termination of experiment for signal normalisation after treatment.
PCLS or Huh7.5 cells were then stained with Oil Red O to permit lipid
quantification. Here cells or PCLS were fixed briefly in 60% isopropanol for 5 min
followed by a 45 min incubation with Oil Red O solution. After a brief rinse in
isopropanol and water, the Oil Red O reagent was solubilized out of the treated cells in
order for spectrophotometric quantification. Here 300 µL of isopropanol was
incubated in each well on a plate shaker for 5 min. 100 µL of solubilised solution from
each well or isopropanol control was added to triplicate wells in a 96 well falcon plate,
and the plate was read at an absorbance of 500-520 nm. For PCLS signal was expressed
per 500 mg of tissue. For cell enumeration, data from Huh7.5 treated with Oil red O
and Hoechst dye was manipulated to express the amount of Oil red O per 100000 cells.
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Assessment of triglyceride secretion from PCLS
To quantify triglyceride secreted into the culture supernatant of PCLS under different
conditions we used a chromogenic assay (Cayman Chemical Company: Colorimetric
TG assay CAT10010303) according to manufacturer’s instructions.

RNA extraction from human liver tissue
Human liver tissue samples, roughly 2 cm/2 cm, were preserved in RNA later and
stored at -80 °C. To isolate total RNA, blocks were removed from -80 °C storage and
placed on ice, approximately 30 mg of tissue was excised. RNA was also extracted
from treated PCLS and here the PCLS were submerged in buffer RLT + βmercaptoethanol immediately after treatment. Total RNA was isolated from 30 mg
liver tissue using RNeasy kit (Qiagen). Tissue was dissociated in RLT lysis buffer,
placed in gentleMACS™ M Tubes (Miltenyi Biotech) and homogenized by
gentleMACS ™Dissociator using program RNA_01.01. RNA concentration and purity
were measured using a Nanophotometer™ (IMPLEN).

Quantitative real-time PCR
To investigate the relative expression of the major lipid transporters in primary cells
and human liver tissue the Fluidigm® 96.96 Dynamic ArrayTM was used. Taqman
fluorogenic 5’ nuclease assays using gene-specific 5’FAM labeled probes were used in
this array. All RNA samples were diluted to 125 ng/μL and approximately 1 μL of
total RNA was transcribed to cDNA using the superscript TM III first strand synthesis
supermix kit (Invitrogen) according to the manufacturer’s instructions. All cDNA
samples were then preamplified with the TaqMan PreAmp Master Mix (Applied
Biosystems) according to manufacturers instructions. The Preamp thermocycling
parameters were as follows: 95 °C for 10 min, 14 cycles at 95 °C for 15 s followed by 60
°C for 4 min. The PreAmplified template was diluted (at least 1:5 dilution) with 20 μL
of 1 × Tris-EDTA buffer 100 × (Sigma) and stored at -20 °C until further use.

Fluidigm® 96.96 Dynamic ArrayTM Integrated Fluidic Circuit chip preparation
The 96.96 syringes containing 150 μL of control line fluid were gently inserted into the
dynamic array. The plate was then primed for 20 min on the IFC loader (136 × script),
before 5 μL of each sample and probe were dispensed on to the 96.96 dynamic array
on respective inlets on the plate. The plate was loaded on the IFC for 1 h and 30 min on
the load mix (136 ×) script. The plate was then run in the fluidigm for two hours and
10 min. All conditions were run in triplicate for each tissue or cell sample (
Supplementary Table 1).

Statistical analysis
Independent student’s t tests were used to compare means of two samples unless
otherwise stated. Analysis was performed using Graphpad Prizm. For gene array data
results are expressed as mean of five replicate samples per tissue ± SEM run on
triplicate arrays and normalized to pooled endogenous controls (B-actin and GAPDH).
Data was log transformed using 2-delta CT. The relative expression values were used
to calculate fold changes within each matched tissue sample. Thus for each
patient/liver, the mean of the replicates were calculated and expressed as fold change
vs the control condition.

RESULTS
Expression of VAP-1 increases in chronic liver disease
Several studies have previously demonstrated that VAP-1 is expressed on hepatic
cells[29,30] and contributes to inflammation and fibrogenesis[16] in the context of disease.
We wished to confirm its presence in our tissue samples and thus selected livers across
the spectrum of disease from normal tissue, through steatosis to end stage cirrhosis in
NASH. Figure 1A shows example of the typical histological appearance of selected
livers within these categories. Fatty donor material demonstrated predominantly
macrovesicular steatosis with little evidence of inflammation or fibrosis (Figure 1A). In
contrast material from end-stage NASH cirrhosis contained significant lobular and
scar associated inflammation. Van Geison’s staining confirmed the presence of
significant bridging fibrosis and presence of regenerative nodules in the cirrhotic
samples as expected. Histochemical staining with antibody directed against VAP-1
(Figure 1B) confirmed staining was localised predominantly to perivascular structures
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Figure 1 Hepatocellular expression of vascular adhesion protein-1 increases in nonalcoholic steatohepatitis. A: Representative brightfield
images of sections from indicated disease types stained with Hematoxylin and Eosin (left panels) and Van Geison’s Stain (right panels). Original magnification 10 ×,
images representative of multiple fields of view from n = 3 Livers of each disease type. Scale bar is 100 µmol/L; B Immunohistochemical staining for vascular
adhesion protein-1 (VAP-1) in representative acetone fixed frozen sections from normal and nonalcoholic steatohepatitis (NASH) livers. Isotype matched control
antibody was negative (not shown). Fields were captured at 10 × original magnification with inset pictures captured at 40 × original magnification; C: Analysis of VAP1 (AOC3) expression by quantitative qPCR analysis. mRNA expression of AOC3 in whole liver RNA from normal, steatotic, NASH, and alcohol-related cirrhosis (ALD)
livers using fluidigm qPCR array®, run on triplicate arrays. Results are expressed as the mean fold change in gene expression normalized to pooled endogenous
controls β-actin and GAPDH relative to normal livers defined as 1 ± SEM with means from five normal l, four steatotic, three NASH, and four ALD livers. aP < 0.05 or
b
P < 0.01 using a one way ANOVA with Bonferroni correction. NASH: Nonalcoholic steatohepatitis; ALD: Alcohol-related cirrhosis.

in normal liver and that expression increased dramatically in fibrotic tissue and was
localised within fibrotic tissue and sinusoidal areas. QPCR analysis of AOC3 gene
expression confirmed these findings (Figure 1C) with VAP-1 mRNA increasing
significantly in the context of NASH. This was similar to the picture seen in alcoholrelated cirrhosis (ALD, Figure 1C).

Uptake of fatty acids by hepatocytes is increased in the context of VAP-1 activity
Next we used HuH7.5 cells to determine whether the amine oxidase activity of VAP-1
impacts upon hepatocyte lipid handling. Figure 2 shows that exposure of Huh7.5 cells
to Oleic acid for 18 h, leads to accumulation of lipid within the cells that can be
extracted and quantified or visualised using Oil red O (Figure 2A). Co-incubation of
cells with recombinant Vap-1 and its substrate methylamine, increased uptake whilst
methylamine alone had no effect. Importantly addition of exogenous H2O2 the recreate
the generation via the SSAO activity of VAP-1 recapitulated the response (Figure 2B).
We also used qPCR arrays to determine the consequences of oleic acid uptake on gene
expression by Huh7.5 cells. Figure 2C shows that we observed notable changes in
expression of genes linked to lipid transport and partitioning (FABP3, FATP6), and
lipid metabolism (PPARA and PPARg) after treatment. To test if the same response
would occur in primary hepatocytes we utilised precision cut liver tissue. Slices of
approximately 250um thickness were generated from donor liver tissue, and
reproducibility of cutting and viability in culture were confirmed (Supplementary
Figure 1). PCLS exposed to OA for 24 h maintained morphological integrity and
accumulated lipid within hepatocytes (Supplementary Figure 2B). As there was a
gradual decline in viability over time, all experiments were performed on PCLS
cultured for a maximum of 24 h. Figure 3A shows quantification of triglyceride content
in supernatant from treated slices and reveals that exposure of liver tissue to
methylamine, VAP-1 or H2O2 led to a reduction in triglyceride secretion (Figure 3A)
Exposure of cultured normal human liver tissue to VAP-1 also induced a modest but
significant lipid accumulation (Figure 3B). In agreement with our data with HuH7.5
cells, exposure to substrate for the SSAO activity of VAP-1 in the form of methylamine
also increased lipid accumulation in tissue. However, addition of exogenous
recombinant VAP-1 and methylamine resulted in the most dramatic increase.
Bromoethylamine (VAP-1 inhibitor) reduced accumulation to control levels, whilst
inhibitors of other monoamine oxidases A and B (MAOA and MAOB) did not reduce
the uptake seen in the presence of VAP-1 plus substrate. We did note however that use
of the lysyl oxidase inhibitor β-aminopropionitrile also reduced lipid accumulation.
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Figure 2 Exposure of Huh7.5 cells to products of vascular adhesion protein-1 enzyme activity leads to lipid accumulation and gene
expression changes. A: Representative phase contrast images of confluent control Huh7.5 (left) or cells pretreated with 250 μm Oleic Acid for 6 h. All wells were
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fixed and stained with Oil Red O, and images were captured at 40 × original magnification (representative of n = 3 samples per condition). Bar is 50 mm; B:
Quantification of oleic acid accumulation after vascular adhesion protein-1 (VAP-1) stimulation. Huh7.5 were pretreated with either methylamine (200 μm) alone, or in
combination with recombinant VAP-1 (500 ng/mL) or H2O2 (10 μmol/L), for approximately 18 h. This was followed by incubation for 6 h with 250 μm OA. Cells were
fixed and stained with Oil Red O and solubilized. Signal is expressed in arbitrary units. Data are mean ± SEM of triplicate experiments; C: Analysis of mRNA
expression in HuH7.5 cells after exposure to oleic acid by quantitative qPCR analysis. mRNA expression for indicated genes was assessed using fluidigm qPCR
array® according to manufacturer’s instructions. Data is expressed as fold changes in relative gene expression compared to pooled housekeeping genes in control
(untreated cells). Data are representative of triplicate conditions run on triplicate gene array plates.

Mice deficient in VAP-1 show reduced hepatic steatosis on high fat diet.
To confirm our observation that VAP-1 contributes to hepatic lipid accumulation in a
more physiological context we utilised mice deficient in SSAO activity and exposed
them to a high fat diet for 12 wk. Figure 3C shows that whilst wild type livers
demonstrated extensive macrovesicular hepatic steatosis, this was significantly
reduced in SSAO knockout animals. Thus Oil Red O staining quantification showed a
significant decrease in knockout animals after 12 wk on diet.

SSAO activity alters expression of hepatic lipid transporters
Finally, in order to determine the possible molecular mechanism of our response we
assessed changes in lipid transporter and key metabolic response gene expression
following exposure of liver tissue to SSAO substrate. We documented the baseline
expression of transporter molecule RNA in normal, steatotic and NASH cirrhotic livers
(Supplementary Figure 2). Simple steatosis was associated with modest changes in
members of the FABP, and FATP families. In contrast the development of NASH or
alcohol related cirrhosis was associated with more profound increases in transporter
expression along with changes in proinflammatory mediators and signalling
molecules (Supplementary Figure 2). We next used precision cut liver slices used to
assess the impact of SSAO activity on transporter molecule gene expression and noted
that there were indeed selective changes in expression. Figure 4 shows that in general
activation of the endogenous enzymatic capacity of VAP-1within tissue resulted in a
modest but significant upregulation of lipid transporter molecules with the notable
examples of FABP2, and 4 in addition to FATP4 and 5. We also report increased
expression of caveolin 1, VLDLR, IRS1, VEGFc and PPARGC1 (Figure 4 and
Supplementary Tables 2 and 3).

DISCUSSION
Recent evidence has implicated the semicarbazide sensitive amine oxidase VAP-1 as a
potential therapeutic target in metabolic[23] and liver disease[16] and indicate that levels
of soluble VAP-1 in serum[15,31-33] have value as a prognostic marker. We have
previously demonstrated that VAP-1 function supports key pathophysiological
processes in the progression from NAFLD to NASH through its contribution to
glucose homeostasis[34] hepatic inflammation[18,29,30] and fibrosis[16]. In this study we
suggest that VAP-1 expression in the human liver is not significantly changed by
steatosis, which is similar to the reported similarity in SSAO activity in adipose tissue
in obese vs lean individuals[35]. However we note a profound increase in hepatic
expression of VAP-1 in NASH and other cirrhotic disease in agreement with previous
evidence[16,19,33]. We have also previously demonstrated that induction of hepatic
steatohepatitis in murine models, leads to increased hepatic VAP-1 expression[16].
There are well described roles of VAP-1 in supporting leukocyte[30,36] and particularly
monocyte[23,29] recruitment into tissue, and studies suggesting that inhibition of hepatic
monocyte recruitment improves steatohepatitis and fibrosis[37]. Thus targeting VAP-1
may have effects on multiple contributing pathways in the pathogenesis of NAFLD.
One of the hallmarks of NAFLD is the presence of hepatic steatosis which is driven
by increased abundance of free fatty acids from diet and adipocytes[38] and as a
consequence of hepatic de novo lipogenesis[39]. In particular accumulation of the
saturated free fatty acid palmitic acid (PA) is associated with disease progression[40]
and hepatocyte lipotoxicity, which are a precursor to development of inflammation
and fibrosis in NASH. We saw evidence of steatosis in Huh7.5 cells after exposure to
OA (Figure 2), but no significant effect of exposure to methylamine, a substrate for
VAP-1. Whilst this amine has been widely demonstrated to drive lipid accumulation
and differentiation in adipocytes[41,42], the lack of response here likely reflects the
absence of VAP-1 expression in this cell line. However, the combination of
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Figure 3 Activation of vascular adhesion protein-1 enzyme activity results in reduced triglyceride export and increased steatosis in
human liver tissue and VAP-1/AOC3 knockout protects against high fat diet induced steatosis in mice. A: PCLS were pretreated with either,
methylamine 200 μm, vascular adhesion protein-1 (VAP-1) 500 ng, H2O2 10 μmol/L, or a combination of methylamine + VAP-1, benzylamine+VAP-1 for approximately
18 h and then 6 h with 250 μm fatty acid. Supernatants were collected after treatments and triglyceride secretion was quantified using a commercial assay (Cayman
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Chemical Company) according to manufacturer’s instructions. Data are triplicate samples from n = 2 normal livers ± SEM. P < 0.01 for all using a one way ANOVA;
B: Lipid uptake in PCLS from normal liver tissue pretreated with either methylamine 200 μm, and rVAP1 500 ng/mL alone or in combination, or, H2O2 10 μmol/L.
Some slices were exposed to the combination of methylamine and VAP-1 plus selective enzyme inhibitors: Bromoethylamine (VAP-1 inhibitor 400 μm), βaminopropionitrile (lysyl oxidase inhibitor, BAPN 250 μm) or the Monoamine oxidase A and B inhibitors Clorgylline and Pargylline (both at 200 μm). After
approximately 18 h incubation, slices were exposed to 250 μm oleic acid for 6 h. PCLS were fixed and stained with Oil RedO, which was solubilized and signal
normalized to per 500 mg of tissue. Data are mean of triplicate samples from n = 2 normal livers ± SEM. Significance expressed as eP < 0.001 in one way ANOVA
with Tukeys correction for multiple comparisons; C: Left - Accumulation of lipid in WT and VAP-1 KO mice fed on a high fat diet for 12 wk. 7um cryosections from WT
and VAP-1 KO mouse livers were stained with ORO, which was then solubilized and signal expressed relative to protein concentration for each group of mice, Data
are mean ± SEM of three mice per group. Significance expressed as bP < 0.01 one way ANOVA. Right – representative brightfield microscopy images of Oil red O
stained cryosections from WT and VAP-1 KO mice.

recombinant VAP-1 and methylamine induced an accumulation of lipid in these cells.
This is likely linked to peroxide generation as a consequence of amine oxidase activity,
since addition of exogenous hydrogen peroxide recapitulated the response (Figure 2)
and the effect was reduced in the presence of bromoethylamine but not MAOA or B
inhibitor (clorgylline and pargyline). Hydrogen peroxide is a known adipocyte
lipolysis inhibitor[43], and insulin mimic which increases hepatic glucose uptake[19].
Thus enhanced lipid accumulation within our cells in culture may reflect increased
free fatty acid and glucose uptake and reduced lipolysis and export. In support of this
concept we performed additional experiments using precision cut liver tissue slices.
Here an endogenous supply of both VAP-1 and physiological amines would be
present. Once again the administration of oleic acid induced a modest hepatocytespecific lipid accumulation, but we also confirmed that methylamine induced lipid
accumulation within the tissue, most likely due to activation of endogenous VAP-1.
Similar results have been reported in vivo where benzylamine increases adipose tissue
fat deposition in diabetic rats[44], and transgenic mice overexpressing VAP-1/SSAO
supplemented with methylamine have increased BMI and abdominal fat pad weight[26]
however this is the first observation in human liver tissue. Interestingly addition of
exogenous VAP-1 caused a profound steatosis, suggesting the presence of exogenous
substrates within tissue such as tyramine, histamine or dopamine[45]. When both VAP-1
+ MA were added, the stimulatory effect was less marked which may suggest
preferential or competitive use of methylamine or benzylamine over endogenous
substrates. This also suggests the endogenous substrates may have multiple or more
potent effects. In agreement Salmi et al[46], have shown that addition of BA reduces
VAP-1-dependent lymphocyte binding to endothelial cells. Thus they suggested BA
was a competitor for an endogenous substrate for VAP-1[46]. Regardless of substrate
specificity, the observation that BEA specifically inhibited the MA/BA + VAP-1 effect,
and that H2O2 recapitulates the response confirms that VAP-1/SSAO alters lipid
accumulation in PCLS. We also observed reduced triglyceride export from treated
slices in the context of VAP-1 activation which suggests that net accumulation of lipid
is linked to both increased FFA uptake and reduced triglyceride export.
Our studies with mice deficient in VAP-1 suggested that this protected the animals
from hepatic steatosis induced by high-fat diet exposure. To explain this, and our
reductions in TG export and increased steatosis when SSAO activity was primed, we
performed PCR arrays on cultured cells and liver tissue slices to quantify changes in
expression of key lipid transporters and proinflammatory molecules. This also shed
light on mechanisms which underpin the characteristic insulin resistance and altered
sugar handling that are also a feature of metabolic syndrome and have previously
been attributed at least in part to VAP-1 activity[8,47,48]. Our baseline analysis of liver
tissue across the spectrum of NAFLD (Supplementary Figure 2) confirmed increasing
dysregulation of insulin responses, PPAR activity and lipid transport and
metabolism[49] as disease progresses, in keeping with altered fatty acid partitioning and
binding, and lipolysis. For example FATP6 is known to play a role in the uptake of
long chain fatty acids such as oleic and palmitic acid[50] and as such our increased
expression in oleic acid exposed hepatocytes, or methylamine treated PCLS makes
sense. Similarly, CD36 increases on hepatocytes during diet induced obesity in rodent
models, and correlates with extent of hepatic triglyceride storage and secretion[51]. We
observed increased RNA expression in liver samples from patients with steatosis in
NASH and ALD. In conditions of lipid excess, this transmembrane scavenger receptor
can operate to transport long chain fatty acids into the cell for transition into lipid
droplets or use as an energy source. Mice with CD36-deficient hepatocytes are
protected from high fat diet induced hepatic steatosis and have improved insulin
sensitivity[52]. Thus our altered CD36 expression in diseased liver tissue may reflect a
compensatory response to nutrient excess.
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Figure 4 Exposure of precision-cut liver slices from human donor liver tissue cells to substrate for vascular adhesion protein-1 enzyme
activity leads to gene expression changes. Precision-cut liver slices were treated with methylamine 200 μm for approximately 4.5 h. RNA was extracted and
mRNA expression was carried out using a fluidigm qPCR array® run on triplicate arrays. Results are expressed as the mean fold change in gene expression
normalized to pooled endogenous controls β-actin and GAPDH relative to untreated control livers. Data are indicative of triplicate arrays prepared from 2 donor livers.
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The dramatic upregulation of FABP2 on steatotic tissue slices after even a short
exposure to methylamine is in agreement with studies suggesting that FABP2
upregulation on cell lines is associated with reduced lipoprotein export. FABP4 was
also increased in both treated cells and slices and was particularly elevated in NASH[49]
and ALD liver tissue. FABP4 is shed from adipose tissue and plasma FABP4 Levels are
considered an early indicator in the development of the metabolic syndrome[53]. Given
the reported regulation of adipocyte FABP4 expression by PPARα[54], and the
acquisition of an adipocyte-like phenotype by hepatocytes during steatotic liver injury
this may also relate to PPARα activation[55] following VAP-1 engagement. Thus it is
possible that similar regulatory mechanisms govern expression of FABP4 in
hepatocytes. Increasing clinical evidence for targeting hepatic fat metabolism via PPAR
blockade[56] is in keeping with our elevated expression in diseased tissue and after
priming of VAP-1 activity in vitro.
We also noted early changes in expression of mRNA for Caveolin-1, an integral
membrane protein found in caveoli that has been linked to formation and function of
these intracellular structures[57]. In particular the molecule has been linked to insulin
signalling and translocation of GLUT4 to the cell membrane[19], and is increased during
adipogenesis[58]. Our reported increases in treated PCLS and diseased liver fit with the
ability of hydrogen peroxide generated as a consequence of the enzyme activity of
VAP-1 to prime uptake of glucose as a fuel for de novo lipogenesis. Our reported
alterations in insulin receptor subunit expression are also suggestive of altered insulindependent responses in NAFLD and fit with the changes in insulin receptor
expression when tissue slices are exposed to methylamine. Importantly the changes in
gene expression reported in our tissue slice studies, occurred after a relatively short
period of in vitro VAP-1 activation (4.5 h). Thus it is perhaps not surprising that we see
only small but significant magnitude changes in expression of genes involved in the
early stages of nutrient handling such as FABP2, VLDLR, caveolin and Insulin receptor
subunits at this timepoint. We also note that it would be important to utilize specific
VAP-1 inhibitors such as semicarbazide or bromoethylamine to confirm that the gene
expression changes we report when cells and tissue slices are exposed to methylamine
do indeed relate to its specific metabolism by VAP-1.
The contribution of other amine oxidase enzymes was tested through addition of
BAPN, Clorgylline or Pargylline in combination with MA/BA + VAP-1. These
inhibitors did not lead to inhibition of lipid accumulation, and if anything caused an
increase. We observed the same effect in Huh7.5 exposed to methylamine (Figure 2)
suggesting substrate, and possibly cell-specific effects of inhibitors. Interestingly when
clorgylline and pargyline were added in combination with exogenouse VAP-1 we
observed an increase in lipid accumulation compared to OA alone. This may suggest
that monoamine oxidase blockade leads to upregulation of VAP-1 activity, or these
inhibitors may be causing allosteric effects in VAP-1 thus increasing enzyme activity
and lipid accumulation. Of note, presence of the LOX inhibitor BAPN did alter liver
lipid accumulation when VAP-1 and methylamine were also present. Since
administration of BAPN does not reduce weight gain in atherogenic rat models[59] it is
unlikely that LOX has a significant role in systemic lipid handling. There are also
reports suggesting that this agent is not specific for LOX and may also have a
moderate inhibitory effect on VAP-1 in some cells[41,60]. Thus our response may reflect
SSAO inhibition by BAPN. However oxidation of lysine by LOX leads to collagen and
elastin crosslinking and ECM remodelling, and thus increased expression in fibrotic
NASH livers is in keeping with previous reports of increases on hepatic stellate cells
and myofibroblasts in disease[61], and antifibrotic benefit of lysyl oxidase blockade[62].

CONCLUSION
Thus, in conclusion we have used human and murine model systems to demonstrate
that metabolic features of NAFLD, linked to altered glucose and insulin responses,
steatosis and lipid uptake and altered triglyceride export are all influenced by the
amine oxidase activity of VAP-1. These findings are summarized in Figure 5. In light
of previous evidence showing that VAP-1 also plays a role in M2 macrophage
infiltration[63] and IL-1b function in steatosis, has roles in atheroma development[23] and
influences hepatic inflammation and fibrogenesis[16] we would argue that the increased
pharmaceutical interest in amine oxidase inhibitors is well placed[64].
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Figure 5 Graphical summary the impact of vascular adhesion protein-1 on the hepatic pathogenesis of non-alcoholic fatty liver disease.
Exposure of human liver tissue or hepatocytes in culture to vascular adhesion protein-1 (VAP-1) in the presence of endogenous or exogenous (methylamine)
substrate led to a reduction in TG export and increased steatosis. In tissue this was accompanied by changes in metabolic gene expression. VAP-1 deficient mice are
protected against hepatic steatosis when fed a high fat diet. These findings can be explained by the enzymatic capacity of VAP-1 to reduce amine substrates to the
corresponding aldehyde accompanied by generation of potent signaling molecules such as hydrogen peroxide. Addition of hydrogen peroxide to our culture systems
recapitulated the effects of VAP-1 activation. Our previous studies suggest that increased inflammation, steatosis and fibrosis in the context of non-alcoholic fatty liver
disease in part relate to the ability of VAP-1 to support leukocyte recruitment across endothelial cells, to prime hepatic glucose uptake and to activate hepatic stellate
cells. We now show additional effects on transcription of key lipid transporter molecules and transcription factors. The upregulation of FABP4, FABP2, FATP3-5 and
LRP1 along with the VLDLR which alter uptake and intracellular targeting of lipid molecules, Transport of fatty acids to the nucleus by receptors such as FABP2 will
also activate nuclear receptors such as PPARs and NF-κB, hence influencing gene transcription. VAP-1: Vascular adhesion protein-1; HFD: High fat diet.
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ARTICLE HIGHLIGHTS
Research background
Current standard of care for non-alcoholic fatty liver disease (NAFLD) patients varies
according to disease stage, but includes lifestyle interventions common insulin
sensitizers, antioxidants and lipid modifiers. However, to date specific therapies for
have shown little histological or fibrosis stage improvement in large clinical trials and
there is still no licensed therapy for NAFLD. Given the high prevalence, limited
treatment options and significant screening costs for the general population, new
treatments are urgently required.

Research motivation
Vascular adhesion protein-1 (VAP-1) is an enzyme with proven contributions to
systemic and hepatic glucose handling, inflammation and fibrosis. We now show an
additional role in hepatic steatosis.

Research objectives
In the current investigation, we aimed to assess the potential for inhibition of the
amine oxidase enzyme VAP-1 to modify hepatic lipid accumulation in NAFLD.

Research methods
We have used a combination of human cell cultures, a murine model and human
precision cut liver slices to understand the contribution of the semicarbazide sensitive
amine oxidase enzyme VAP-1 to lipid handling in NAFLD. This molecule is of
increasing therapeutic interest due to its ability to regulate hepatic inflammation and
fibrosis.

Research results
VAP-1 increases lipid accumulation and reduces triglyceride export by hepatocytes.
This is linked to alterations in expression of key lipid transporters including FABP1, 2
and 4, FATP2-5 and LRP1 and key regulators such as PPARα. In agreement, VAP-1
deficient mice are protected against steatosis on high fat diet.

Research conclusions
We suggest the multifaceted effects of VAP-1 within the liver in NAFLD make it an
interesting target for pharmacological intervention.

Research perspectives
We would argue that the increased pharmaceutical interest in amine oxidase inhibitors
is well placed.
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Abstract
BACKGROUND
Aceclofenac (ACF), a widely used nonsteroidal anti-inflammatory drug, has been
associated with a number of severe cases of clinical hepatotoxicity. Terminalia
bellirica, an evergreen tree, is known to have several ethnomedicinal uses
including antioxidant and hepatoprotective effects. Hence T. bellirica fruit extracts
and its phytoconstituent ellagic acid (EA) are expected to provide protection
against oxidative stress and liver damage produced by long-term use of ACF.
AIM
To evaluate the antioxidant and hepatoprotective activities of T. bellirica fruit
extracts and EA against ACF-induced toxicity in albino Wistar rats.
METHODS
The in vitro antioxidant activities of T. bellirica fruit ethyl acetate and aqueous
extracts were measured by metal ion chelation and nitric oxide radical scavenging
assays. The in vivo antioxidant and hepatoprotective effects of T. bellirica extracts
(200 mg/kg) and EA (40 mg/kg) in ACF-induced hepatotoxic rats were assessed
in serum and liver tissue after oral administration for 21 d. Silymarin (40 mg/kg)
was used as a standard control. Oxidative stress markers in the blood (ferric
reducing ability of plasma and lipid peroxidation inhibition) and liver tissues
(superoxide dismutase, catalase and malondialdehyde) were analyzed using
standard protocols. Liver function markers such as alkaline phosphatase, glutamic
pyruvic transaminase, glutamic oxaloacetic transaminase, lactate dehydrogenase,
γ-glutamyl transferase, creatinine, total protein, and uric acid were evaluated in
rat serum.
RESULTS
The T. bellirica fruit ethyl acetate extract exhibited superior metal ion chelating
and nitric oxide radical scavenging abilities during in vitro antioxidant assays as
compared to aqueous extracts. Oral administration of ACF in rats (15 mg/kg) for
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21 d produced oxidative stress and adversely affected liver function suggesting
liver injury. Treatment with extracts (ethyl acetate and aqueous), EA and
silymarin accounted for a significant reduction in the adverse effects of ACF on
oxidative stress and liver function markers in serum and hepatic tissue in rats.
Histopathological evaluation of the liver indicated that the extracts and EA
significantly decreased the degree of liver damage. The in vivo efficacy of EA was
higher than T. bellirica fruit extracts. Of these extracts, ethyl acetate extract
revealed comparatively better antioxidant and hepatoprotective activity.
CONCLUSION
Ellagic acid and T. bellirica fruit extracts exhibited considerable hepatoprotective
and antioxidant activities in long-term ACF-treated rats.
Key Words: Terminalia bellirica; Ellagic acid; Aceclofenac; Hepatotoxicity; Antioxidant;
Histopathology
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INTRODUCTION
Oxidative stress is characterized as disparity between the free radical generation and
antioxidant defense mechanisms. As a consequence, free radicals attack biomolecules
including lipids, proteins and DNA, thus leading to the development of various
ailments at cellular and organ levels which ultimately precipitate in a disease etiology
viz., hepatotoxicity, inflammation, cancer, diabetes, cardiovascular, and
neurodegenerative disorders etc.[1,2]. Oxidative stress not only causes DNA damage,
lipid peroxidation, and protein oxidation but also produces interference in the
physiologic adaptation phenomenon and regulation of intracellular signal
transduction mechanisms[3]. Antioxidants (enzymatic and non-enzymatic) existing in
the living system are typically effective in neutralizing the adverse effects of free
radicals. Numerous synthetic antioxidants are presently used in several food and
pharmaceutical sectors although they are reported to produce toxicity. Hence, there is
a growing demand from consumers for the utilization of natural antioxidants due to
their virtuous efficacy and fewer side effects on health[4,5].
Nonsteroidal anti-inflammatory drugs (NSAIDs) are frequently recommended for
the management of pain and inflammatory conditions. They obstruct the activity of
cyclooxygenase-1 and -2 enzymes[6]. Aceclofenac (ACF), an established NSAID, is a
phenylacetic acid derivative and chemically termed 2-[(2´,6´-dichlorophenyl) amino]
phenylacetoxyacetic acid. In humans, ACF is metabolized to 4’-hydroxyaceclofenac via
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cytochrome P450 2C9b (CYP2C9)[7]. ACF has been shown to arouse selective inhibition
of COX-2 as a consequence of limited and continued biotransformation to diclofenac[8].
Prolonged administration of ACF harms gastrointestinal mucosa by irritant action,
affecting mucosal permeability and/or prevention of prostaglandin synthesis.
Moreover, it exhibits analgesic, antipyretic, and anti-inflammatory activities, and
inhibits the arachidonic acid pathway. In addition, prolonged consumption of ACF is
associated with upper gastrointestinal complications, mainly perforated and bleeding
peptic ulcer[9]. Previous studies on NSAIDs documented that they have adverse effects
on the liver; but the incidence of these side effects is inconclusive. However, studies
related to ACF-induced liver injuries are very limited.
Silymarin (SLM) is a polyphenolic flavonoid extracted from the fruit and seed of
Silybum marianum (milk thistle). It is a well-recognized therapeutic agent for hepatic
injury and has been used in the treatment of liver cirrhosis and severe hepatitis. SLM is
also useful in the mitigation of damage inflicted by toxic compounds[10]. SLM has been
shown to provide protection against hepatic, renal, neuronal, and gastric injury[11]. The
hepatoprotective potential of SLM is related to its stabilizing action on cytoplasmic
membranes[12]. Studies on different animal models have unveiled the notable
therapeutic action of SLM on hepatic injury of diverse etiology[13].
Terminalia bellirica Roxb. (Combretaceae) is a perennial plant widely found in
tropical regions and frequently observed in South-East Asia[14]. Its fruit has been used
in various ailments in the indigenous medical system to cure cough, asthma, diarrhea,
dyspepsia, anemia, cancer, fever and inflammation, and to promote rejuvenation[15,16].
It is one of the ingredients in “Triphala”, an ayurvedic formulation rich in antioxidants
which is believed to promote health, immunity and longevity[17], and is used for the
treatment of various disorders including fever, constipation, chronic ulcers, anemia,
asthma and jaundice[18]. Chemical profiling of T. bellirica fruit revealed that gallic acid
was one of the major active components of the fruit (2.6 mg/g of total polyphenols).
However, other phytochemicals such as ellagic acid, ethyl gallate, chebulagic acid and
β-sitosterol have also been reported to be present in noteworthy concentrations[19,20]. T.
bellirica fruit has been scientifically proven to possess antibacterial, antifungal,
antioxidant, antidiabetic and hepatoprotective effects[21,22]. The combination of three
lignans and a flavan from T. bellirica fruit extract showed significant anti-HIV, antimalarial and antifungal activity in vitro [23]. Ellagic acid (EA) is a polyphenolic
compound present in T. bellirica fruit in a considerable amount (1.3-2.2 mg/g of total
polyphenols), and has been studied extensively due to its medicinal attributes[24,25]. The
antioxidant effect of EA is attributed to its free radical scavenging and metal ion
chelating abilities, along with enhancement of cellular antioxidant defense. EA also
protects cells from free radical-mediated DNA damage[26,27]. However, there are no
reports on the therapeutic potential of T. bellirica fruit extracts and EA as a
hepatoprotectant against ACF-induced toxicity. The present study reports the
antioxidant and hepatoprotective activities of T. bellirica fruit ethyl acetate (Eth) and
aqueous (AQ) extracts as well as EA against ACF-induced oxidative stress and
hepatotoxicity. To the best of our knowledge, this is the first study to assess the
antioxidant and hepatoprotective effects of T. bellirica fruit extracts (Eth and AQ) and
EA against ACF-induced liver injury in albino Wistar rats.

MATERIALS AND METHODS
Chemicals
Silymarin (Sigma), ellagic acid (Himedia Laboratories Pvt Ltd.), aceclofenac (Ipca
Laboratory), ferrozine, ferric chloride, sodium nitroprusside, sulfanilamide,
napthyldiamine, phosphoric acid, potassium chloride, and ferrous sulfate (Sisco
Research Laboratory (SRL) Pvt. Ltd.) were procured from scientific suppliers.
Biochemical kits for estimation of creatinine, uric acid, total protein, and serum
enzymes (GPT, ALP, GOT, LDH, GGT) were purchased from Erba Transasia Biomedicals Ltd. All other laboratory chemicals such as dimethyl sulfoxide,
trichloroacetic acid, thiobarbituric acid, bovine serum albumin, butylated
hydroxyanisole, sodium hydroxide, and hydrogen peroxide were also procured from
SRL, India.

Collection of plant fruits and their extraction
Fruits of T. bellirica were bought from Prayagraj local market and ground into a fine
powder. A total of 100 g fruit powder was sequentially extracted with ethyl acetate
and water in Soxhlet apparatus[28]. The extract was dried under reduced pressure.
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Experimental animals
Wistar rats (either sex) of a similar age group (weight 150-200 g) were used in the
experiments. They were maintained in a temperature (24 ± 2°C) and humidity (40% ±
5%) controlled environment with a 12 h light/dark cycle. Rats were provided with a
standard rodent diet and water ad libitum. The study was carried out according to the
Guidelines of Institutional Animal Ethics Committee, University of Allahabad, India in
agreement with the Committee for the Purpose of Control and Supervision of
Experiments on Animals.

Experimental design and treatment schedule
The rats were distributed into six groups with five rats in each group. These groups
were as follows: Group-I - normal rats; Group-II - ACF treated (15 mg/kg); Group-III ACF treated rats administered with the standard drug (Silymarin 40 mg/kg); GroupIV- ACF treated rats administered with ellagic acid (40 mg/kg); Group-V- ACF treated
rats co-administered with the aqueous extract (200 mg/kg) and Group-VI- ACF
treated rats co-administered with the ethyl acetate extract (200 mg/kg) of T. bellirica
fruit. During the experimental period, all the rats received a single oral dose of the
drugs or extracts or the combinations thereof for 21 d.

Measurement of body weight and relative weight
The weight of the rats was measured before administration of the drugs and test
compounds every day until sacrifice. The relative liver weight was also determined
after sacrifice by the formula: Relative liver weight = [liver weight/body weight] ×
100.

Blood collection
4 mL blood was drawn by puncturing the rat’s heart. Of which, 2.5 mL blood was used
for clot formation and serum was separated at 2500 rpm for 10 min. The remaining
blood was placed into anticoagulant ampoules and kept in a cold environment before
processing. The plasma was separated after centrifugation at 3000 rpm for 10 min.
Both the serum and plasma were stored at -70 °C for further analysis.

Assessment of in vitro antioxidant activity
Metal ion chelating activity: Ferrous ion chelation by the T. bellirica fruit AQ and Eth
extracts was assessed using the method described by Dinis et al[29] with minor
modifications[30]. Extracts were dissolved in distilled water instead of methanol. A
small amount (200 µL) of extract samples was combined with ferric chloride (50 µL, 2
mmol/L). Ferrozine (200 µL, 5 mmol/L) was added to start the reaction followed by
vigorous shaking, and then left for 10 min at room temperature. Butylated
hydroxytoluene was used as a positive control. Absorbance was recorded at 562 nm.
Chelating activity was estimated by the following formula:
% Metal ion chelating ability = [(A0-A1)/A1] × 100.
Where A0 and A1 are absorbance of the control and test samples, respectively.
Nitric oxide radical scavenging activity: Nitric oxide (NO) radical scavenging activity
was determined by the method of Green et al[31]. To test extracts (0.5 mL), 1.0 mL of
sodium nitroprusside (0.01 mol/L in PBS) was added and incubated at 25°C for 3 h
followed by the addition of an equal volume of Griess reagent and left for 30 min at
room temperature. The concentration of test compounds ranged between 10-100
µg/mL in the final reaction mixture. Ascorbic acid was used as a standard and
absorbance was measured at 546 nm. The NO radical scavenging activity was
determined using the formula:
% NO scavenging = [(Ac-As)/Ac] × 100.
Ac and As designate absorbance values of the control and test samples, respectively.
Lipid peroxidation inhibition assay: Lipid peroxidation inhibition (LPOI) by the T.
bellirica fruit extracts was measured by the method of Halliwell et al[32] in 10% rat liver
homogenate. BHA was used as a control. The % LPOI was determined using the
following formula:
% Lipid peroxidation inhibition = [(A0-A1)/A0] × 100.
Where A0 and A1 are the absorbance of the control and test samples, respectively at
532 nm.
Estimation of total antioxidant activity by the ferric reducing antioxidant power
assay: The ferric reducing antioxidant power (FRAP) assay[33] is a method for
measuring total antioxidant potential of test compounds. To 0.05 mL plasma, FRAP
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reagent (4.5 mL) was added and absorbance was recorded at 593 nm after 5 min. The
final concentration of T. bellirica fruit extracts in the reaction mixture was 44.44 μg/mL,
while the concentration of EA and SLM was 8.89 μg/mL. Ferrous sulfate (100-1000
µmol/mL) was used to create a calibration curve and the result was expressed as the
FRAP value (µM FeSO4·7H2O equivalent/L plasma).

Biochemical analysis
Assessment of liver function markers in serum: The biochemical parameters
including SGPT, SGOT, GGT, LDH, ALP, total protein, uric acid, and creatinine were
assayed using commercially available kits (Erba Diagnostics Kits).
Preparation of liver tissue homogenate: The liver tissue homogenate (10% w/v) was
prepared in phosphate buffer (0.1 mol/L, pH-7.4 with 0.15 mol/L KCl). Crude
homogenate was centrifuged (1000 × g for 30 min, 4°C) and the supernatant was used
for estimation of antioxidant enzymes and other biochemical analytes.

Assessment of antioxidant status in tissue homogenate
Estimation of malondialdehyde (MDA) in liver homogenate: Lipid peroxidation was
assayed in tissue homogenate using the method of Niehaus and Samuelsson[34].
Thiobarbituric acid reagent (2 mL) was added to tissue homogenate (100 μL) and the
content was boiled for 1 h followed by measurement of absorbance at 532 nm. The
peroxidation product was represented as nM MDA/mg protein using the extinction
coefficient of 1.56 × 105 M-1 cm-1.
Determination of total protein in liver tissue homogenate: The total protein present
in the liver homogenate was measured by the method of Lowry et al[35].
Superoxide dismutase activity: The superoxide dismutase (SOD) activity was assayed
by the method of Marklund and Marklund[36]. One unit of enzyme activity represents
50% inhibition of pyrogallol autooxidation per min.
Catalase activity: The catalase (CAT) activity was measured by assessing the reduction
in the absorbance of H2O2 at 240 nm for 3 min at the interval of 30 s[37]. One unit of CAT
activity is defined as micromoles of H2O2 disintegrated per min using the molar
absorbance of H2O2 (43.6 M-1 cm-1).
Histological analysis of liver: The liver biopsies from rats were fixed in 10% formalin,
dehydrated in graded alcohol, and then embedded in paraffin wax blocks. The
paraffin-block was sliced (5 μm) successively using a rotary microtome. The liver slices
were stained with hematoxylin and eosin (H and E) on albumin-coated sterilized glass
slides[38]. After mounting in DPX, the sections were studied for histological changes
under a light microscope (× 40 magnification).

Statistical analysis
All the experiments were performed in triplicate. Results are represented as mean ±
SD. GraphPad Prism software was used to create the graphs. P values (< 0.05) were
considered significant.

RESULTS
Assessment of in vitro antioxidant activity
Metal ion chelation activity: T. bellirica fruit extracts (AQ and Eth) exhibited marked
concentration-dependent metal ion chelating activity (13%-85%) (Figure 1). The degree
of discoloration showed the chelating efficacy of the fruit extracts. Highest chelation
potential was observed for the Eth extract (85.38%, IC50 168 µg/mL) followed by the
AQ extract (56.42%, IC50 220 µg/mL). Butylated hydroxytoluene showed 90% metal
ion chelation activity at a concentration of 100 µg/mL.
Nitric oxide radical scavenging activity: NO radical scavenging activity of T. bellirica
fruit extracts was evaluated at different concentrations (10-100 µg/mL) and the results
were expressed in terms of % NO radical scavenging activity (Figure 2). Considerable
radical scavenging activity was observed in the test compounds during in vitro assay.
The AQ extract exhibited comparatively lower NO radical scavenging activity (16%66%, IC50 70 µg/mL) than the Eth extract (26%-83%, IC50 48 µg/mL) at all test
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Figure 1 In vitro metal ion chelating activity of Terminalia bellirica fruit aqueous and ethyl acetate extracts. The chelating activity was measured
at different concentrations (50-250 μg/ml). Butylated hydroxytoluene was included for comparison and absorbance was measured at 562 nm. Results are presented
as mean ± SD of triplicates. aP < 0.05 as compared to butylated hydroxytoluene.

Figure 2 In vitro nitric oxide radical scavenging activity of Terminalia bellirica fruit aqueous and ethyl acetate extracts at different
concentrations. Butylated hydroxytoluene was included as a standard and absorbance was measured at 546 nm. Results are presented as mean ± SD of
triplicates. aP < 0.05 as compared to butylated hydroxytoluene.

concentrations. BHA (0.33-3.3 µg/mL) accounted for 37%-84% activity.
Lipid peroxidation inhibition activity: Fruit extracts of T. bellirica displayed dosedependent anti-lipid peroxidative activity during in vitro assay. The Eth extract
exhibited comparatively higher inhibitory response against Fe2+-triggered lipid
peroxidation in liver homogenate signifying its lipo-protective efficacy. The LPOI
values for the Eth and AQ extracts at a concentration of 5 mg/mL were 75% and 63%,
respectively (Figure 3). However at lower concentration (1 mg/mL), the LPOI values
for the Eth and AQ extracts were about 23% and 15%, respectively. Standard
antioxidant BHA (2 mg/mL) under similar experimental conditions produced about
85% inhibition of lipid peroxidation.

Ameliorative effect of fruit extracts and ellagic acid on aceclofenac toxicity in vivo
Assessment of change in body weight and relative liver weight: A noteworthy
decline in body weight was observed in ACF-treated rats (group II) in comparison
with untreated rats (group I) (Table 1). Group I rats showed approximately 18.83%
gain in body weight during the same time period. The percentage loss in body weight
in group II rats (20.50%) was markedly higher than that in group I (P < 0.0001) and
groups III-V (P < 0.005). Co-administration of EA and T. bellirica fruit extracts (AQ and
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Table 1 Effect of Terminalia bellirica fruit extracts and ellagic acid on body weight and liver weight of aceclofenac treated rats
Groups

Body weight, change (%)

Absolute liver, weight (g)

Relative liver, weight (%)

Group I

18.83 ± 1.15

4.62 ± 0.16

2.85 ± 0.29

Group II

-20.50 ± 6.87a

6.56 ± 0.41a

3.95 ± 1.29a

Group III

-09.17 ± 3.78b

4.82 ± 0.19b

3.05 ± 0.35b

Group IV

-11.06 ± 3.77b

5.17 ± 0.87b

3.13 ± 0.46b

Group V

-18.50 ± 6.26b

5.70 ± 1.09b

3.44 ± 0.58b

Group VI

-14.83 ± 3.21b

5.03 ± 0.95b

3.21 ± 0.64b

Group I: Control rats; Group II: Aceclofenac (ACF) treated rats; Group III: ACF + Silymarin treated rats; Group IV: ACF + Ellagic acid treated rats; Group
V: ACF + Aqueous extract treated rats; Group VI: ACF + Ethyl acetate extract treated rats. Each value is expressed as mean ± SD (n = 5). Silymarin was
used as a positive control.
a
Represents a significant difference compared with the control (aP < 0.0001).
b
Represents a significant difference compared with group II (bP < 0.005).

Figure 3 Percentage inhibition of lipid peroxidation in rat liver homogenate by Terminalia bellirica fruit extracts at different
concentrations. Butylated hydroxytoluene (2 mg/mL) was included for comparison and accounted for approximately 85% lipid peroxidation inhibition. The results
are shown as mean ± SD of triplicates (aP < 0.05).

Eth) with ACF exhibited a restorative effect (81%-89% recovery) on body weight.
Standard drug SLM showed maximum recovery potential (90.83%) followed by EA
(88.94%), Eth (85.17%) and AQ (81.50%). Furthermore, an inverse correlation was
observed between body weight and relative liver weight. Relative liver weight
increased from 2.85% in the control to 3.95% in ACF treated rats (P < 0.0001), while
treatment with EA and T. bellirica fruit extracts (Eth and AQ) showed a restorative
effect on the liver weight of rats. In comparison to group II rats, the recovery following
administration of EA and T. bellirica fruit extracts was statistically significant (P <
0.005) (Table 1).
Assessment of total antioxidant activity by FRAP Assay: The therapeutic effect of T.
bellirica fruit extracts (Eth and AQ) and EA on plasma FRAP are shown in Figure 4. In
group II rats, the administration of ACF resulted in a marked decrease (P < 0.05) in
plasma FRAP (5.76 µmol/L) as compared to group I. This indicated a reduction in the
antioxidant potential of plasma with a simultaneous rise in oxidative stress. Coadministration of EA (group IV), AQ (group V) and Eth (group VI) with ACF caused a
significant improvement (P < 0.05) in plasma antioxidant capacity.
Assessment of change in serum markers: The measurement of various markers of
hepatic function is used in the diagnosis and treatment of a variety of diseases. The
effects of ACF and test compound combination (T. bellirica fruit extracts and EA) on
serum biomarkers including total protein, creatinine, urea, SGOT, SGPT, LDH, GGT,
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Figure 4 Effect of Terminalia bellirica fruit extracts and ellagic acid on the ferric reducing ability of plasma in aceclofenac-treated rats.
Group I-normal control; Group II-Aceclofenac (ACF) treated rats; Group III-ACF + Silymarin treated rats; Group IV-ACF + Ellagic acid treated rats; Group V- ACF +
Aqueous extract treated rats; Group VI: ACF + Ethyl acetate extract treated rats. Silymarin was used as a positive control. The data are represented as mean ± SD (n
= 5, aP < 0.01; bP < 0.05 as compared to group II).

ALP and uric acid are shown in Table 2. Oral administration of ACF led to an
elevation in serum creatinine, uric acid, SGOT, SGPT, ALP, LDH, and GGT (group II) (
P < 0.05). Co-administration of extracts/EA/SLM with ACF resulted in marked
restoration of these biochemical indices.
Assessment of MDA in liver tissue: ACF administration for three weeks caused an
approximate seven-fold rise in MDA level (18.63 nmol/mg protein) in liver tissues as
compared to the control (2.68 nmol/mg protein) (Table 2). SLM treatment reduced the
level of MDA by up to 1.7-fold (4.5 nmol/mg protein) in group III rats. T. bellirica fruit
AQ and Eth extract-treated groups also accounted for a noteworthy reduction in
hepatic tissue MDA level (12.28 and 9.46 nmol/mg protein, respectively).
Furthermore, co-administration of EA with ACF resulted in a comparatively better
recovery in hepatic MDA level (6.74 nmol/mg protein) as compared to T. bellirica fruit
extracts.
Assessment of antioxidant enzyme in liver tissue homogenate: ACF treatment in
group II rats caused a noteworthy reduction (P < 0.05) in hepatic antioxidant enzyme
activity i.e., SOD (12.04 U/mg protein) and catalase (3.21 U/mg protein) as compared
to the control group (SOD-31.09 U/mg protein and catalase-8.45 U/mg protein).
Appreciable restoration (P < 0.05) in hepatic tissue catalase activity was observed in
the EA-treated groups (7.19 U/mg protein) followed by the Eth (6.23 U/mg protein)
and AQ (5.77 U/mg protein) groups as compared with group II. Moreover, coadministration of EA and Eth and AQ extracts with ACF also caused appreciable
enhancement (P < 0.05) in SOD enzyme activity (27.24, 21.15, 19.80 U/mg protein,
respectively). It was observed that EA showed comparatively similar enzymatic
activity to SLM treatment (29.11 U/mg protein) (Table 2).
Histopathological changes in liver: Histological sections of the normal rat liver slices
showed intact hepatocytes with sinusoidal spaces and evenly distributed cytoplasm
(Figure 5A). Oral administration of ACF resulted in severe hepatic damage as
confirmed by immense hepatocellular deterioration, necrosis, sinusoidal dilatation,
infiltration of inflammatory cells and cytoplasmic vacuolation (Figure 5B). However,
treatment with EA and T. bellirica fruit extracts in ACF treated rats reduced hepatic
damage and associated alterations and thereby improved liver structure and function
(Figure 5D-F). Administration of SLM displayed relatively higher hepatoprotective
efficacy (Figure 5C). The histopathological improvement observed in liver sections
with EA, T. bellirica extracts and SLM in ACF treated rats had a direct correlation with
liver weight, body weight and serum liver function markers along with tissue

WJH

https://www.wjgnet.com

956

November 27, 2020

Volume 12

Issue 11

Gupta A et al. Aceclofenac-induced oxidative stress and hepatotoxicity

Table 2 Effect of Terminalia bellirica fruit extracts and ellagic acid on serum hepatic function markers in aceclofenac treated rats
Groups

Total protein
(g/dL)

ALP (IU/L)

SGOT (IU/L)

SGPT (IU/L)

Uric acid
(mg/dL)

Creatinine
(mg/dL)

LDH (IU/L)

GGT (IU/L)

Group I

6.05 ± 0.45

87.16 ± 14.19

69.37 ± 10.24

58.19 ± 09.13

1.71 ± 0.37

0.80 ± 0.33

304.76 ± 10.23

4.27 ±1.08

Group II

3.64 ± 0.14a

157.32 ±
26.16a1

165.40 ±
12.51a1

158.43 ± 8.24a1 6.87 ± 0.22a

3.12 ± 1.31a

689.34 ±
11.21a1

9.29 ± 2.15a1

Group III

5.72 ± 0.17b1

93.49 ± 9.08b1

85.21 ± 16.34b1

69.09 ± 4.71b1

2.32 ± 0.13b1

1.37 ± 0.18b1

401.19 ±
3.89b1

5.87 ± 0.24b

Group IV

5.52 ± 0.31b1

96.65 ±
11.25b1

89.56 ± 9.13b1

74.98 ± 11.38b1 2.34 ± 0.24b1

1.49 ± 0.17b1

449.54 ±
15.09b1

6.18 ± 0.51b1

Group V

4.75 ± 0.38b2

121.49 ±
16.13b2

140.17 ± 4.75b1

132.11 ±
14.17b1

3.38 ± 0.52b2

2.72 ± 0.18b2

587.37 ±
7.94b2

7.69 ± 0.27b2

Group VI

5.60 ± 0.11b2

107.17 ±
12.37b1

113.6 ± 4.89b1

109.25 ±
04.85b1

2.53 ± 0.19b2

2.16 ± 0.06b1

505.18 ±
11.45b1

6.68 ± 0.39b2

Group-I: Control rats; Group-II: Aceclofenac (ACF) treated rats; Group-III: ACF + Silymarin treated rats; Group-IV: ACF + Ellagic acid treated rats; GroupV: ACF + Aqueous extract treated rats; Group-VI: ACF + Ethyl acetate extract treated rats. Each value is expressed as mean ± SD (n = 5). Silymarin was
used as a positive control. ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; GGT: Glutamyl transferase.
a
Represents a significant difference compared with the control.
a1
P < 0.0001.
b
Represents a significant difference compared with group II.
b1
P < 0.0005.
b2
P < 0.005.

Figure 5 Histopathological changes in liver slices after oral administration of Terminalia bellirica fruit extracts, ellagic acid and Silymarin
in Aceclofenac-treated rats. A: Control; B: Aceclofenac (ACF) treated rats; C: ACF + Silymarin treated rats; D: ACF + Ellagic acid treated rats; E: ACF +
Aqueous extract treated rats; and F: ACF + Ethyl acetate extract treated rats. The blue color arrow represents central vain, black arrow represents a nucleus and the
yellow arrow represents inflammatory cells.

antioxidants.

DISCUSSION
The antagonistic properties of drugs and synthetic antioxidants have drawn the
attention of scientists to explore new sources of natural antioxidants and
hepatoprotectants which are more potent in mitigating oxidative stress and averting
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the initiation of disease[4,39]. Antioxidants hinder the oxidation of critical biomolecules
by preventing the cascade of oxidizing chain reactions[5]. Interestingly, few studies on
the antioxidant properties of T. bellirica fruit have been carried out[16,22,40]. However, this
is the first study to assess the antioxidant and hepatoprotective attributes of T. bellirica
fruit extracts and its constituent EA against ACF-induced liver injury in albino Wistar
rats.
Antioxidant evaluation of T. bellirica fruit Eth and AQ extracts showed significant
radical scavenging activities during in vitro metal ion chelation and NO radical
scavenging assays. It was measured by a pink color complex formed due to ferrozine
and Fe2+ interaction. Metal chelating ability showed the potential of the test
compounds to protect lipids from oxidative damage[2]. In the present study, T. bellirica
fruit Eth extract (IC50 168 µg/mL) showed higher ion chelating ability as compared to
the AQ extract (IC50 220 µg/mL) (Figure 1). The chelation process promotes the
lipophilicity of the metal ion and thereby favoring its penetration through the lipoid
membrane. This action diminishes the production of OH• radical and thus averts the
beginning of lipid peroxidation[41]. Previous studies have also confirmed the positive
association between metal chelation and lipoprotective activities[42]. Moreover, it has
been recognized that chelating agents act as secondary antioxidants by forming bonds
with metals thus lowering their redox potential and stabilizing the oxidized state of
the metal ion[43].
Nitric oxide is required during inflammatory processes but higher concentrations
are toxic to tissues including vascular damage and other ailments. Sodium
nitroprusside in the presence of oxygen generates nitrite ions at physiological pH,
which is analyzed by a specific method[44]. The nitrite radical undergoes diazotization
reaction with sulfanilamide and subsequent coupling with naphthyl ethylene diamine
generates pink chromophore. The radical scavenging activity of fruit extracts may be
attributed to its competition with oxygen to react with nitric oxide[45]. In the
experiment, the Eth extract (83%, IC50 48 µg/mL) showed comparatively better NO
scavenging activity than the AQ extract (74%, IC50 57 µg/mL) (Figure 2). The
occurrence of p-hydroxyl groups in the aromatic ring structure and conjugated double
bonds that make the electrons more delocalized are structural prerequisites for potent
radical scavenging action by the extracts and BHA. The p-hydroxy system possesses
electron-donating properties and is a radical target. The number, positions of OHgroups and the type of group replacements are mainly accountable for
phenylpropanoids functioning as effective antioxidant[46], anti-inflammatory, enzyme
modulator or antiproliferative agents[47].
Lipid peroxidation is a free radical-triggered redox process associated with
inflammation and biochemical changes in the lipids[42,48]. It rapidly starts with the
action of hydroxyl radicals generated during the Fenton reaction in the presence of
iron (II)[49]. In this study, the Eth extract (5 mg/mL) exhibited a 75% decrease in
peroxidation product suggesting its lipoprotective ability, while comparatively less
activity was observed with the AQ extract (63%) (Figure 3). The protection accorded
by the test extracts could be ascribed to the metal ion (Fe3+) chelation which is crucial
for the production of hydroxyl radicals[41]. The antioxidants break the oxidation chain
reaction initiated by free radicals through transfer of reducing equivalents (H+) from
the phenolic hydroxyl groups, thus producing a stable end product that does not
promote further lipid oxidation. T. bellirica fruit has been shown to possess potent
chelating ability and therefore it may exhibit appreciable inhibitory action on lipid
peroxidation[40]. These results are corroborated by a recently published study from our
laboratory, which advocated that T. bellirica fruit Eth extract had comparatively higher
antioxidant activity than the AQ extract during in vitro analysis[16].
FRAP provides a direct assessment of the antioxidant or reducing capacity of the
samples. Reduction of Fe3+-TPTZ complex to Fe2+-TPTZ complex by the test
compounds is the basis for measurement of this ability producing a blue color which is
measured at 593 nm[33]. The absorbance of the reaction mixture is directly correlated
with the reducing ability of the sample. The FRAP value is an indicator of the
hydrogen or electron-donating ability of test samples[50]. The FRAP value shown by the
EA treated rat group was significantly higher (P < 0.05) than that in the T. bellirica fruit
extract treated groups (Figure 4).
Phytoconstituents isolated from T. bellirica fruit were previously reported to be
antioxidant, anti-inflammatory and hepatoprotective agents. Triterpenoidal
compounds (e.g., oleanolic and ursolic acids) are extensively found in food and
therapeutic herbs[51]. The hepatoprotective efficacy of oleanolic acid against carbon
tetrachloride (CCl4) and ursolic acid against ethanol-induced liver injury has been
confirmed[52,53]. Both compounds individually exhibited significant in vitro antioxidant
and anti-inflammatory activities in PC12 cell lines exposed to 1-methyl-4-
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phenylpyridinium ion or H2O2[54]. Moreover, oleanoic acid triggered expression of
phase II response genes and stimulated the antioxidant enzymes and transcription
factor (Nrf2)[55]. It also blocked the NF-κB pathway which was further substantiated by
a high binding affinity towards NF-κB subunits (p50 and p52), TNF-α and COX-2
during in silico experiments[55,56].
The pharmacological activity of T. bellirica fruit extracts evaluated in this study can
be accredited mainly to the higher amount of phenolic compounds and flavonoids.
Tannins are phenolic compounds responsible for the bitter taste of foods and
beverages[57]. A significant correlation between tannin content and total antioxidant
activity has been established previously[58]. Additionally, tannins extracted from the
acetone extract of natural products showed potent antioxidant properties compared
with the low molecular-weight phenolic compounds derived from the same plant
samples[57]. Recently, researchers evaluated the hepatoprotective and antioxidant
attributes of gallic acid and EA against CCl4-induced hepatic injury in mice[59,60]. Gallic
acid produced superior DPPH scavenging activity than EA[59] and methyl gallate[61].
This activity could be ascribed to the availability of a free carboxyl group.
Administration of ACF for 21 d led to a fall in body weight demonstrating the
adverse effect of long-term treatment in Wistar rats. It has been reported that AFC
caused gastric ulcers in an animal model leading to difficulty in food intake that
culminated in malnourishment[62]. The unusual rise in liver weight in ACF treated rats
seems to be due to its toxic behavior. Previous studies suggested that a decline in body
weight during hepatic injury is associated with the interplay of adiponutrin and
abdominal fat[63]. However, treatment with T. bellirica fruit extracts (Eth and AQ) and
EA suppressed the toxic effect of ACF in rats and improved body weight. This result
was more pronounced in SLM treated rats.
The activity of reactive oxygen species (ROS), mitochondrial stress, immune
response, and idiosyncratic reactions are the prime causes of hepatic injury resulting
from prolonged use of ACF. However, the precise mechanism of its toxic behavior is
still unclear[7]. Altered serum and tissue biomarkers along with histological changes
are clinical indicators of liver damage. Abnormally high levels of SGOT, SGPT, ALP,
uric acid, creatinine, LDH and GGT in the circulation are directly correlated with
severe liver injury[6,11]. In the current study, prolonged ACF intake caused hepatic
damage in rats, as evidenced by a marked rise in serum and tissue markers as
compared to the control rats. These study results are in line with previous studies[7,64].
The findings suggested that T. bellirica fruit Eth and AQ extract (200 mg/kg) and EA
(40 mg/kg) treatment reduced ACF-induced elevations in the levels of these
parameters towards the normal range revealing improvement in hepatic function
(Table 2). Similar results have been observed in SLM treated rats.
The intracellular antioxidant enzymes such as SOD and CAT act as the first line of
defense against oxidative damage in hepatic tissue. SOD catalyzes the dismutation of
superoxide (O2ˉ) radical into H2O2 and oxygen, which is one of the chief cellular
defense mechanisms[3]. Reduced SOD and CAT activities in ACF administered rats
indicated the diminished potential of ROS scavenging action. In ACF fed rats,
treatment with T. bellirica fruit extracts and EA enhanced the level of SOD in hepatic
tissue (Table 3). A similar trend was also observed in the SLM treated group.
Additionally, CAT also oozes into the extracellular fluid as a result of tissue damage.
Inside the cell it has the potential to act as a strong antioxidative agent, and thus
increases cell survival[1]. Decreased CAT activity in ACF-fed rats revealed lowered
tissue protection ability. Co-administration of T. bellirica fruit extracts and EA in ACFtreated rats significantly enhanced the activity of CAT (Table 3). Previous studies on
EA suggested that the hepatoprotective activity may be associated with its antioxidant
and radical scavenging properties. EA might be responsible for increasing enzymatic
protein synthesis or reducing the ROS-mediated loss of CAT activity[65]. It seems
possible that CAT might act as an essential autocrine antioxidant and survival
element. Furthermore, ROS produced as an offshoot of ACF treatment, also destroy
liver tissues by stimulating lipid peroxidation. Increased level of MDA confirmed the
higher rate of lipid peroxidation causing tissue damage and breakdown of cellular
antioxidant defense systems[66-68]. Co-administration of T. bellirica fruit extract (200
mg/kg) and EA (40 mg/kg) with ACF appreciably reduced lipid peroxidation in rats.
Histological analysis of ACF-treated rat liver slices also corroborated abnormal
alterations observed in serum markers and tissue antioxidants. ACF produced notable
impairment in the anatomical features of liver tissue encompassing pathological
irregularities such as inflammatory infiltration, the formation of vacuoles and focal
necrosis. T. bellirica fruit extracts (Eth and AQ) and EA treatment significantly lowered
the number of damaged hepatocytes. Furthermore, the hepatoprotective potential of
extracts and EA was also confirmed by the dearth of necrotic and inflammatory lesions
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Table 3 Effect of Terminalia bellirica fruit extracts and ellagic acid on antioxidant markers in liver tissue homogenate of aceclofenac
treated rats
Groups

MDA (nmol/mg protein)

SOD (U/mg protein)

Catalase (U/mg protein)

Group I

2.68 ± 0.08

31.09 ± 0.71

8.45 ± 0.17

Group II

18.63 ± 1.43a

12.04 ± 1.49a

3.21 ± 0.84a

Group III

4.50 ± 0.18b1

29.11 ± 0.35b1

7.59 ± 0.41b1

Group IV

6.74 ± 0.14b1

27.24 ± 0.57b1

7.19 ± 0.37b1

Group V

12.28 ± 0.12b2

19.80 ± 0.62b2

5.77 ± 1.19b2

Group VI

9.46 ± 0.19b1

21.15 ± 0.49b2

6.23 ± 0.92b2

Group-I: Control rats; Group-II: Aceclofenac (ACF) treated rats; Group-III: ACF + Silymarin treated rats; Group-IV: ACF + Ellagic acid treated rats; GroupV: ACF + Aqueous extract treated rats; Group-VI: ACF + Ethyl acetate extract treated rats. Each value is expressed as mean ± SD (n = 5). Silymarin was
used as a positive control. SOD: Superoxide dismutase; MDA: Malondialdehyde.
a
Represents a significant difference compared with the control (1P < 0.0001).
b
Represents a significant difference compared with group II.
b1
P < 0.0001.
b2
P < 0.005.

in rat tissue sections. Comparatively better hepatoprotective efficacy was observed in
SLM and EA treated rats.

CONCLUSION
The results of the current study suggest that the administration of T. bellirica fruit
extracts and EA have considerable hepatoprotective efficacy against ACF-induced
oxidative stress and hepatic damage in Wistar rats. ACF adversely altered the levels of
serum liver function markers and tissue antioxidants. Abnormal levels of biomarkers
might be the result of peroxidation reactions and biotransformation of ACF in liver.
These reactions are accountable for oxidative damage to cellular components. T.
bellirica fruit extracts and EA treatment significantly ameliorated the hepatic injury
inflicted by ACF. However, further evaluation is warranted to reveal the complete
mechanism of action of different phytoconstituents present in T. bellirica fruit which
might be helpful in the development of a new therapeutic agent of natural origin.

ARTICLE HIGHLIGHTS
Research background
Hepatotoxicity is one of the common side effects of nonsteroidal anti-inflammatory
drugs (NSAIDs). Aceclofenac , a prodrug in the aryl-acetic acid class, is an oral NSAID
effective in the treatment of painful inflammatory diseases. Chronic use of aceclofenac
damages gastrointestinal mucosa by irritant action, causing an alteration in mucosal
permeability and/or suppression of prostaglandin synthesis.

Research motivation
Previous studies on Terminalia bellirica fruit revealed that it possesses a wide range of
bioactive compounds that are accountable for its antioxidant and radical scavenging
potential against various types of experimental models. Moreover, its fruit has a
positive impact on NSAIDs-induced liver injury. Therefore, in this study we explored
the therapeutic attributes of T. bellirica fruit and ellagic acid against aceclofenacinduced hepatotoxicity and oxidative stress.

Research objectives
The major objectives were to evaluate the antioxidant and hepatoprotective activities
of T. bellirica fruit ethyl acetate (Eth) and aqueous (AQ) extracts and its constituent
ellagic acid against aceclofenac-induced hepatotoxicity in albino Wistar rats.
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Research methods
The antioxidant activities of T. bellirica fruit extracts were measured in vitro by metal
ion chelation and nitric oxide radical scavenging assays. The in vivo antioxidant and
hepatoprotective effects of T. bellirica extracts (200 mg/kg) and ellagic acid (40 mg/kg)
in aceclofenac-induced hepatotoxic rats were evaluated in serum and liver tissue. The
ferric reducing ability of plasma and lipid peroxidation inhibition were measured in
blood. Liver function markers such as ALP, GPT, GOT, LDH, γ-glutamyl transferase,
creatinine, total protein, and uric acid were evaluated in rat serum and superoxide
dismutase, catalase and malondialdehyde were analyzed in liver tissues using
standard protocols.

Research results
T. bellirica fruit Eth extract (IC50 168 µg/mL) showed higher ion chelating ability than
the AQ extract (IC50 220 µg/mL). Similarly, the Eth extract (IC50 48 µg/mL) showed
comparatively better NO scavenging activity than the AQ extract (IC50 57 µg/mL). The
Eth extract also decreased lipid peroxidation by 75% indicating its lipoprotective
ability. The ferric reducing ability of plasma value in the EA treated rat group was
significantly higher (P < 0.05) than that in the T. bellirica fruit extract treated groups in
vivo. T. bellirica fruit extracts and ellagic acid treatment suppressed the toxic effect of
aceclofenac in rats and improved the body weight coupled with restoration of serum
liver function markers and tissue specific antioxidants.

Research conclusions
The results of the current study suggest that the administration of T. bellirica fruit
extracts and ellagic acid exhibited considerable hepatoprotective efficacy against
aceclofenac-induced oxidative stress and hepatic damage in Wistar rats. Abnormal
levels of biomarkers may have occurred due to peroxidation reactions and
biotransformation of aceclofenac in liver. These reactions were responsible for
oxidative damage to cellular components. T. bellirica fruit extracts and ellagic acid
treatment significantly ameliorated the hepatic injury induced by aceclofenac.

Research perspectives
T. bellirica fruit extracts and its phytoconstituent ellagic acid exhibited appreciable
radical scavenging, antioxidant and hepatoprotective activity in aceclofenac-induced
liver injury. However, further evaluation is warranted to reveal the complete
mechanism of action of different phytoconstituents present in T. bellirica fruit which
might be helpful in the development of a new therapeutic agent of natural origin.
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Abstract
BACKGROUND
The morbidity and mortality of human immunodeficiency virus (HIV)-infection is
often associated with liver disease, which progresses slowly into severe liver
dysfunction. There are multiple insults which exacerbate HIV-related liver injury,
including HIV-associated dysregulation of lipid metabolism and fat turnover, coinfections with hepatotropic viruses and alcohol abuse. As we reported before,
exposure of hepatocytes to HIV and alcohol metabolites causes high oxidative
stress, impairs proteasomal and lysosomal functions leading to accumulation of
HIV in these cells, which end-ups with apoptotic cell death and finally promotes
development of liver fibrosis.
AIM
To study whether obeticholic acid (OCA) prevents HIV/ethanol metabolisminduced hepatotoxicity and subsequent activation of hepatic stellate cells (HSC)
by HIV+ apoptotic hepatocyte engulfment.
METHODS
Huh7.5-CYP (RLW) cells were exposed to HIV and acetaldehyde-generating
system (AGS) in the presence or absence of OCA. In the cells, we measured the
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expression of HIV-related markers: HIVgagRNA-by real-time polymerase chain
reaction (PCR), p24- by western blot, HIV DNA-by semi-nested PCR, integrated
HIV DNA-by ddPCR. Lysosomal and proteasomal activities were measured using
fluorometrically-labeled substrates. For hepatocyte apoptosis, cleaved caspase 3
and cleaved PARP were visualized by western blot and cytokeratin 18- by M30
ELISA-in supernatants. Apoptotic bodies were generated from untreated and
HIV-treated RLW cells exposed to UV light. Pro-fibrotic activation of HSC was
characterized by Col1A1 and transforming growth factor-β mRNAs, while
inflammasome activation- by NLRP3, caspase 1, interleukin (IL)-6, IL-1β mRNA
levels.
RESULTS
In RLW cells, OCA treatment attenuated HIV-AGS-induced accumulation of
HIVgagRNA, HIV DNA and p24. OCA suppressed reactive oxygen species
production and restored chymotrypsin-like proteasome activity as well as
cathepsin B lysosome activity. OCA also decreased HIV-AGS-triggered apoptosis
in RLW cells. Exposure of HIV-containing apoptotic hepatocytes to HSC
prevented activation of inflammasome and induced pro-fibrotic activation in
these cells.
CONCLUSION
We conclude that by suppressing oxidative stress and restoring proteasomal and
lysosomal functions impaired by HIV and ethanol metabolism, OCA decreases
accumulation of HIV in hepatocytes, leading to down-regulation of apoptosis in
these cells. In addition, OCA reverses pro-fibrotic and inflammasome-related
activation of HSC triggered by engulfment of HIV-containing apoptotic
hepatocytes, potentially contributing to suppression of liver fibrosis development.
Key Words: Human immunodeficiency virus; Liver; Obeticholic acid; Alcohol;
Hepatocytes; Fibrosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: We investigated the ability of obeticholic acid (OCA) to reverse pro-fibrotic
effects of human immunodeficiency virus (HIV) and ethanol metabolism in liver cells.
Based on our previous studies, hepatocyte apoptosis occurs under combined exposure
of cells to HIV and ethanol metabolites. The subsequent engulfment of HIV-containing
apoptotic hepatocytes by hepatic stellate cells induced pro-fibrotic activation in these
cells, thereby promoting fibrosis development. Here, we demonstrated that OCA
attenuates hepatocyte apoptosis by preventing accumulation of HIV components in
liver cells exposed to virus and acetaldehyde-generating system (AGS) mimicking
natural ethanol metabolism in primary hepatocytes. These beneficial effects of OCA
are attributed to suppression of oxidative stress leading to restoration of HIV-AGSimpaired proteasomal and lysosomal functions in liver cells. OCA also reduces
activation of inflammasome in hepatic stellate cells and their pro-fibrotic activation.
Thus, anti-fibrotic properties of OCA can be used for combined treatment of HIVinfected alcohol abusers with a high risk of liver fibrosis development.
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INTRODUCTION
Liver disease is a second-leading cause of mortality in human immunodeficiency virus
(HIV)-infected patients[1]. While effective anti-retroviral treatment (ART) has
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dramatically decreased the onset of acquired immunodeficiency syndrome, the
morbidity and mortality are often associated with liver disease, which progresses
slowly into severe liver dysfunction. This progression is related not only to the ARTinduced hepatotoxicity, but to HIV properties likely associated with progression of
non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NASH)[2,3]. There are
multiple insults, which promote HIV-related liver injury, including dysregulation of
lipid metabolism and fat turnover, co-infections with hepatotropic viruses and alcohol
abuse[4,5].
Recently, we have shown that alcohol metabolite, acetaldehyde promotes
accumulation of HIV proteins in hepatocytes, inducing oxidative stress and cell
apoptosis[6]. Furthermore, the engulfment of these HIV-containing hepatocytes by nonparenchymal cells, macrophages and hepatic stellate cells (HSC) causes inflammasome
activation in macrophages and pro-fibrotic activation of HSC[6]. This indicates that
massive apoptosis of infected hepatocytes may induce continuous activation of HSC
leading to liver fibrosis development. Since acetaldehyde-triggered HIV replication in
hepatocytes is abortive[6], HIV accumulation cannot be fully controlled by ART and
requires the treatment with additional anti-fibrotic drugs.
One of the promising drugs with anti-fibrotic activity is obeticholic acid (OCA). In
2016, OCA became the United States Food and Drug Administration-approved to treat
primary biliary cholangitis and currently is at phase 3 trial (Regenerate) to treat
fibrosis caused by NASH[7]. OCA is a farnesoid-X receptor (FXR) agonist, which binds
to the FXR in the nucleus of liver and intestinal cells. Multiple genes are activated by
this pathway, including the control of metabolism of bile acids, lipids, glucose, and
amino acids. FXR is highly expressed on hepatocytes and immune cells, and is
involved in pathogenesis of viral hepatitis, alcohol-and non-alcohol-induced liver
disease[8]. In NASH-fibrosis, OCA regulates liver injury progression via targeting of gut
microbiota[9]. Currently, it is not quite clear whether OCA directly modulates
hepatocyte apoptosis: While some studies reported the lack of anti-apoptotic effects of
OCA on these cells[10], other studies demonstrated the reduction of hepatocyte
apoptosis by OCA-mediated suppression of metabolic stress and prevention of
subsequent p53 activation, with further anti-fibrotic and anti-inflammatory
downstream effects[11]. These studies were mainly performed on experimental in vivo
models, which makes difficult to exclude the effects of OCA on gut microbiota,
narrowing down the mechanisms to only OCA-regulated hepatocyte apoptosis. None
of published in vivo or in vitro studies have been performed in the context of the effects
of OCA on HIV- and alcohol-induced liver injury. However, activation of HSC by
engulfment of HIV-expressing apoptotic hepatocytes generated as a downstream
event in HIV and ethanol metabolism-induced oxidative stress is one of the reasons for
liver fibrosis progression, which serves as an important target to prevent end-stage
liver disease development. Thus, based on already characterized mechanisms of liver
injury progression triggered by the combination of HIV with acetaldehyde[6], we aimed
to investigate whether OCA protects from apoptotic hepatocyte death and from
activation of HSC by engulfment of apoptotic HIV-infected hepatocytes.

MATERIALS AND METHODS
This is the original (basic) study performed at University of Nebraska Medical Center,
Omaha, NE, United States. Here, for the first time, in vitro approach is used to
characterize the ability of OCA to reverse the pathology induced by HIV and ethanol
metabolism in liver parenchymal and non-parenchymal cells. In our study, OCA has
been tested as an anti-fibrotic drug, which affects the pathogenesis of HIV-alcoholinduced liver fibrosis development.

Reagents and media
High glucose Dulbecco’s modified eagle medium and fetal bovine serum were
purchased from Invitrogen (Carlsbad, CA, United States), Trizol was from Life
Technologies, primer probes and real-time polymerase chain reaction (RT-PCR)
reagents were from Applied Biosystems by Thermo Fisher Scientific, CA , United
States. Other reagents, all analytical grade quality, were from Sigma (St. Louis, MO,
United States).

Cells and treatments
As experimental prototype of human primary hepatocytes, we used Huh7.5-CYP
(RLW) cells. These cells have reduced innate immunity and can be infected with HIV.
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To metabolize ethanol, they were stably transfected by CYP2E1, but do not express
alcohol dehydrogenase (ADH). To overcome this limitation and mimic natural ethanol
metabolism in primary hepatocytes, we treated RLW cells with acetaldehydegenerating system (AGS), which contains yeast ADH as a source of enzyme, NAD as a
co-factor, and 50 mmol/L ethanol as a substrate for ADH and continuously produce
physiologically relevant amount of acetaldehyde (Ach) without toxic effects. We have
characterized and successfully used these cells and AGS for HCV-based ethanol liver
studies[12-14]. Cells were pre-treated for 24 h with AGS and then exposed to HIVADA
(MOI 0.1) for 48 h. To investigate the effects of OCA, cells were pre-treated with OCA
(50 μmol/L) for 4 h before experiment.

HIV RNA, HIV DNA, integrated HIV DNA, western blot and reactive oxygen species
HIV RNA was detected by RT-PCR; HIV DNA was detected by semi-nested PCR;
integrated HIV DNA was measured by digital droplet PCR; reactive oxygen species
(ROS) were quantified by DCF (2’,7’–dichlorofluorescein fluorescence method);
western blot was performed as described. The details of all these methods were
already published[6].

Apoptosis measurements:
Apoptosis in RLW cells was measured by caspase 3 and PARP cleavage in cell lysates
(western blot) and M30 Apoptosense ELISA (Duapharma group, Inc. West Chester,
OH, United States) in cell supernatants.

Activities of proteasome and cathepsins
Proteasome activities and cathepsin B and L activities were assayed fluorometrically as
described previously[15,16].

Apoptotic bodies
Apoptotic bodies (AB) were generated from uninfected and HIV-infected RLW cells by
exposure to UV light and characterized as shown previously[13].

Hepatic stellate cells and treatments with AB
As the source of human HSC, we used commercially available human cell line, LX2
(EMD Millipore, cat SCC064) grown based on instructions from the manufacturer. AB
from RLW cells (AB Hep), both uninfected (control) and HIV-infected (ABHIV), were
incubated with LX2 cells for 2-8 h at 1: 3 ratio and then pro-fibrotic markers [Col1A1,
transforming growth factor (TGF)-β] and inflammasome-related parameters [NLRP3,
caspase 1, interleukin (IL)-6, IL-1β] were quantified by RT-PCR.

Statistical analyses
Data were analyzed using GraphPad Prism v7.03 software (GraphPad, La Jolla, CA,
United States). Data from at least three duplicate independent experiments were
expressed as mean ± SEM. Comparisons among multiple groups were performed by
one-way ANOVA, using a Tukey post-hoc test. For comparisons between two groups,
we used Student’s t-test. A P value of 0.05 or less was considered significant.

RESULTS
Our previous studies on primary human hepatocytes exposed to ethanol and RLW
cells treated with AGS demonstrated, first, that incubation of ADH-non-expressing
RLW cells with AGS recapitulated the effects of ethanol on ethanol-metabolizing
hepatocytes and second, that the highest levels of apoptotic hepatocyte death were
observed when cells were exposed to both insults (ethanol/AGS and HIV)[6]. That is
why in this paper, we presented the data on ability of OCA to protect cells from the
harmful effects of AGS on HIV-infected hepatocyte-like RLW cells to mimic ethanol
metabolism observed in primary human hepatocytes. For OCA screening, we did not
use primary human hepatocytes since their supply was limited and they quickly (in
24 h) de-differentiate to loose ethanol-metabolizing capacity.

OCA attenuates AGS-HIV-induced apoptotic cell death and oxidative stress
We found that while AGS + HIV induced caspase 3 cleavage almost three-fold, pretreatment with OCA suppresses these effects (Figure 1A and B). The same trend (but
with lower magnitude of response to AGS) was observed on cleaved PARP, and OCA
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Figure 1 Obeticholic acid attenuates apoptosis in acetaldehyde-generating system-human immunodeficiency virus-exposed Huh7.5-CYP
cells. A: Cleaved caspase 3 (western blot, representative blot); B: Cleaved caspase 3 cleavage, quantification; C: Cleaved PARP (western blot, representative blot);
D: Cleaved PARP, quantification; E: M30 ELISA. All data were obtained from 3 independent experiments and presented as mean ± SEM. Bars with different letters
are significantly different at P ≤ 0.05. AGS: Acetaldehyde-generating system; HIV: Human immunodeficiency virus; OCA: Obeticholic acid.

also suppressed it (Figure 1C and D). Measuring cleaved cytokeratin 18 by M30 ELISA
in cell supernatants, we found that OCA attenuated AGS-HIV-induced apoptosis in
hepatocytes (Figure 1E). Since apoptosis may be induced by elevated p53, we
measured the induction of p53 mRNA by AGS+HIV, in the presence or absence of pancaspase inhibitor or OCA. As shown on Figure 2A, while AGS and HIV induced p53
mRNA level two-fold, both OCA and pan-caspase inhibitor reduced p53 expression
only by 14%. In addition, OCA attenuated AGS-HIV-induced ROS production
(Figure 2B), thereby protecting liver cells from oxidative stress.

OCA suppresses accumulation of HIV in hepatocytes
We measured the effects of OCA on accumulation of HIVgag RNA (RT-PCR) and p24
(western blot) induced by AGS + HIV exposure to RLW cells. In these experiments,
OCA suppressed the treatment-induced HIVgag RNA levels by 50% (Figure 3A) and
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Figure 2 Effects of obeticholic acid on p53 mRNA and reactive oxygen species production in human immunodeficiency virus-infected
Huh7.5-CYP cells exposed to acetaldehyde-generating system. A: p53 mRNA; B: Reactive oxygen species production. All data were obtained from 3
independent experiments and presented as mean ± SEM. Bars with different letters are significantly different at P ≤ 0.05. AGS: Acetaldehyde-generating system;
HIV: Human immunodeficiency virus; OCA: Obeticholic acid.

Figure 3 Obeticholic acid suppresses human immunodeficiency virus expression in Huh7.5-CYP cells exposed to acetaldehydegenerating system + human immunodeficiency virus. A: Human immunodeficiency virus (HIV) gagRNA; B: p24; C: HIV DNA. All data were obtained from 3
independent experiments and presented as mean ± SEM. Bars with different letters are significantly different at P ≤ 0.05. AGS: Acetaldehyde-generating system;
HIV: Human immunodeficiency virus; OCA: Obeticholic acid.
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p24 –by 26% (Figure 3B and C). OCA also decreased the level of HIV DNA in RLW
cells by about 60% (Figure 3D), with no integration of HIV DNA in cell genome. As
has been shown by us before, the accumulation of HIV components in RLW cells is
controlled by HIV-AGS-decreased lysosomal and proteasomal activities[6]. In fact, we
observed partial restoration of chymotrypsin-like proteasome and cathepsin B and L
lysosomal activities by OCA; however, OCA did not restore AGS-HIV-affected
trypsin-like proteasome activity (Figure 4A-D).

OCA reduces pro-fibrotic activation of HSC by engulfment of HIV-containing
apoptotic hepatocytes
AB generated from uninfected (control) or HIV-infected RLW cells were exposed to
LX2 cells, followed by measurement of Col1A1 and TGF-β mRNAs by RT-PCR. We
found that HIV-containing apoptotic cells induced more prominent pro-fibrotic
activation of HSC than uninfected apoptotic cells; OCA suppressed this pro-fibrotic
HSC activation by uninfected AB and to most extend, by ABHIV engulfment (Figure 5A
and B).
To characterize the effects of OCA on inflammasome activation in HSC, we
measured NRLP3, caspase 1 and pro-inflammatory cytokines, IL-6 and IL-1β mRNA
expression induced by engulfment of uninfected AB and HIV-containing AB, Upregulation of NRLP3, caspase 1, IL-6 and IL-1 β levels by HIV-containing AB was
successfully prevented by OCA treatment (Figure 6).

DISCUSSION
As previously shown, HIV accumulation induced by pre-exposure of cells to ethanol
metabolites, mainly acetaldehyde produced by AGS, induces oxidative stress and
apoptosis in hepatocytes. This is beneficial due to infected hepatocytes clearance
before the integration of HIV DNA into human genome occurs. However, intensive
hepatocyte apoptosis may have detrimental outcomes since HIV-containing apoptotic
hepatocytes induce pro-fibrotic activation of HSC, thereby promoting fibrosis
development[6]. Here, we investigated whether OCA protects from AGS-HIV-induced
hepatocyte apoptosis, which causes HSC activation by ABHIV engulfment to drive liver
fibrosis development.
In our model, OCA pre-treatment attenuated apoptosis (caspase 3 and PARP
cleavage as well as cleaved cytokeratin 18 expression) in AGS-HIV-exposed liver cells.
Unlike suppression of p53 expression on liver cells by OCA reported in HIV-noninfected cells by others[11], here, OCA mildly suppressed AGS-HIV-induced p53
mRNA. Apoptotic hepatocyte death was triggered by oxidative stress induced by AGS
and HIV in CYP2E1-expressing RLW cells. In our hands, OCA indeed suppressed ROS
production, thereby attenuating oxidative stress, which corroborated the data obtained
on different models[17,18]. Here, the suppression of oxidative stress by OCA restores
proteasome and lysosome functions, which increases the degradation of HIV
proteins[19,20] and thus, diminishes the expression of HIV gag RNA and p24 gag protein
in infected RLW cells. However, as we established before, the prevention of HIV and
AGS- induced apoptotic hepatocyte death by exposure to pan-caspase inhibitor causes
accumulation of cells with integrated HIV DNA[6], which is an unwanted event.
Importantly, while OCA pre-treatment suppresses apoptosis in HIV-infected
hepatocytes, there was no increase in hepatocytes expressing integrated HIV DNA.
In addition to beneficial effects of OCA on attenuation of HIV-AGS-induced
hepatocyte death and reduction of HIV markers expression, OCA also reverses profibrotic activation (based on Col1A1 and TGF-β mRNA levels) of HSC by engulfment
of HIV-containing apoptotic hepatocytes. Similar event was observed by[10] on CCl4injured mice, indicating that OCA controls HSC activation triggered via multiple
mechanisms. One of this mechanisms contributing to liver fibrosis progression is an
activation of inflammasome pathway in HSC[21]. In fact, we observed the reversing
effect of OCA on this pathway in HSC, which supports anti-fibrotic activity of OCA.
Thus, the suppression of pro-fibrotic activation by OCA in HSC is crucial for liver
fibrosis development.
In fact, in vivo protection from early alcohol-induced liver damage by OCA has been
already demonstrated on alcohol-fed uninfected mice without disclosing the
mechanisms, by which this happened[22]. Furthermore, in monocytes from peripheral
blood of HIV-infected patients, the expression of nuclear receptors, including FXR,
was reported to be low[23], and the treatments with FXR agonists like OCA might play a
beneficial role. Importantly, in HIV-infected alcohol-abused patients, the efficacy of
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Figure 4 Restorative effects of obeticholic acid on proteasomal and lysosomal activities in acetaldehyde-generating system-human
immunodeficiency virus-exposed Huh7.5-CYP cells. A: Chymotrypsin-like activity, proteasome; B: Trypsin-like activity, proteasome; C: Cathepsin B activity,
lysosome; D: Cathepsin L activity, lysosome. All data were obtained from 3 independent experiments and presented as mean ± SEM. Bars with different letters are
significantly different at P ≤ 0.05. AGS: Acetaldehyde-generating system; HIV: Human immunodeficiency virus; OCA: Obeticholic acid.

OCA treatment has never been tested. Furthermore, these studies have not been done
in the context of HIV-affected liver function. Our experiments provides in vitro
evidence for protective effects of OCA from liver fibrosis progression induced by HIV
and ethanol metabolism. The major limitation of this innovative study is that the
results are currently based only on in vitro, but not in vivo experiments. Nevertheless,
these in vitro experiments are necessary to characterize the exact mechanisms, by
which OCA prevents HIV/ethanol metabolism-induced liver injury. These
mechanisms are difficult to identify by in vivo studies, due to multiple triggers of liver
fibrosis progression. We plan to confirm the in vitro effects of OCA in future by in vivo
studies on humanized mice model since only these mice can be infected with human
live HIV and fed the liquid ethanol-containing diet. Thus, our current in vitro study
pioneers in justifying OCA inclusion to the treatment scheme of HIV-infected alcohol
abusers with high risk of liver fibrosis development.

CONCLUSION
In conclusion, in HIV-infected hepatocytes exposed to continuously released
acetaldehyde, OCA attenuates apoptotic death of infected cells and pro-fibrotic
activation of HSC by engulfment of apoptotic HIV+ hepatocytes, thereby protecting
from liver fibrosis development.
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Figure 5 Anti-fibrotic effects of obeticholic acid on hepatic stellate cells activated by engulfment of apoptotic Huh7.5-CYP cells. A: Col1A1
mRNA; B: Transforming growth factor-β mRNA. All data were obtained from 3 independent experiments and presented as mean ± SEM. Bars with different letters are
significantly different at P ≤ 0.05. TGF: Transforming growth factor; HIV: Human immunodeficiency virus; OCA: Obeticholic acid.

Figure 6 Obeticholic acid suppresses acetaldehyde-generating system-human immunodeficiency virus-induced activation of
inflammasome, mRNAs. A: NLRP3; B: Caspase 1; C: Interleukin (IL)-6; D: IL-1β. All data were obtained from 3 independent experiments and presented as mean
± SEM. Bars with different letters are significantly different at P ≤ 0.05. IL-6 and IL-1β: -interleukins B and IL-1β; HIV: Human immunodeficiency virus; OCA:
Obeticholic acid.
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ARTICLE HIGHLIGHTS
Research background
Due to frequent association of morbidity and mortality of human immunodeficiency
virus (HIV)-infection with liver injury, the inclusion of drugs with anti-fibrotic activity
to the treatment of people living with HIV (PLWH) is pathogenically important.
Alcohol consumption is known to speed up liver fibrosis development. Previously, we
have shown that the exposure of hepatocytes to HIV and ethanol metabolites causes
high oxidative stress, impairs proteasomal and lysosomal functions leading to
accumulation of HIV in these cells, which end-ups with apoptotic cell death and
finally, promotes progression to liver fibrosis.

Research motivation
The combined exposure of hepatocytes to HIV and alcohol induces hepatotoxicity and
pro-fibrotic activation of hepatic stellate cells (HSC). Since HIV replication in
hepatocytes is abortive, it cannot be fully controlled by antiretroviral therapy (ART)
and thus, to prevent liver fibrosis progression in alcohol-abused PLWH, ART should
be combined with the drugs suppressing apoptosis without enhancing HIV DNA
integration in hepatocytes and decreasing pro-fibrotic activation of liver nonparenchymal cells.

Research objectives
The objective of this study was to investigate whether obeticholic acid (OCA) prevents
HIV/ethanol metabolism-induced activation of HSC by HIV+ apoptotic hepatocyte
engulfment, thereby diminishing liver fibrosis.

Research methods
The study was performed on hepatocyte-like Huh7.5-CYP (RLW) cells infected with
HIV ADA and exposed to acetaldehyde-generating system (AGS) in the presence or
absence of OCA. As an end-point, we have measured expression of HIV-related
markers (HIVgagRNA-by real-time polymerase chain reaction (PCR), p24- by western
blot, HIV DNA-by semi-nested PCR, integrated HIV DNA-by ddPCR) and non-HIVrelated parameters (lysosomal and proteasomal activities, hepatocytes apoptosis). We
also characterized pro-fibrotic activation and inflammasome induction in HSC (LX2
cells) by HIV-containing apoptotic hepatocytes internalization.

Research results
We found that OCA attenuated HIV-AGS-induced accumulation of HIVgagRNA, HIV
DNA and p24. It suppressed ROS production, restored chymotrypsin-like proteasome
activity as well as cathepsin B lysosome activity and decreased apoptosis in RLW cells.
Exposure of HIV-containing apoptotic hepatocytes to OCA prevented activation of
inflammasome and pro-fibrotic activation of HSC.

Research conclusions
By suppressing oxidative stress and restoring proteasomal and lysosomal functions
impaired by HIV and ethanol metabolism, OCA decreases accumulation of HIV in
hepatocytes, leading to down-regulation of apoptosis in these cells. OCA also reverses
pro-fibrotic and inflammasome-related activation of HSC triggered by engulfment of
HIV-containing apoptotic hepatocytes, potentially contributing to suppression of liver
fibrosis development.

Research perspectives
Our in vitro studies are in the frame of pre-clinical characterization of anti-fibrotic
effects of OCA in alcohol-exposed PLWH with a high risk of liver fibrosis
development. At the next step, these in vitro effects will be confirmed by in vivo
experiments on humanized mice infected with HIV and fed ethanol diet.
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Abstract
BACKGROUND
Hepatitis C virus genotype 3a (HCV G3a) is highly prevalent in Pakistan. Due to
the elevated cost of available Food and Drug Administration-approved drugs
against HCV, medicinal natural products of potent antiviral activity should be
screened for the cost-effective treatment of the disease. Furthermore, from natural
products, active compounds against vital HCV proteins like non-structural
protein 3 (NS3) protease could be identified to prevent viral proliferation in the
host.
AIM
To develop cost-effective HCV genotype 3a NS3 protease inhibitors from citrus
fruit extracts.
METHODS
Full-length NS3 without co-factor non-structural protein 4A (NS4A) and codon
optimized NS3 protease in fusion with NS4A were expressed in Escherichia coli.
The expressed protein was purified by metal ion affinity chromatography and gel
filtration. Citrus fruit extracts were screened using fluorescence resonance energy
transfer (FRET) assay against the protease and polyphenols were identified as
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potential inhibitors using electrospray ionization-mass spectrometry (MS)/MS
technique. Among different polyphenols, highly potent compounds were
screened using molecular modeling approaches and consequently the most active
compound was further evaluated against HCV NS4A-NS3 protease domain using
FRET assay.
RESULTS
NS4A fused with NS3 protease domain gene was overexpressed and the purified
protein yield was high in comparison to the lower yield of the full-length NS3
protein. Furthermore, in enzyme kinetic studies, NS4A fused with NS3 protease
proved to be functionally active compared to full-length NS3. So it was concluded
that co-factor NS4A fusion is essential for the purification of functionally active
protease. FRET assay was developed and validated by the half maximal inhibitory
concentration (IC50) values of commercially available inhibitors. Screening of
citrus fruit extracts against the native purified fused NS4A-NS3 protease domain
showed that the grapefruit mesocarp extract exhibits the highest percentage
inhibition 91% of protease activity. Among the compounds identified by LCMS
analysis, hesperidin showed strong binding affinity with the protease catalytic
triad having S-score value of -10.98.
CONCLUSION
Fused NS4A-NS3 protease is functionally more active, which is effectively
inhibited by hesperidin from the grapefruit mesocarp extract with an IC50 value of
23.32 µmol/L.
Key Words: Hepatitis C virus genotype 3a; Non-structural protein 3 protease; Fluorescence
resonance energy transfer assay; Citrus extract; Mass spectrometry; Hesperidin
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Core Tip: The manuscript describes the screening of active metabolites in citrus fruit
extracts against hepatitis C virus genotype3a non-structural protein 3 (HCV-G3a NS3)
protease. In this study, conditions have been optimized to get highly purified and
functionally active protein HCV NS3. Further, fluorescence resonance energy transfer
assay was used to screen the citrus extracts against NS3 protease. By using liquid
chromatography coupled with tandem mass spectrometry/mass spectrometry analysis
and bioinformatics modeling approaches, the observed activity of citrus extracts
against HCV genotype3a NS3 protease was ascribed to hesperidin. Fluorescence
resonance energy transfer assay confirmed the inhibitory potential of hesperidin against
NS4A-NS3 protease domain with an half maximal inhibitory concentration value of
23.32 µmol/L.
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INTRODUCTION
Hepatitis C virus (HCV) is responsible for chronic hepatitis C disease in humans[1].
HCV infection remains asymptomatic and the virus persists in approximately 80% of
untreated cases, which may ultimately lead to liver cirrhosis and finally hepatocellular
carcinoma[2]. HCV is a major global cause of morbidity and mortality affecting more
than 170 million people[3]. Annually, 400000 patients die worldwide due to HCV
infection[4]. In Pakistan, the prevalence of HCV infection is estimated to range from 4%6%[5-7]. Seven pathogenic HCV genotypes with subtypes have been identified[8] and
genotype 3a is predominant in Pakistan[7].
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In recent years, direct acting antiviral drugs have revolutionized HCV treatment.
Sofosbuvir (a non-structural protein [NS] 5B inhibitor) and daclatasvir (a nonstructural protein 5A [NS5A] inhibitor) have demonstrated sustained virologic
response of more than 90% and have far fewer adverse events compared to previous
treatment options. Sofosbuvir was the first nucleotide analogue that was found to be
effective alone against HCV without interferon combination, which opened new
gateways for development of additional direct acting antiviral drugs with excellent
therapeutic outcomes[9]. The earlier Food and Drug Administration (FDA)-approved
NS3 protease inhibitors, boceprevir and telaprevir were only effective against HCV
genotype 1 (mainly prevalent in western countries) and less effective against genotype
3a, most prevalent genotype in Pakistan. However, the recently FDA-approved NS3
protease inhibitor glecaprevir has shown broad or pan-genotypic activity against HCV
with much reduced side effects, especially in combination with pibrentasvir (ABT-530,
NS5A inhibitor) as a single tablet. However, the high cost of protease inhibitors limits
their use in resource-limited countries rendering the global eradication of HCV
infection a difficult goal.
According to recent World Health Organization report, globally, the landscape for
traditional and complimentary medicines has been steadily expanding[10] and a large
number of world populations rely on traditional medicines that use natural products
for treatment of viral and other infections[11].
Efforts have been made to identify extracts and natural products isolated from citrus
family to inhibit HCV genotype 3a NS3 protease, because citrus fruits are considered
as a treasure trove of several active natural metabolites, including coumarins,
alkaloids, flavonoids, limonoids, essential oils, phenolic acids and carotenoids. The
anti-oxidative[12-18], anti-inflammatory[19-21], and anti-cancer properties[22-24], as well as
cardiovascular[25], neuroprotective[26,27] and hepatoprotective effects[28,29] of citrus and
their extracts have been extensively reported[30-33]. Moreover, citrus metabolites have
been used in many Asian countries as traditional medicinal herbs for treatment of
digestive disorders, common cold and influenza, constipation and diarrhea, fluid
retention, irritable bowel syndrome, persistent headaches, skin disorders, anxiety,
depression, allergies, osteoarthritis, rheumatoid, prostate disorders as well as stomach
and breast cancer[34,35].
In the current study, we have successfully produced a highly purified, stable and
functionally active HCV NS3 protease of genotype 3a in fusion with its co-factor
NS4A. After validating the fluorescence resonance energy transfer (FRET) assay using
commercially available protease inhibitors, the extracts from citrus × paradisi
(grapefruit), citrus sinesis (orange), citrus aurantinum (bitter orange), citrus reticulata
(mandarin) and citrus limon (lemon) were collected, enriched and evaluated. The most
active extract was analyzed and characterized using high-performance liquid
chromatography coupled with tandem mass spectrometry (LCMS/MS). Candidate
compounds from most active extracts were docked against the HCV NS3 protease
structure to identify the most promising natural product, which was acquired and
further evaluated to inhibit HCV NS3 protease using a FRET assay. As a result, this
study has pinpointed the most active natural product from citrus family against NS3
protease of HCV genotype 3a.

MATERIALS AND METHODS
Plasmid constructs
The pET11a-His6-NS3 construct was provided by Dr. Ikram Anwar (former PhD
student, Drug Discovery and Structural Biology Lab, NIBGE, Pakistan). In pET11aHis6-NS3, the nucleotide sequence of full-length NS3 (encoding both protease and
helicase domains comprising amino acid 1 to amino acid 631) of hepatitis C virus
genotype 3a was cloned into Bam HI/Hind III restriction sites of pET11a vector
(Novagen, Madison, WI, United States) using respective restriction enzymes[36]. The
NS3 sequence in the pET11a-His6-NS3 construct was placed in the reading frame with
the N-terminal His6-tag (Supplementary Figure 1A).
Another construct inserted with the NS3 protease domain in fusion with the core of
NS4A activator peptide at the C-terminal was named pET11a-His7-NS4A-NS3 (
Supplementary Figure 1B) and synthesized by GenScript (Piscataway, NJ, United
States); further description is given in the Supplementary information.

Expression of full-length NS3 and NS3 protease in Escherichia coli
For expression of full-length His6-NS3 (contain a serine protease and an RNA helicase)
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competent cells of BL21-CodonPlus (DE3)-RIL and Escherichia coli BL21 (DE3) were
transformed with pET11a-His6-NS3. For expression of the NS3 protease, pET11a-His7NS4A-NS3 was transformed into E. coli BL21 (DE3) cells considering the codonoptimized nucleotide sequence of NS3 protease. Further details of the expression
experiments are given in the Supplementary information.

Purification of full-length NS3 and NS4A-NS3 protease domain
For purification, E. coli cell paste of pET11a-His6-NS3/BL21-CodonPlus (DE3)-RIL or
pET11a-His7-NS4A-NS3/BL21 (DE3) was resuspended in ice-cold 25 mmol/L 4-(2hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) pH 7.6 added with 20%
glycerol, 0.5 mol/L NaCl, 2.5 mmol/L β-mercaptoethanol and 0.4% Triton X-100[36] or
25 mmol/L HEPES (pH 7.5), 1 mol/L NaCl, 25 mmol/L Imidazole and 10% glycerol
(buffer A). Both proteins were purified by Nickel affinity chromatography and gel
filtration; the detailed procedure is presented in the Supplementary information.

Activity measurement of full-length NS3 and NS4A-NS3 protease domain
The FRET assay was performed to determine protease activity, using the depsipeptide
substrate Ac-Asp-Glu-Asp-(EDANS)-Glu-Glu-Abu-ψ-[COO]-Ala-Ser-Lys(DABCYL)NH2 (AnaSpec, San Jose, CA, United States). The NS3 Protease domain cleaves the
depsipeptide substrate, which results in the generation of fluorescence that can be read
continuously on a fluorescence plate reader (THE SPARK®; TECAN, Morrisville, NC,
United States) at their desired excitation (355 nm) and emission (510 nm) wavelengths.
The synthetic peptide KKGCVVIVGHIELGK obtained from LifeTein LLC (Somerset,
NJ, United States)[37] corresponding to the central part of HCV NS4A was the co-factor
necessary for NS3 protease activity. To increase its solubility, two N-terminal lysine
residues were also added[37,38]. To analyze the activity of His6-NS3, the enzyme was
further diluted to 1 nM in an assay buffer (50 mmol/L HEPES pH 7.5; 10 mmol/L
DTT; 0.4% triton X-100, 40% glycerol, and 3% dimethylsulfoxide conc. in each well)
and pre-incubated with NS4A-peptide (25 µmol/L) at 30°C for 10 min. Whereas,
NS4A-NS3 protease domain was diluted to a final concentration of 0.5 nmol/L in the
assay buffer and then was incubated for 10 min at 30°C (no separate cofactor was
added). To initiate the reaction, substrate (10 µL) was added in a 2-fold serial dilution
with maximum concentration of 4 µmol/L. Lastly, two places in 96-well plates were
used as a control containing reaction mixture without substrate. Inner filter effect
corrections of substrate were done as previously described[39]. To determine the
kinetics of enzyme (Km, kcat and kcat/Km), the Michaelis-Menton equation was fitted
to the data by non-linear regression using GraphPad Prism® software (GraphPad
Software Inc., San Diego, CA, United States).

Validation of NS4A-NS3 protease domain and FRET inhibition assay
Inhibition experiments using NS4A-NS3 protease domain of genotype-3a were
performed according to a previous protocol[40]. After correcting inner filter corrections,
the assay was validated using commercial-based inhibitors: Ciluprevir, telaprevir,
asuanaprevir, and danoprevir (AdooQ® Bioscience, Irvine, CA, United States). To this
end, the NS4A-NS3 protease domain was pre-incubated with inhibitor before adding
depsipeptide substrate (1 µmol/L). Half maximal inhibitory concentration (IC50) values
were obtained using GraphPad Prism® software (GraphPad Software Inc.) [41]. The
reaction was monitored at wavelengths 355 nm (excitation) and 510 nm (emission), for
20, 30, or 60 min. All activity measurements were done in triplicate. The final
percentage of enzyme inhibition was calculated as average from three independent
experiments[42]. Errors were calculated as the standard deviation (SD), and IC50 values
were calculated as previously described.

Preparation of extracts
Five varieties of citrus fruits (citrus × paradisi [grapefruit], citrus sinesis [orange],
citrus aurantinum [bitter orange], citrus reticulata [mandarin], and citrus limon
[lemon]) were used in this study. The different parts of dried and crushed citrus plants
materials were provided by Jiaherb Inc. (Pine Brook, NJ, United States) and Sanjiang
Bio (Walnut, CA, United States). These powdered extracts were packed in opaque
storage bags and stored at -20°C for future use[43]. The extraction procedure is further
described in the Supplementary information.

Inhibition of HCV NS4A-NS3 protease activity by plant extracts
An opaque 96-well plate was used to perform enzyme inhibition assays as described in
the Supplementary information. All extracts were tested at a final 3-fold dilution
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ranging from 1.566 µg/mL to 3.33 mg/mL. The inhibition was calculated as the
average from three independent experiments[42]. Errors were calculated as the SD, and
IC50 values were calculated as mentioned above.

LCMS analysis of extracts
For electrospray ionization (ESI)-MS/MS analysis, the dried extracts, which indicated
the best inhibition activity by FRET assay, were dissolved in LCMS-grade methanol
and subjected to ESI-MS/MS analysis using the LTQ XL Linear Ion Trap Mass
Spectrometer (Thermo Fisher Scientific, Waltham, MA, United States), equipped with
an ESI probe as explained in the Supplementary information.

Modeling predictions of compounds using bioinformatics software
Compounds identified by ESI-MS/MS analysis were tested in docking studies using
molecular operating environment (MOE) software by means of the following
communications, i.e. Intel [R] xenon [R] CPU E5620@2.40 GHz system, which has
3.8GB RAM having 11.4 [X 86_64] operating system[44,45]. Structures of identified
compounds were constructed using chembiodraw ultra 14.0 software. HCV NS4A-NS3
protease domain (receptor protein) was modeled by SWISS-MODEL. Three
dimensional (3D) protonation and energy minimization were performed using
standard MOE parameters. Then docking analysis with default MOE parameters was
used to check the interaction of selected ligands to the receptor protein and find the
correct ligand conformation. After docking, best conformations were analyzed
depending on least S-score values for hydrogen bonding/π-π interactions[46].

Evaluation of pure natural product (hesperidin)
After the identification of specific natural product (hesperidin) by ESI-MS/MS analysis
and its further interaction with NS3 protease by molecular docking, hesperidin (90%
pure; Jiaherb) was subjected to inhibitory activity analysis. Inhibition experiments
using the NS4A-NS3 protease domain were performed as previously described[40] and
IC50 values were calculated.

RESULTS
Expression and purification of full-length NS3 and NS4A-NS3 protease domain
To test the efficacy of selected inhibitors against the HCV-NS3 protease domain, fulllength NS3 (containing the serine protease and an RNA helicase domains) and a
NS4A-NS3 protease domain were produced by recombinant means. To this end,
expression of full-length His6-NS3 from pET11a-His6-NS3 expression vector (
Supplementary Figure 1) was performed in E. coli BL21 (DE3) and BL21-CodonPlus
(DE3)-RIL as described in the Methods section. High expression levels of His6-NS3
were obtained in BL21-CodonPlus (DE3)-RIL compared to BL21 (DE3) cells, as
detected by the appearance of a 68.3 kDa band on a Coomassie blue-stained sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels (Figure 1A and
B). Therefore, further expression of His6-NS3 was performed in BL21-CodonPlus
(DE3)-RIL. For the NS4A-NS3 protease domain (22.5 kDa), high expression levels were
achieved in E. coli BL21 (DE3) using the pET11A-His7-NS4A-NS3 expression vector
(Figure 1C, Supplementary Figures 1 and 2).
Full-length His6-NS3 and His7-NS4A-NS3 protease domain were purified to
homogeneity by Ni-NTA affinity chromatography. A high level of purity (> 95%) was
achieved for the His7-NS4A-NS3 protease domain compared to His6-NS3, as
determined by Coomassie blue-stained SDS-PAGE gels (Supplementary Figure 3). To
remove impurities from the affinity-purified His6-NS3 samples, gel filtration was
performed that yielded a protein of high purity (Figure 1D, Peaks 1 and 2). For the His7
-NS4A-NS3, native NS4A-NS3 protease domain of high purity was obtained by
cleaving the His7-tag from the protein with TEV protease and purification by nickelaffinity chromatography and gel filtration (Supplementary Figures 1D and 4).
Purification yield of full-length His6-NS3 and NS4A-NS3 protease domain 0.55 and 6
mg per liter culture volume was obtained, respectively.

Activity analyses of full-length His6-NS3 and NS4A-NS3 protease domain
The activity of the purified full-length His6-NS3 and NS4A-NS3 protease domain were
measured using a FRET-based assay as described in the Methods section. An increase
in activity of the NS4A-NS3 protease domain was observed upon an increase in
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Figure 1 Expression and purification of full-length His6-NS3 and non-structural protein 4a-non-structural protein 3 protease domain. A:
Analysis of the full-length His6–NS3 protein (68.3 kDa) expressed in Escherichia coli BL21 (DE3) using pET11a-His6-NS3. Lane M: SeeBlueTM Pre-Stained Protein
Marker (LC5625); Lane UI: Uninduced BL21 (DE3) cells and Lane I: Induced BL21 (DE3) cells; B: Analysis of soluble and insoluble fractions of the His6–NS3 protein
expressed in E. coli BL21-CodonPlus (DE3)-RIL cells using pET11a-His6-NS3. Lane M: Invitrogen Cat 1891868 See Blue® Plus2 Pre-Stained ladder; Lane UI:
Uninduced cells; Lane I: Induced cells; Lane T: Total cell lysate of induced cells; Lane S: Soluble fraction of lysed cells; C: Analysis of soluble and insoluble fractions
of the His7–non-structural protein 4a-non-structural protein 3 (NS4A-NS3) protease domain expressed in E. coli BL21 (DE3) cells using pET11a-His7-NS4A-NS3. Lane
M: SeeBlueTM Pre-Stained Protein Marker (LC5625); Lane UI: Uninduced cells; Lane I: Induced cells; Lane T: Total cell lysate of induced cells; Lane S: Soluble
fraction of lysed cells; D: Analysis of the Ni-NTA His6–NS3 protein by gel filtration, presence of proteins in peak 1, 2 and 3 is analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis; and E: Analysis of the native NS4–NS3 protease domain by gel filtration, presence of proteins in peak 1 and 2 is analyzed by
sodium dodecyl sulfate polyacrylamide gel electrophoresis.

depsipeptide substrate concentration (0.0625 to 6 µM) whereas with full-length His6NS3, no obvious activity was detected although the experiment was repeated several
times (Supplementary Figure 5A and B). Moreover, the kinetic data revealed that the
NS4A-NS3 protease domain exhibited a Km of 6.39 µM and catalytic efficiency
(kcat/Km) of 0.015 µM-1.s-1 (15 nM-1.s-1) (Figure S5C) and qualified for conducting assays
for an intensive search for inhibitors.
Furthermore, before embarking upon inhibition of the NS4A-NS3 protease domain
by natural extracts/compounds, validation of the inhibition assay was done using
commercial inhibitors. BILN 2061, VX-950, asuanaprevir and danoprevir inhibited the
activity of the NS4A-NS3 protease domain with IC50s of 52.28 ± 13.08, 69.59 ± 13.42,
69.42 ± 13.48 and 24.42 ± 8.04 nM, respectively (Figure 2). The obtained IC50 values
validated the assay and suggested that the activity of the purified NS4A-NS3 protease
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Figure 2 Inhibition of non-structural protein 4a-non-structural protein 3 protease domain by commercial inhibitors. A: VX-950; B: Danoprevir;
C: Asunaprevir; and D: BILN 2061 and determination of inhibition constant (IC50).

domain was inhibited by commercial inhibitors and the conditions for FRET assay
were properly optimized.

Screening of citrus extracts against NS4A-NS3 protease domain of genotype 3a
using the FRET assay
After validating the FRET assay, 14 extracts of citrus fruit varieties were collected.
Extracts from different parts of citrus (described in methods) were evaluated against
the NS4A-NS3 protease domain of genotype 3a. Among them, top five extracts
exhibited highest percentage inhibition of protease activity were selected. Selected
extracts strongly inhibited the activity of NS4A-NS3 protease domain, i.e. grapefruit
mesocarp extract, showed highest 91% inhibition of protease with an IC50 value of 7.51
± 0.87 µg/mL; orange extract (exhibited 86% inhibition of protease with an IC50 value
of 33.39 ± 1.52 µg/mL; bitter orange extract showed 85% inhibition of protease with an
IC50 value of 40.24 ± 1.60 µg/mL; mandarin extract showed 82% inhibition with an IC50
value of 65.40 ± 1.81; and lemon extract inhibited 80% of protease activity with an IC50
value of 74.60 ± 1.86 µg/mL. Among these extracts, grapefruit mesocarp extract
showed highest percentage inhibition (91%) with lowest IC50 value of 7.51 ± 0.87
µg/mL against NS4A-NS3 protease domain of genotype 3a using the FRET assay
(Figure 3).

ESI-MS/MS analysis of grapefruit mesocarp extract
The grapefruit mesocarp extract exhibiting the best activity against NS4A-NS3
protease domain was subjected to ESI-MS/MS analysis to reveal the identification of
active natural product(s). Among the tested extraction solvents, n-hexane proved to be
the best in minimizing the noise and showing maximum polyphenol natural products
at negative ion mode (Figure 4). The full scan mass spectrum followed by the
fragmentation through collision induced dissociation (CID) of the ion peaks of extract
in negative ion mode [M-H]1- revealed the presence of aliphatic and aromatic organic
acids (with and without glycans), lactones (bergapten at m/z 215 and (R)-marmin at
m/z 331), flavonoids, i.e. alpinetin at m/z 269, hesperitin at m/z 301,
polymethoxyflavone at m/z 435, naringenin arabinofuranose at m/z 535, naringin at
m/z 579, hesperidin at m/z 609, neohesperidin at m/z 610 and anthocyanin (cyanidin3-O-sophoroside chloride at m/z 645). At positive ionization mode [M+H]1+ the
synephrine, limonene and tangeretin were identified. These compounds were
recognized by tandem mass spectrometry and hesperidin analysis data (as a
representative) as described below.
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Figure 3 Percentage inhibition pattern and inhibition constant calculation of non-structural protein 4a-non-structural protein 3 protease
domain by different citrus fruit extracts inhibitors. A: Grapefruit mesocarp extract; B: Orange extract; C: Bitter orange extract; D: Mandarin extract; and E:
Lemon extract. IC50: Inhibition constant.

Among all of the identified compounds, hesperidin flavonoid was the most
abundant natural product in grapefruit mesocarp extract, giving a base peak at m/z
609.3 in negative ion mode. To confirm the hesperidin structure, the molecular ion at
m/z 609.3 was fragmented (@CID 15.0) that yielded the daughter ions at m/z 463 (as a
minor peak) and at m/z 301 as a base peak by losing one and two glycans,
respectively, as described in Figure 5A. The peak at m/z 301 (hesperitin) was further
subjected to MS3 fragmentation (@CID20.0), which produced 19 daughter ions, i.e. m/z
286 (-CH3•), further generating the fragments at m/z 268 (-H2O), m/z 258 (-CO) and
m/z 257 after double bond rearrangement (Figure 5B). The ion peak at m/z 258
generated two signals at m/z 151 and m/z 125 by the loss of B and C rings,
respectively. The hesperitin (m/z 301) generated a peak at m/z 283 by loss of H2O
producing the alkyne adduct and/or a fragment with extended conjugation on C ring,
which further produced an entity at m/z 241 after losing CO2. The alkyne adduct at
m/z 283 can yield m/z 268 by losing a methyl radical. The ion peaks at m/z 257, m/z
242 and m/z 227 were produced by the loss of CO2, followed by that of CH3• and O•,
respectively, from hesperitin (m/z 301). The ion peak at m/z 151 can be produced
directly from m/z 301 and/or any of the other adducts having C ring intact through
retro Diels-Alder reactions. Notably, m/z 151 accompanied by m/z 125 are the
signature ion peaks generated from most of the flavonoid aglycones during their
tandem mass spectrometry[47]. The fragment at m/z 301 also generated fused ring
adducts at m/z 259, m/z 215, m/z 199 and m/z 185. All of the ion peaks confirmed
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Figure 4 Electrospray ionization mass spectrometry analysis of grapefruit mesocarp extract on negative ion mode.

the hesperidin structure[47,48]. Additionally, the data were fully correlated with
fragmentation of authentic hesperidin sample.

Modeling predictions of compounds using bioinformatics software
The homology model of HCV NS4A-NS3 protease domain was developed using the
HCV NS3/NS4A protease crystal structure (PDB ID: 3P8N) as a template that has
76.80% sequence identity with the template confirming a high-quality model. The
homology model (Figure 6A) was in a closed flap conformation with GMQE and
QMean scores of 0.81 and -1.77, respectively. The model was further validated by the
values of the ramachandran plot analysis (http://mordred.bioc.cam.ac.uk/) (98% in
the most favored region). Analysis with verify 3D software showed that 84.62% of the
residues averaged a 3D-1D score of ≥ 0.2, and the overall quality factor measured
ERRAT software was 93.4%.
Among the identified citrus phytochemicals from the grapefruit mesocarp extract,
hesperidin exhibited a good docking score [S-score = -10.98] and most importantly, it
bound tightly with the catalytic residues of HCV NS4A-NS3 protease domain (HIS 57,
ASP 81, and SER 139) (Figure 6B). Hence, it may be worth further exploring against
NS4A-NS3 protease domain of HCV genotype 3a.
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Figure 5 Proposed fragmentation of hesperidin based on quasi-electrospray ionization -MSn (up to MS3) spectra in negative ion mode.

Evaluation of pure flavonoids
The ESI-MS/MS analysis of the most active extract (grapefruit mesocarp) followed by
simulation data, reveals that hesperidin is the most abundant and highly active
inhibitor of the NS4A-NS3 protease domain of genotype-3a. The investigations
inspired us to acquire hesperidin from commercial sources (Jiaherb) and evaluate its
inhibition potential. Inhibition experiments with NS4A-NS3 protease domain of
genotype-3a were performed according to the protocol described in methods.
Hesperidin was tested at a concentration range of 1.23 µg/mL-1.67 mg/mL in the
FRET assay, which gave IC50 value of 23.32 µmol/L (Figure 6C).
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Figure 6 Inhibition studies of hepatitis C virus non-structural protein 4a-non-structural protein 3 protease domain by hesperidin. A:
Hepatitis C virus (HCV) non-structural protein 4a-non-structural protein 3 (NS4A-NS3) protease domain model built by Swiss Model in the blue color cartoon. The
active site residues are represented in yellow color for clarification; B: Docking of Hesperidin inside the receptor-binding site of HCV NS4A-NS3 protease domain (HIS
57, ASP 81 and SER 139). Hesperidin is represented in orange color. Blue ribbon represents protease domain of HCV NS3; and C: Inhibition constant (IC50)
calculation of HCV NS4A-NS3 protease domain by hesperidin.

DISCUSSION
A multifunctional NS3 of HCV comprising of serine protease domain at N-terminal
and a C-terminal RNA helicase domain. The protease domain requires the NS4A
activator peptide to cleave 3 of its 4 polyprotein processing sites[49,50] and therefore
provides an attractive target for inhibition of viral replication[51]; the protease is much
more efficient at cleaving the fourth in the presence of NS4A. In the present study, fulllength NS3 without cofactor NS4A and NS3 protease domain in fusion with co-factor
NS4A from a codon-optimized NS4A-NS3 protease domain open reading frame were
expressed in E. coli and purified (Figure 1). The NS4A-NS3 protease domain showed a
higher purification yield than full-length NS3. Full-length NS3 did not display any
detectable protease activity. This might be because the NS4A was not fused with the
sequence of full-length NS3 and a separate synthetic NS4A peptide was used in
activity assay buffer which may not bind to the proper site in NS3 to increase protease
cleavage efficiency[52]. Another possible reason is that the fusion provides a higher
effective local concentration of the activator. On the other hand, the native NS4A-NS3
protease domain, containing fused cofactor, showed significant activity with Km and
kcat/Km of 6.39 µmol/L and 0.015 µM-1.s-1, respectively. Moreover, inhibition of the
NS4A-NS3 protease domain using known commercial inhibitors (BILN 2061, VX-950,
asuanaprevir and danoprevir) validated the activity assay (Figure 2), which suggests
that native purified protein can be employed to search for natural inhibitors/
compounds against HCV.
Citrus fruits are important for human health because of their highly nutritious and
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pharmacological activities[51]. They are rich in bioactive compounds including
flavonoids[53]. Flavonoids have inhibitory action against a number of viruses as well.
For example, quercetin, rutin, morin, dihydroquercetin, dihydrofisetin, pelargonidin
chloride, leucocyanidin and catechin have activity against up to seven viruses,
including herpes simplex virus leucocyanidin[54], respiratory syncytial virus[55,56],
poliovirus[57,58], sindbis virus[59] and dengue virus[60]. Because of their abundance and
possible medicinal uses, citrus extracts were included in the present study. Different
plant parts (mesocarp, seeds, pericarp and pulp) of grapefruit, orange, bitter orange,
mandarin and lemon were used to extract the bioactive compounds from them. FRET
assay inhibition study of the tested extracts revealed that grapefruit mesocarp extract
proves to be the more active against NS4A-NS3 protease domain having lowest IC50
value (7.51 ± 0.87 µg/mL) (Figure 3).
ESI-MS/MS analysis of the grapefruit mesocarp extract demonstrated significantly
higher abundance of hesperidin as compared to other metabolites (Figure 4). The
structure of hesperidin was confirmed using the tandem mass spectrometric technique
(Figure 5). Molecular docking studies of the identified flavonoids against the NS4ANS3 protease domain (HCV 3a) revealed that hesperidin demonstrated a potential
inhibitory activity against the NS4A-NS3 protease domain, exhibiting S-score value of
-10.98 and strong binding affinity with the catalytic site residues (his 57, asp 81 and ser
139) (Figure 6A and B). These assumptions were proved when hesperidin (90% purity)
was evaluated against NS4A-NS3 protease domain using the FRET assay, which gave
sub-nanomolar IC50 (23.32 µmol/L) (Figure 6C). This indicated that the predominant
inhibition of grapefruit mesocarp extract was due to the presence of hesperidin in it.
Notably, hesperidin was tested against different viruses, i.e. sindbis virus, vaccinia
virus, parainfluenza virus, herpes simplex virus types 1 and 2, poliovirus, and
vesicular stomatitis virus[59,61,62]. Hesperetin has exhibited an inhibitory effect with an
IC50 value of 20.5 µg/mL (about 68 µM) against sindbis virus infection, by plaque
assay[59]. Moreover, previously docking studies on hesperidin and narirutin showed
their inhibition potential against avian influenza virus H1N1[63], which were consistent
with our results, and their inhibitory activity was experimentally confirmed in another
study[64]. In this study, we found that hesperidin actively inhibited HCV NS3 protein
with an IC50 value of 23.32 µmol/L. Additionally, hesperidin was reported to be active
involving host-factor, i.e. suppression of mitogen-activated protein kinase signaling
pathways in H1N1 infection and this pathway is also activated by HCV[65,66].
Various natural products exhibit the potential to be anti-HCV protease inhibitors.
Among them, epigallocatechin-3 gallate targets both viral cell entry and RNA
replication steps[67] into both primary human hepatocytes and hepatoma cell lines[68]. It
also exhibits an antiviral activity against all HCV genotypes, tested in the HCV
pseudotyped particles (HCVpp system)[69]. Other natural products including quercetin,
honokiol, 3-hydroxy caruilignan C and excoecariphenol D corilagin exhibit anti-HCV
behaviors, which have been tested in vivo or in cellular models. Quercetin exhibited
inhibition of HCV NS3 protease[70]. It has an ability to minimize the production of virus
by inhibiting both NS3 as well as heat shock proteins which are required for the
replication of HCV[71]. Honokiol prevents HCV infection by interfering with their cell
entry and replication process[72], 3-hydroxy caruilignan C also exhibited anti-HCV
activity at both RNA and protein levels[73]. Excoecariphenol D corilagin inhibited HCV
NS3-4A protease with an IC50 values within a range of 3.45-9.03 µmol/L, whereas
excoecariphenol D and corilagin significantly showed potential inhibition of HCV
RNA in huh 7.5 cells[74]. Our findings suggested that hesperidin showed lowest IC50
value = 23.32 µmol/L (Figure 6C) as compared to previously reported natural
products including epigallocatechin-3 gallate (IC50 value = 5-21 µmol/L), honokiol
(IC50 value = 4.5 µmol/L), 3-hydroxy caruilignan C (IC50 value = 37.5 µmol/L) and
excoecariphenol D corilagin (IC50 value = 12.6 and 13.5 µmol/L)[75].
Although FDA-approved, direct-acting antiviral drugs such as mavyret are
available in market, they are very expensive and are not affordable for many HCV
patients in resource limited and developing countries. So, there is a need to study
natural products and to identify potent phytochemicals, which inhibits HCV
replication and can be developed into inexpensive anti-HCV drugs. In conclusion, the
present study identified hesperidin as a potential new inhibitor of HCV protease.
Because hesperidin is an important bioflavonoid widely found in grapefruit
mesocarp[76], its cheap availability may make it an interesting candidate as anti-HCV
drug prospects which might replace other more expensive drugs.

WJH

https://www.wjgnet.com

987

November 27, 2020

Volume 12

Issue 11

Khan M et al. Screening of citrus compounds against NS3-HCV-G3a

CONCLUSION
In this study, HCV NS3 protease fused with co-factor NS4A was found to be
functionally more active compared to full-length NS3. Citrus fruit extracts were
screened using FRET assay against NS4A fused protease. Among these extracts,
grapefruit mesocarp showed the highest percentage inhibition (91% of protease
activity). LCMS data revealed the high abundance of hesperidin in the most active
extract, which was subsequently subjected to docking studies showing strong binding
interaction of hesperidin with the catalytic site residues of NS4A-NS3 protease domain
(S-score = -10.98). Hesperidin inhibited NS4A-NS3 protease domain with an IC50 value
of 23.32 µM in FRET assay.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus genotype 3a (HCV G3a) is highly prevalent in many countries
including Pakistan. FDA-approved drugs have significantly contributed in effective
control of the disease but are expensive and not affordable to a large proportion of the
infected population.

Research motivation
Medicinal natural products having antiviral potential could be screened for the costeffective treatment of the disease. Using such products, inhibition assays against vital
viral proteins like non-structural protein (NS) 3 protease could be developed to
prevent viral proliferation in the host.

Research objectives
This study developed cost-effective HCV G3a NS3 protease inhibitors from citrus fruit
extracts.

Research methods
Codon optimized NS3 protease domain fused with NS4A as well as full-length NS3
constructs were cloned in pET11a expression vector. Both constructs were expressed in
Escherichia coli BL21 (DE3) cells and purification was performed using Ni-affinity
chromatography followed by gel filtration. The fluorescence resonance energy transfer
assay was developed and validated using commercial inhibitors. Furthermore, extracts
from different citrus species, were screened on the basis of percentage inhibition. The
components of the most active extract were identified using electro spray ionizationmass spectrometry/mass spectrometry technique. Docking was performed with
Molecular operating environment software to screen out the potent natural product,
which was acquired in purified form and evaluated against NS3/4A protease using
fluorescence resonance energy transfer assay.

Research results
We successfully overexpressed and purified genotype 3a NS3 protease domain fused
with NS4A and the yield was also higher than full-length NS3 protein. Inhibition of
NS3 protease fused with NS4A protein was tested against different citrus extracts and
grapefruit mesocarp extract showed highest percentage inhibition of protease activity
(91%). Hesperidin was identified as the inhibiting compound in the extract having
docking S-score value of -10.98.

Research conclusions
NS3 protease fused with co-factor NS4A was found functionally more active.
Hesperidin from the grapefruit mesocarp extract showed the inhibition against NS4ANS3 protease domain with an IC50 value of 23.32 µmol/L.

Research perspectives
Hesperidin flavonoid may be further explored as potential antiviral agent against
HCV as an affordable option for infected population.
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Abstract
BACKGROUND
Recent studies have revealed the endocannabinoid system as a potential
therapeutic target in the management of nonalcoholic fatty liver disease (NAFLD).
Cannabis use is associated with reduced risk for NAFLD, we hypothesized that
cannabis use would be associated with less liver-related clinical complications in
patients with NAFLD.
AIM
To assess the effects of cannabis use on liver-related clinical outcomes in
hospitalized patients with NAFLD.
METHODS
We performed a retrospective matched cohort study based on querying the 2014
National Inpatient Sample (NIS) for hospitalizations of adults with a diagnosis of
NAFLD. The NIS database is publicly available and the largest all-payer inpatient
database in the United States. The patients with cannabis use were selected as
cases and those without cannabis were selected as controls. Case-control matching
at a ratio of one case to two controls was performed based on sex, age, race, and
comorbidities. The liver-related outcomes such as portal hypertension, ascites,
varices and variceal bleeding, and cirrhosis were compared between the groups.
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RESULTS
A total of 49911 weighed hospitalizations with a diagnosis of NAFLD were
identified. Of these, 3820 cases were selected as the cannabis group, and 7625 noncannabis cases were matched as controls. Patients with cannabis use had a higher
prevalence of ascites (4.5% vs 3.6%), with and without cannabis use, P = 0.03. The
prevalence of portal hypertension (2.1% vs 2.2%), varices and variceal bleeding
(1.3% vs 1.7%), and cirrhosis (3.7% vs 3.6%) was not different between the groups,
with and without cannabis use, all P > 0.05. Hyperlipidemia, race/ethnicity other
than White, Black, Asian, Pacific Islander or Native American, and higher
comorbidity score were independent risk factors for ascites in the cannabis group.
Among non-cannabis users, obesity and hyperlipidemia were independent
protective factors against ascites while older age, Native American and higher
comorbidity index were independent risk factors for ascites.
CONCLUSION
Cannabis was associated with higher rates of ascites, but there was no statistical
difference in the prevalence of portal hypertension, varices and variceal bleeding,
and cirrhosis.
Key Words: Nonalcoholic fatty liver disease; Fatty liver; Cannabis; Marijuana use; Liver
diseases; Hospitalization
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Recent studies showed the lower prevalence of nonalcoholic fatty liver
disease (NAFLD) among cannabis users compared to non-cannabis users, therefore
suggestive of cannabis’s modulatory role in the development of NAFLD. However, our
case-control matching analysis, based on sex, age, race, and comorbidity, showed
cannabis use as independently associated with higher rates of ascites in patients with
NAFLD. A conceivable explanation for the finding is the dominant effect of
cannabinoid receptor type 1 through its hepatic profibrotic effects in patients with
NAFLD.
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Nonalcoholic fatty liver disease (NAFLD) is now one of the most common liver
diseases worldwide, and its global burden is growing[1]. Weight loss remains the
primary treatment for NAFLD, and other treatment modalities have been actively
studied, including the use of cannabinoids. Emerging evidence suggests that cannabis
may play an important role in the management of various chronic liver diseases[2]. A
retrospective population study by Adejumo et al[3] has shown a dose-dependent
reduction in the prevalence of NAFLD with cannabis use, and cannabis has been
suggested to suppress or even reverse the development of NAFLD.
The prevalence of NAFLD parallels that of the obesity pandemic, and NAFLD is
considered a metabolic disorder where its pathogenesis involves the complex interplay
among hormonal, nutritional, and genetic factors[4]. Aside from a significant weight
loss, another cornerstone of the management is to reduce cardiovascular, oncologic,
and hepatic risk factors for mortality[4,5]. Perhaps, cannabis use can modulate effects on
the development and progression of NAFLD through its metabolic risks and its impact
on hepatic steatosis.
Cannabis use is associated with increased appetite and calorie consumption, but
paradoxically it is associated with reduced risk of obesity and diabetes[6]. In a crosssectional data by Kim et al[6], active cannabis use provided a protective effect against
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NAFLD, independent of metabolic risks. Yet, there has been conflicting evidence
whether or not cannabis induces the progression of chronic liver diseases, but a
systemic review by Farooqui et al[7] showed that when confirmed by liver biopsy, there
was no association between cannabis use and prevalence of hepatic fibrosis. This lack
of association is contrary to initial cross-sectional studies by Hézode et al[8] and Ishida
et al[9] who suggested increased fibrosis in patients who use marijuana.
Here, we aimed to measure clinical outcomes of cannabis use at the national level
among hospitalized patients with NAFLD. Given the previously demonstrated
correlation between cannabis use and reduced prevalence of NAFLD, we
hypothesized that cannabis would be associated with fewer liver-related complications
in patients than in individuals who did not use cannabis. This is the first database
study to investigate cannabinoids’ effects on liver-related outcomes in hospitalized
patients with NAFLD. With our study, we hope to alert clinicians of the possible
relevance of ascertainment of cannabis use, which in turn might alter future routine
assessments to further probe about cannabis use, especially in light of trends showing
recent increases in use in the United States.

MATERIALS AND METHODS
Data source and study population
This study is a retrospective analysis of the 2014 Healthcare Cost and Utilization
Project-National Inpatient Sample (HCUP-NIS). The HCUP-NIS is the largest all-payer
inpatient database in the United States, comprising more than 40 states with more than
7 million annual hospital discharges[3]. Results were extracted from the NIS database
by identifying hospitalized patients older than 18 years with a diagnosis of NAFLD, by
using the corresponding International Classification of Diseases codes: 571.8 (other
chronic nonalcoholic liver disease). We excluded common secondary causes of
intrahepatic fat accumulation by excluding alcoholic liver disease, hemochromatosis,
viral hepatitis B and C, primary biliary cirrhosis, autoimmune hepatitis, and toxic liver
disease. The HCUP-NIS is publicly accessible, de-identified database, and it is
considered a limited database. Under Health Insurance Portability and Accountability
Act, a limited database does not require a review by the institutional review board
(IRB). Therefore, Rutgers IRB approval was deemed not required in our study.

Model design
Patients with NAFLD with cannabis use were selected as cases, and those without
cannabis use were used to produce the control group through case-control matching at
a ratio of one case to two controls, on the basis of sex, age, race, and comorbidities. Sex
was binary (women or men), race was categorical (White, Black, Hispanic, Asian or
Pacific Islander, Native American, and other), and obesity was binary (no obesity or
obesity). The age was converted into eight categorical variables for different age
groups: 18-27, 28-37, 38-47, 48-57, 58-67, 68-77, 78-87, and 88 or older. The elixhauser
comorbidity index (ECI) was used to assess comorbidities in patients. ECI is a method
of categorizing comorbidities on the basis of the International Classification of
Diseases, which calculates a weighted sum of each of the presence of 29 binary
comorbidities[10]. ECI uses 29 of the Agency for Healthcare Research and Quality
comorbidity indicators to predict hospital use and in-hospital mortality[11,12]. In our
study, the ECI score ranged from -21 to 44, with a mean score of 3. ECI was converted
into four groups: ECI ≤ 0, 1-5, 6-10, and ≥ 11.

Outcomes and predictive variables
The primary outcomes of the study were inpatient mortality, advanced liver diseaserelated complications including portal hypertension, ascites, varices and variceal
bleeding, cirrhosis, and spontaneous bacterial peritonitis (SBP), as presented in
Table 1. SBP and inpatient mortality were not included in our final analysis as it was
not possible to conduct meaningful analysis due to their small sample sizes. For each
hospitalization, baseline demographics and hospital characteristics were obtained. To
address potential confounding factors, we added diabetes, hyperlipidemia, and
obesity in Table 1 to compare their baseline prevalence between the case control
groups.

Statistical analyses
A biomedical statistical expert (SHW) reviewed statistical analysis. All data analyses
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Table 1 Patient demographics, hospital characteristics, and outcomes among patients with nonalcoholic fatty liver disease, by history
of cannabis use
Cannabis users, n = 3820

Non-cannabis users, n = 7625

P value
NS1

Sex
Female

36.0%

36.1%

Male

64.0%

63.9%

Patient age, mean (SD)

41.4 (12.9)

42.0 (12.9)

Patient age, in 10 years age groups3

0.032
NS4

18-27

16.8%

16.6%

28-37

25.3%

25.3%

38-47

20.4%

20.5%

48-57

25.8%

25.8%

58-67

11.0%

11.0%

68-77

0.8%

0.8%
NS4

Race/ethnicity
White

60.6%

60.7%

Black

21.6%

21.6%

Hispanic

13.9%

13.9%

Asian or pacific islander

0.4%

0.4%

Native American

0.9%

0.9%

Others

2.6%

2.4%

ECI, mean (SD)

2.1 (9.4)

3.6 (8.1)

< 0.012
NS4

ECI, by category
≤0

47.6%

47.7%

1-5

15.8%

15.9%

6-10

19.6%

19.5%

11 or higher

16.9%

16.9%
< 0.054

Insurance
Medicare

16.6%

17.2%

Medicaid

42.8%

30.5%

Private

21.9%

42.6%

Self-Pay

13.4%

6.0%

Others

5.4%5

3.7%

Non-dependent use

94.1%

0 (by definition)

Dependent use

5.9%

0 (by definition)

Length of stay (days)

5.1

4.9

0.182

Total hospitalization charges

$42503

$43183

NS2

Diabetes

29.2%

34.8%

< 0.055

Obesity

29.5%

49.4%

< 0.055

Hyperlipidemia

24.2%

32.4%

< 0.055

Cannabis abuse

Comorbidities

Clinical outcomes
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Portal hypertension

80 (2.1%)

165 (2.2%)

NS5

Ascites

170 (4.5%)

275 (3.6%)

0.035

Varices and variceal bleeding

50 (1.3%)

130 (1.7%)

0.115

Cirrhosis

140 (3.7%)

275 (3.6%)

NS5

1

Chi-square, 2-tailed.
Student t-test, 2-tailed.
3
Patient ages ranged from 18 to 73, there was no one over 78.
4
Chi-square, 2-tailed, for 2 by n table: Statistical significance demonstrates that the two groups differ.
5
Condition absent vs present in the 2 groups, chi-square, 2-tailed. NS: Not statistically significant; ECI: Elixhauser comorbidity index.
2

were conducted using SPSS, version 26 (IBM Corp, Armonk, NY, United States). NIS is
based on a complex sampling design that includes stratification, clustering, and
weighting. Weighting of patient-level observations was implemented to obtain
estimates for the entire population in the United States of hospitalized patients with
NAFLD. All statistical analyses were two-tailed, with P < 0.05 considered statistically
significant. Chi-squared tests were performed to compare categorical data, and
Student t-tests were performed for continuous data. Univariate linear (continuous
outcomes) or logistic (dichotomous outcomes) regression analysis were used to
calculate unadjusted odds ratios for the primary outcomes. Subsequently, multivariate
regression analysis was used to adjust the results for potential confounders. The final
multivariate logistic regression model was built by including those factors associated
with the outcome in univariate analysis with P < 0.20.

RESULTS
Patient characteristics and demographics
A total of 3820 patients with NAFLD who had a history of cannabis use were
identified in our study. 7625 patients with NAFLD and without cannabis use were
matched and placed in the control group. Table 1 summarizes the patients’ baseline
characteristics. There was no statistical difference of age, sex, race, ethnicity, and ECI
between the groups (P > 0.05); therefore, these variables were successfully matched.
Yet, patients who used cannabis were slightly younger (mean age: 41.4 vs 42.0, P =
0.03), and had fewer comorbidities (ECI mean: 2.1 vs 3.6, P < 0.01), with and without
cannabis use. However, the differences in the mean age and mean ECI were not
clinically different between the groups.
There were statistical differences in types of insurance in the case group compared
with the control group. The proportion of Medicare holders was lower in the cannabis
group (16.6% vs 17.2%), and a proportion of patients with private insurance was also
less in cannabis group (21.9% vs 42.6%), with and without cannabis use; all P < 0.05.
Detailed patient demographics and hospital characteristics are presented in Table 1.
There were fewer patients with metabolic derangement such as diabetes (29.2% vs
34.8%), obesity (29.5% vs 49.4%), and hyperlipidemia (24.2% vs 32.4%) in the cannabis
group compared to the non-cannabis group. Of note, 94.1% of the cannabis users were
coded under non-dependent use, and due to such a high proportion of non-dependent
cannabis use, dose-dependent effects of cannabis on different liver-related
complications were not able to be explored.

Liver disease-related complications
The cannabis group had a higher prevalence of ascites [4.5% vs 3.6%, OR 1.25; 95%
confidence interval (CI): 1.02-1.51]. There was no statistical difference in the prevalence
of portal hypertension [2.1% vs 2.2%, not statistically significant (NS)], varices and
variceal bleeding (1.3% vs 1.7%, P = 0.11), and cirrhosis (3.7% vs 3.6%, NS), with and
without cannabis use. There was a small sample size, less than 10 in one of the groups
for spontaneous bacterial peritonitis and inpatient mortality, and therefore not
included in the analysis. Detailed chronic liver disease-related complications are
presented in Table 1.

Healthcare resource utilization associated with index admission
The mean length of stay was longer for those who used cannabis compared to those
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who did not use cannabis (5.1 d vs 4.9 d), but this difference was not statistically
different, P = 0.18. Total hospitalization charges were lower for patients who used
cannabis ($42503) compared with those who did not use cannabis ($43183), but this
difference was also not statistically different either.

Independent predictors of ascites
The variables found to be independent predictors of ascites among cannabis users
were hyperlipidemia (aOR 1.53; 95%CI: 1.08-2.17), racial group other than White,
Black, Hispanic, Asian, Pacific Islanders or Native American (aOR 2.57; 95%CI: 1.245.31), and higher comorbidity index (aOR 1.08; 95%CI: 1.07-1.10), all P < 0.05. Among
patients who did not use cannabis, older age (aOR 1.02; 95%CI: 1.01-1.03), Native
Americans (aOR 2.60; 95%CI: 1.03-6.61), and higher comorbidity index (aOR 1.05;
95%CI: 1.04-1.06) were independent predictor of ascites. However, in the same group,
obesity (aOR 0.61; 95%CI: 0.46-0.81) and hyperlipidemia (aOR 0.59; 95%CI: 0.44-0.80)
were independent protective factors against ascites, all P < 0.05. The univariate and
multivariate logistic regression analysis for ascites is further delineated in Table 2.

DISCUSSION
Cannabis is produced from Cannabis sativa, known as the marijuana plant, which
contains more than 60 active chemical compounds called cannabinoids[3,13]. The
primary effects of cannabinoids come from activation of cannabinoid receptors: The
two types of G-protein coupled cannabinoid receptors, cannabinoid receptor type 1
(CB1) and cannabinoid receptor type 2 (CB2)[7,14]. CB1 is primarily expressed in the
brain while CB2 in immune tissue, and under normal physiologic conditions both CB1
and CB2 are very weakly expressed by the liver[15]. However, an upregulation of these
receptors are markedly induced in the human liver with cirrhosis[16,17]. The levels of
CB1 are six times greater in patients with chronic hepatitis C compared to control
while twice greater in patients with cirrhosis compared to those at a lower fibrosis
state[18-20]. CB1 and CB2 exert opposite effects on the liver; CB1 has profibrogenic
properties while activation of CB2 in mice has been associated with antifibrotic and
anti-inflammatory properties[7].
The most active and best-studied cannabinoids are tetrahydrocannabinol (THC) and
cannabidiol (CBD)[7,13]. Both THC and CBD act on CB-1 and CB2, but they have
different affinities for the receptors. CB1 activation has been shown to have proinflammatory effects and to be involved in hepatic fibrosis and steatosis[3,21]. For
instance, in CB1 null mice, CB1 blockers increase fatty acid oxidation and decrease
hepatic inflammation and lipogenesis[22]. In contrast, CB2 exerts anti-inflammatory
effects. CB2 activation has also been shown to suppress obesity and steatohepatitis and
to protect the liver from ischemia-reperfusion injury[3]. THC preferentially activates the
CB1 pathway, whereas CBD triggers the dominant activation of CB2[3]. The clinical
impact of receptor expression and the ratio of activated CB1 and CB2 are unclear
among patients with NAFLD. Given the previous evidence of opposite hepatic effects
of CB1 and CB2, it is conceivable to suspect the overall cannabinoid effects from both
receptors. Ascites is the only liver-related complication that was significantly different
between cannabis and non-cannabis groups out of the complications tested in our
study, (OR 1.25; 95%CI: 1.02-1.51). Therefore, a possible explanation for higher
prevalence of ascites is the dominant hepatic effects of activated CB1 compared to CB2.
Because marijuana use remains illegal in many states in the United States, most
marijuana consumed is often not produced under a controlled setting. Therefore,
marijuana varies in its contents and has a risk of containing other chemical
contaminants, and it also varies in the amounts of active cannabinoids[23]. Different
modes of administration along with dynamic pharmacokinetic processes of
cannabinoids lead to different bioavailabilities of active cannabinoids ingested. The
most common administration route is smoking through cigarettes, pipes, or water
pipes[24]. Smoking is the principal route of cannabis administration as it provides a
rapid and efficient delivery to the brain, and the ability to titrate dose to the desired
effect[25]. The different inhalation methods lead to inconsistent delivery of cannabinoids
in the body, thus making control of the dose of active cannabinoids difficult[23]. Oral
administration of cannabis involves a slower absorption, and therefore it has a slower,
more-delayed peak of THC, one of the primary psychoactive components of
cannabis[25]. Wall et al[26] reported oral THC bioavailability as 10%-20%. Therefore,
many cannabis users prefer smoking due to a quick onset of effects, but smoking is
generally not recommended for therapeutic use[25]. Unfortunately, the mode of
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Table 2 Independent predictors of ascites among patients with nonalcoholic fatty liver disease, stratified by cannabis use history
Cannabis users (n = 3820)
Ascites

OR (95%CI)

Non-cannabis users (n = 7625)
P
aOR (95%CI)
value

Univariate
logistic
regression

P
Ascites
value

Multivariate
logistic
regression1

OR (95%CI)

P
aOR (95%CI)
value

Univariate
logistic
regression

P
value

Multivariate
logistic
regression1

Diabetes

1.17 (0.84-1.62)

NS

Diabetes

1.16 (0.91-1.49)

0.23

Obesity

1.00 (0.71-1.40)

NS

Obesity

0.41 (0.31-0.53)

< 0.01

0.61 (0.46-0.81)

< 0.01

Hyperlipidemia

1.32 (0.94-1.85)

0.11

Hyperlipidemia

0.57 (0.43-0.77)

< 0.01

0.59 (0.44-0.80)

< 0.01

Age (continuous)

0.99 (0.98-1.01)

0.22

Age (continuous)

1.02 (0.01-1.03)

< 0.01

1.02 (1.01-1.03)

< 0.01

2.60 (1.03-6.61)

0.04

1.05 (1.04-1.06)

< 0.01

1.53 (1.08-2.17)

0.02

Race/ethnicity
(categoric)

Race/ethnicity
(categoric)

White

Reference

Black

1.13 (0.78-1.64)

Hispanic

0.87 (0.53-1.42)

Asian or pacific
islander
Native American

White

Reference

NS

Black

0.80 (0.58-1.10)

0.16

NS

Hispanic

1.00 (0.70-1.42)

NS

1

Asian or pacific
islander

2

1

Native American

1.96 (0.78-4.92)

0.15

Others

2.46 (1.24-4.87)

0.01

2.57 (1.24-5.31)

0.01

Others

0.71 (0.29-1.74)

NS

Comorbidity
(continuous)

1.08 (1.07-1.10)

< 0.01

1.08 (1.07-1.10)

< 0.01

Comorbidity
(continuous)

1.06 (1.05-1.07)

< 0.01

Sex (female)

0.80 (0.58-1.09)

0.15

Sex (female)

0.99 (0.77-1.27)

NS

1

Univariate analysis with screening P < 0.02 was used to determine variables to include in the final multivariate analysis. Hyperlipidemia, Race/ethnicity,
comorbidity index, and sex included in the regression.
2
Univariate analysis with screening P < 0.02 was used again, and obesity, hyperlipidemia, age, race/ethnicity, and comorbidity index were included in the
multivariate regression. NS: Not statistically significant.

cannabis use is not systematically recorded in the NIS, and our retrospective study
would be unlikely to reliably capture mode data to compare different modes in the
cannabis group. A large prospective study in which mode and dose of cannabis would
be ascertained and monitored would be of interest to study the effects of dose and
mode on the clinical outcomes.
The patients who used cannabis had higher prevalence of ascites compared to noncannabis group (OR 1.25; 95%CI: 1.02-1.51). Possible explanations for this finding can
be related to 1) hypoalbuminemia due to the toxicity of cannabis use or 2) lower body
mass, which is a potential indicator for inadequate nutritional status.
Hypoalbuminemia was described as a spectrum of toxic reactions from intravenous
cannabis use along with fulminant gastroenteritis, toxic hepatitis, acute renal failure,
electrolyte disturbances, leukocytosis, anemia, and relative thrombocytopenia from a
study of 4 cases of intravenous cannabis use by Payne et al[27] in 1975. Serum albumin is
the most abundant plasma protein and therefore binding to albumin is a key
determinant of the drug efficacy, distribution and possible toxicity of cannabinoids[28].
The increase in plasma albumin may reduce the unbound fraction of cannabinoids,
which further reduces the efficacy of the drug[28]. Along the same reasoning, it is
conceivable to hypothesize more cannabinoid toxicity in patients with
hypoalbuminemia due to more unbound cannabinoids. A study by Blüml et al[29]
showed an inverse relationship between body mass index (BMI) and illicit drug use
including cannabis use among young males, and therefore along with the toxicity of
high-dose cannabis use, hypoalbuminemia from poor nutritional status may explain
higher rate of ascites in cannabis users due to the low oncotic pressure from
hypoalbuminemia. The forementioned explanation for hypoalbuminemia can partly
explain the isolated finding of higher rates of ascites in cannabis users without higher
rates of portal hypertension, varices and variceal bleeding and cirrhosis. Another
explanation of such finding can be related to a lack of long-term follow-up. As the NIS
is limited to hospitalized data, a spectrum of clinical presentations of decompensated
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cirrhosis such as varices and variceal bleeding and actual clinical diagnosis of cirrhosis
outside of hospital may not be captured in our study design. Further studies with a
long-term follow-up investigating cannabis use in patients with NAFLD are warranted
to further evaluate the rates of clinical manifestations of decompensated cirrhosis.
The patients with cannabis group had a higher rate of ascites compared to the noncannabis group despite higher baseline rates of metabolic risks in non-cannabis group
such as diabetes, hyperlipidemia, and obesity. This suggests that cannabis may not be
a magic bullet for the management of NAFLD. In cannabis group, higher comorbidity
index was an independent risk factor for ascites, and this is expected as older patients
with more comorbidity are associated with worse prognosis in patients with chronic
liver diseases. In non-cannabis group, age and higher comorbidity were again
independent risk factors for ascites. However, strikingly obesity (aOR 0.61; 95%CI:
0.46-0.81) and hyperlipidemia (aOR 0.59; 95%CI: 0.44-0.88) were independent
protective factors against ascites in patients with NAFLD who did not use cannabis. A
possible explanation for this finding can be related to nutritional status in patients
with ascites. Metabolic derangements such as obesity and insulin resistance predispose
to NAFLD[30], and therefore they are risk factors for development of NAFLD. However,
at terminal stage of liver disease with evidence of decompensation such as ascites, the
increased BMI and appropriate albumin levels can be protective against developing
ascites. Previous studies showed that muscle wasting was worse in obese patients[31]
with cirrhosis, and these patients are at high risk for fat-and water-soluble vitamin
depletion[32]. Therefore, our finding of the association between obesity and reduced
prevalence of ascites is surprising. However, a study by Li et al[33] showed that patients
with higher BMI had lower rates of liver-related mortality compared to lower BMI
among patients with cirrhosis and hepatocellular carcinoma. We were not able to
measure nutritional status in our study; therefore although obesity often co-exists with
malnutrition, we can speculate that our study population with an obesity diagnosis
may have better nutrition than those without obesity.
Patients with cirrhosis are at higher risk for poor tolerance of fasting, and therefore
aggressive energy restriction is avoided in these patients[34]. Due to the risk of
sarcopenia with weight loss, patients who are advised to lose weight should be
monitored for changes in body muscle mass and muscle strength[34]. Therefore,
increased BMI in the setting of end-stage liver disease may suggest better nutritional
status compared to non-obese patients. In the meantime, sarcopenic obesity is
associated with a higher rate of mortality in patients with cirrhosis, and therefore
further distinction between sarco obesity and obesity is warranted. The impairment of
liver lipogenesis is prominent in decompensated NAFLD, and subsequently low levels
of cholesterol in advanced NAFLD is not surprising. Therefore, in patients with
decompensated NAFLD as seen with ascites, hyperlipidemia and obesity can be
associated with less prevalence of ascites due to a better nutritional status in this
vulnerable population with advanced liver disease.
Among cannabis users, hyperlipidemia was an independent risk factor for ascites
(aOR 1.53; 95%CI: 1.08-2.17). Previous few studies showed significantly diminished
level of serum high-density lipoprotein, low-density lipoprotein, and total cholesterol
in liver cirrhosis[35,36]. Similarly, some studies showed a decrease in triglyceride in
cirrhosis[36]. Liver biosynthesis is reduced with the progression of cirrhosis[37]. Although
there were mixed findings of the relationship between cholesterol values and cirrhosis,
our findings are compatible with the abovementioned relationship.
This is the national retrospective study to evaluate the clinical effects of cannabis
among hospitalized patients with NAFLD at the national level. Strengths of our
manuscript are a large sample size as well as the use of case-control matching analysis,
where the groups are matched on age, sex, race, comorbidity. To address potential
confounding factors, we also examined diabetes, hyperlipidemia, obesity as covariates in multi-variate analysis.
Despite these strengths, our study has some limitations that are mainly associated
with the nature of large population database studies, in which patients are typically
not routinely tested for cannabis use upon admission, and the diagnosis of cannabis
use is often made from patient reports. Therefore, unless patients are forthcoming with
their caregivers regarding cannabis use, cannabis use may be missed or under-coded.
The NIS also relies on accurate billing by clinicians to accurately record diseases and
complications, which may lead to an underestimate of diagnosis. In addition,
monitoring long-term clinical outcomes, such as liver-related complications not
recorded in NIS, remains challenging.
Another limitation of this study is the inability to characterize different
concentrations or modes of cannabis administration. 94.1% of the cannabis users were
coded under non-dependent use, and due to the limited sample size, we could not
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provide dose-dependent data. A possible explanation for the low baseline percentage
of dependent cannabis use is a lack of available data, limited current routine clinician
assessment, or truly low number of patients who abuse cannabis. We were unable to
characterize the concentrations and effects of each cannabinoid, as well as the dosedependent effects of these cannabinoids. Long-term randomized controlled studies
with different levels of cannabinoid types and amounts are warranted to better
understand each cannabinoid’s effects on the cannabinoid system in the body.

CONCLUSION
In conclusion, this was the first database study investigating progressive liver diseaserelated clinical outcomes in hospitalized patients with NAFLD. Cannabis was
associated with higher rates of ascites, but there was no statistical difference in the
prevalence of portal hypertension, varices and variceal bleeding, and cirrhosis. In the
cannabis group, hyperlipidemia was an independent risk factor for ascites but in noncannabis group hyperlipidemia and obesity were independent protective factors
against ascites. A large prospective study in which mode and dose of cannabis would
be ascertained and monitored would be of interest.

ARTICLE HIGHLIGHTS
Research background
The impact of cannabis on the progression of chronic liver diseases has been unclear in
prior studies. Systemic reviews showed no association between the increased
prevalence of hepatic fibrosis and cannabis use, but cannabis use was still associated
with a reduced prevalence of nonalcoholic fatty liver disease.

Research motivation
Because of the modulatory effects of cannabis on risk factors for the development of
nonalcoholic fatty liver disease (NAFLD), we wanted to measure the correlation
between cannabis use and clinical outcomes related to chronic liver diseases. Without
clear evidence between the cannabis use and progression of established NAFLD, it is
critical for clinicians to educate the patients on the use of cannabis due to limited
evidence on cannabinoid effects. Therefore, our study is motivated to alert clinicians of
the possible relevance of ascertainment of cannabis use, which in turn might alter
future routine assessments to further probe about cannabis use, especially in light of
trends showing recent increases in use in the United States.

Research objectives
Our study aimed to assess the association between cannabis use and clinical liverrelated outcomes among hospitalized patients with NAFLD.

Research methods
In our study, we performed a retrospective matched cohort study for hospitalized
adult patients with NAFLD. Case-control matching at a ratio of one case to two
controls was performed based on sex, age, race, and comorbidities to adjust for
confounders. The liver-related complications including portal hypertension, ascites,
varices and variceal bleeding, and cirrhosis were measured and compared between
two groups.

Research results
The cannabis group had a higher prevalence of ascites compared to patients with
NAFLD who did not use cannabis. Obesity and hyperlipidemia were independent
protective effects against ascites in the non-cannabis group.

Research conclusions
Cannabis use was associated with higher rates of ascites despite higher rates of
metabolic risks in the non-cannabis group such as diabetes, hyperlipidemia, and
obesity. This suggests that cannabis may not be a magic bullet for the management of
NAFLD, and therefore judicious use of cannabis in advanced NAFLD is warranted.

WJH

https://www.wjgnet.com

1001

November 27, 2020

Volume 12

Issue 11

Choi CJ et al. Cannabis and nonalcoholic fatty liver disease

Research perspectives
A large prospective study in which mode and dose of cannabis use would be
warranted to further explore the effects of administration mode and dose of cannabis
on the liver-related clinical complications.
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Abstract
BACKGROUND
Obesity is a global health problem that is continuing to increase in the young
population. In Brazil, the frequency of obesity in 2018 was 19.8%. Several
comorbidities are directly associated with obesity, such as non-alcoholic fatty liver
disease (NAFLD), which is considered the most common liver disorder in
Western countries and affects up to 46% of adults. Bariatric surgery is effective in
treating obesity and can improve NAFLD; however, the effect of bariatric surgery
on body composition, phase angle (PA), and improving NAFLD needs to be
further studied.
AIM
To analyze the PA in the postoperative period of bariatric surgery and to correlate
it with changes in body composition and liver disease.
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METHODS
This study is a retrospective cohort study of the analysis of the medical records of
patients undergoing bariatric surgery in a reference center of a teaching hospital
in Porto Alegre over a 2-year period. Patients older than 18 years whose record
contained all information relevant to the study were included. The data analyzed
were body composition and PA through electrical bioimpedance and NAFLD
through liver biopsy in the pre- and postoperative period. The level of
significance adopted for the statistical analyses was 5%.
RESULTS
We evaluated 379 patients with preoperative data. Regarding PA, 169 patients
were analyzed, and 33 patients had liver biopsy pre- and postoperatively with
NAFLD information. In total, 79.4% were female, with a mean age of 39.1 ± 10.6
years. The average body mass index (BMI) was 45.9 ± 7.5 kg/m². The PA showed
a mean of 5.8 ± 0.62° in the preoperative period and a significant reduction in the
postoperative period. A postoperative reduction in body composition data
(skeletal muscle mass, fat percentage, fat mass, body cell mass, BMI and visceral
fat area) was shown as well. Regarding liver disease, all patients presented a
reduction in the degrees and stages of liver disease in the postoperative period,
and some had no degree of liver disease at all.
CONCLUSION
PA decreased after bariatric surgery, with a direct correlation with weight loss
and changes in body composition. The decrease in PA was not correlated with the
improvement in NAFLD.
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Core Tip: We retrospectively evaluated 379 patients who underwent bariatric surgery,
with non-alcoholic fatty liver disease in the preoperative period; we compared body
composition, phase angle (PA) behavior and change in non-alcoholic fatty liver disease
(NAFLD) in the pre- and postoperative period. There was an important improvement in
body composition/body fat percentage and an improvement in NAFLD after bariatric
surgery. Worsening PA was directly correlated with weight loss and skeletal muscle
mass.
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INTRODUCTION
Obesity is a complex chronic inflammatory disease characterized by excessive
accumulation of body fat. It has multiple etiologies, such as biochemical, genetic,
behavioral, social, environmental, and nutritional factors and imbalance between food
intake and energy expenditure[1-4]. This disease presents its own pathophysiology as
well as associated comorbidities[3,5].
According to VIGITEL Brazil 2018[6], the frequency of obese adults was 19.8% in a
society that is aging and more ill. Obesity is closely associated with cardiovascular
diseases, dyslipidemia, fatty liver, diabetes mellitus (DM) and other endocrine and
metabolic disorders[1]. In obese people, a common comorbidity is non-alcoholic fatty
liver disease (NAFLD).
NAFLD is defined as accumulation of fat in more than 5% of hepatocytes[7] without
secondary cause, such as alcohol consumption (> 20 g for women and > 30 g for men,
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daily), use of steatogenic medications, or hereditary disorders[8].
The gold standard for the diagnosis of NAFLD is liver biopsy[9], and its classification
encompasses a wide spectrum of histopathological changes, from simple hepatic
steatosis, which can evolve from non-alcoholic steatohepatitis (NASH), to cirrhosis
and/or hepatocellular carcinoma[10]. Therefore, NAFLD, due to its different staging,
may or may not present fibrosis in hepatocytes[11,12]. NAFLD is considered the most
common liver disease in Western countries, affecting 90% of morbidly obese patients
eligible for bariatric surgery[11].
Because of the difficulty found in the clinical treatment of obesity, bariatric surgery
is more efficient as a treatment option for individuals with severe obesity, when
compared to non-surgical interventions[13]. Furthermore, surgical treatment shows
improvement or remission in NAFLD[14].
According to the Brazilian Society of Bariatric and Metabolic Surgery[15], bariatric
surgery combines techniques aimed to treat morbid obesity, severe obesity, and
diseases associated with excess body fat or exacerbated by it. Gastric bypass surgery in
Y by Roux (BPGYR) or Fobi-Capella surgery is the most commonly performed
technique in Brazil and worldwide.
Electrical bioimpedance (BIA) is a method for analyzing body composition and is
based on the principle of resistance and reactance that cells impose on the electrical
current emitted by the device[16]. The human body is constituted of conductors like
water and non-conductors, like body fat[17,18].
Several parameters are measured using BIA, including body water, lean mass, fat
mass, and phase angle (PA). BIA assesses nutritional status and can be a good method
for prognostic evaluation, as it is practical, fast, non-invasive, and low cost[19].
However, body composition values in patients with dysmorphia (edema, ascites, and
morbid obesity), as measured by BIA, may suffer interference. This is why PA has
been widely used, since it is not associated with interference[20,21].
Currently, there are segmented, multifrequency BIA devices with greater precision
for assessing body composition in morbidly obese patients, as validated by Faria
et al[22].
PA was originally described by Baumgartner et al[23] for the diagnosis of metabolic
disorders. It is a parameter applicable in clinical practice because it reliably helps to
describe cell vitality and integrality. High values (up to 8°) may indicate body
homeostasis, whereas values below 6°, depending on the disease, reflect a poor clinical
prognosis, indicating changes in the selective permeability of the cell membrane[23,24].
As already mentioned, PA reflects cellular integrity and functionality by measuring,
through an electrical current, the values of resistance and reactance of the membrane
of these cells, with skeletal muscle being a conductor of electrical current and the
opposite occurring with fat mass[23-25]. In view of this fact, we believe that the body
change resulting from bariatric surgery will reflect an improvement in NAFLD and
can be measured by PA.
To date, there are not enough studies evaluating morbid obesity, body composition
(described by the BIA), and associated comorbidities, such as NAFLD.
The present study aims to analyze the behavior of PA in the postoperative period of
bariatric surgery, correlating it with changes in body composition and improvement of
liver disease.

MATERIALS AND METHODS
This is a retrospective cohort study that analyzed the medical records of patients
undergoing bariatric surgery in a referral center of a teaching hospital in Porto Alegre.
Patients over 18-years-old whose record contained all the information relevant to the
study in the electronic or physical medical record were included. Patients who did not
contain complete data were excluded. For convenience, the sample was carried out
from July 2015 to July 2017. The data obtained were related to the protocol for routine
pre- and postoperative care at the service's outpatient clinic.

Electrical bioimpedance-PA and body composition
Data on body composition and weight were measured using BIA in all patients in the
week preceding bariatric surgery without prior preparation. For BIA, the patient stood
upright on the InBody 770 device from Ottoboni, with an electric current intensity of
80 µA and 50/60 kHz frequency. The PA was obtained through the values of
resistance and reactance through the formula: PA = tangent arc (Xc/R) × 180/3.1416,
described in the result sheet. The BIA was performed in a second step, and for
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comparative postoperative analysis, we analyzed those patients who used the same
BIA device 6 mo to 12 mo after bariatric surgery for routine postoperative evaluation.

Anthropometric data-height and body mass index
Height was measured using a wall Tonelli stadiometer, model E150 A, with the patient
standing upright and barefoot, with their feet together, and with their backs
positioned against the wall. Body mass index (BMI) was calculated using the equation
weight in kilograms, divided by height in meters squared and classified according to
the World Health Organization[4]: BMI ≥ 30 kg/m² to 34.9 kg/m² Obesity Grade I, BMI
between 35 kg/m² to 39.9 kg/m² Obesity Grade II, and BMI ≥ 40 kg/m² Obesity Grade
III. The group of patients with a BMI greater than 50 kg/m² was analyzed separately.

Bariatric surgery
The bariatric surgery used was the BPGYR with intestinal derivation after monitoring
and preparation with a multidisciplinary service team. All patients met the criteria for
bariatric surgery. The surgeries were performed by four specialist surgeons, from the
same team, trained and with much experience.

Liver biopsy-NAFLD
Liver biopsies were routinely performed during the bariatric surgery trans operation
by the surgeon under direct vision using a Tru-Cut needle at the beginning of the
surgical procedure before liver withdrawal. The biopsies were analyzed by the same
pathologist at the Hospital's Pathology Laboratory. The classification was made using
the criteria of Kleiner et al[26], as follows: Absence or presence of NAFLD and/or
cirrhosis; steatosis activity (absent, discreet, moderate, accented, and massive–
according to grade and location of the injury); ballooning and lobular inflammation;
degrees of NASH (1, 2, 3, and 4), and fibrosis stages (1, 2, 3 and 4). The liver biopsies
performed in the postoperative period were obtained by the same surgical team in
patients who underwent a second intervention (cholecystectomy or appendectomy) in
the period from 6 to 12 mo after bariatric surgery and analyzed in the same way as
those of the first biopsy.

Statistical analysis
Quantitative variables are described as mean and standard deviation or median and
interquartile range. Categorical variables are described by absolute and relative
frequencies.
To compare means before and after bariatric surgery, the t-student test for paired
samples was applied. When comparing nominal categorical variables, the McNemar
test was used and, for ordinals, the Wilcoxon test. To compare means between
genders, the t-student test for independent samples was applied.
In the association between quantitative and ordinal variables, Pearson or Spearman
correlation tests were used.
The level of significance adopted was 5% (P < 0.05), and the analyses were
performed using the SPSS version 21.0 program (Armonk, NY, United States).
The project was elaborated in accordance with resolution 466 of 2012, which
regulates the conduct of research in human beings, and submitted to and approved by
the Research Ethics Committee under number 2.423.466. Patients who accepted to
participate in the study signed the Informed Consent Term.
This study was reviewed by our specialist Biostatistics, Mestre, Ceres Andréia
Vieira de Oliveira.

RESULTS
Of the 727 patients operated on in the period, 379 who had complete preoperative
information were allocated. For the analysis of data related to PA, 169 of these patients
who underwent pre- and post-evaluation on the same device were allocated.
Regarding NAFLD, we analyzed 33 patients who underwent postoperative liver
biopsy.
Of the 379 patients, 79.4% were female, with a mean age of 39.1 ± 10.6 years and a
BMI of 45.9 ± 7.5 kg/m², classified as Obesity Grade III[4]. It is noteworthy that more
than 22% of patients had a BMI greater than 50 kg/m². Full-body PA showed an
average of 5.89° ± 0.62°, with a minimum of 4.3° and a maximum of 7.9°. The other
characteristics of the sample are shown in Table 1.
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Table 1 Sample characteristics, n = 379
Variables

n = 379

Gender, n (%)
Male

78 (20.6)

Female

301 (79.4)

Age in yr, mean ± SD

39.1 ± 10.6

Weight in kg, mean ± SD

123.7 ± 24.8

Minimum

77

Maximum

235

BMI in kg/m2, mean ± SD

45.9 ± 7.5

BMI classification, n (%)
30-34.99 kg/m²

3 (0.8)

35-39.99 kg/m²

82 (21.6)

40-49.99 kg/m²

210 (55.4)

50 kg/m² or more

84 (22.2)

SMM in kg, mean ± SD

34.1 ± 7.5

BCM in kg, mean ± SD

39.4 ± 8.3

Fat mass in kg, mean ± SD

62.6 ± 15.1

% Fat-mean ± SD

50.7 ± 4.6

Visceral fat area in cm², mean ± SD

243.7 ± 31.2

Phase angle °, mean ± SD
Full-body

5.89 ± 0.62

RA

5.58 ± 0.62

LA

5.42 ± 0.65

Tr

7.97 ± 1.18

RL

6.14 ± 0.81

LL

6.07 ± 0.84

BCM: Body cell mass; BMI: Body mass index; LA: Left arm; LL: Left leg; RA: Right arm; RL: Right leg; SD: Standard deviation; SMM: Skeletal muscle mass;
Tr: Torso.

All patients (n = 379) were diagnosed with NAFLD by liver biopsy, and the
histological characteristics are shown in Table 2 Regarding the degrees of the disease,
78.1% had NASH and 43% fibrosis, ranging from F1 to F3. No patient had cirrhosis.
The difference in pre- and postoperative body composition (n = 379) is found in
Table 3, with all items statistically significant (P < 0.001).
The associations of body composition variables with PA, stratified by gender (n =
379), are shown in Table 4. In males, there was an inverse, statistically significant
association between the percentage of fat, fat mass, and weight with PA in most body
compartments, except the torso.
In females, there was a negative, statistically significant association between the
percentage of fat and PA in all compartments. There was a positive, statistically
significant association between skeletal muscle mass (SMM) and body cell mass (BCM)
with PA in most body compartments, except the legs.
There was a negative, statistically significant association (r = -0.483; P < 0.001)
between the reduction of full-body PA and the percentage of weight loss, as shown in
Figure 1. There was a statistically significant positive association between the
reduction of full-body PA with loss of SMM (r = 0.307; P < 0.001), as shown in Figure 2.
The association of the reduction in PA of the whole body was also positive and
significant with the loss of fat mass, (r = 0.280; P < 0.001), MCC (r = 0.287; P < 0.001),
visceral fat area (r = 0.275; P < 0.001), BMI (r = 0.413; P < 0.001), and variation in the fat
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Table 2 Sample characteristics for liver disease, n = 379
Variables

n (%)

NAFLD
Yes

379 (100.0)

No

0 (0.0)

Hepatic steatosis
Absent

0 (0.0)

Discreet

159 (42.0)

Moderate

104 (27.4)

Accented

84 (22.2)

Massive

32 (8.4)

Ballooning
Absent

91 (24.0)

Discreet

221 (58.3)

Moderate

18 (4.7)

Accented

49 12.9)

Massive

0 (0.0)

Lobular inflammation
Absent

243 (64.1)

Discreet

100 (26.4)

Moderate

28 (7.4)

Accented

8 (2.1)

Massive

0 (0.0)

NASH
Absent

83 (21.9)

Grade 1

201 (53.0)

Grade 2

67 (17.7)

Grade 3

28 (7.4)

Grade 4

0 (0.0)

Absent

216 (57.0)

Grade 1

86 (22.7)

Grade 2

44 (11.6)

Grade 3

33 (8.7)

Grade 4

0 (0.0)

Cirrhosis
Yes

0 (0.0)

No

379 (100.0)

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

percentage (r = 0.304; P < 0.001), as shown in Figure 3.
Men showed a more marked and significant reduction in the percentage of fat (-16 ±
4.9 vs -12.3 ± 5.3; P < 0.001) and visceral fat area (-110.7 ± 58.9 vs -90 ± 42.8; P = 0.024)
when compared to women.
After bariatric surgery, a significant reduction in PA values (n = 169) was observed
in all body compartments (P < 0.001), as described in Table 5.
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Table 3 Variation of body composition before and after bariatric surgery, n = 379
Pre

Post

mean ± SD

mean ± SD

BMI in kg/m²

45.9 ± 7.5

31.2 ± 5.0

< 0.001

SMM in kg

34.1 ± 7.5

29.0 ± 6.4

< 0.001

BCM in kg

39.4 ± 8.3

33.9 ± 6.9

< 0.001

Fat mass in kg

62.6 ± 15.1

31.9 ± 11.1

< 0.001

% Fat

50.7 ± 4.6

37.2 ± 8.1

< 0.001

Visceral fat area in cm²

243.7 ± 31.2

152.0 ± 51.0

< 0.001

Variables

P value

BCM: Body cell mass; BMI: Body mass index; SD: Standard deviation; SMM: Skeletal muscle mass.

Table 4 Association of body composition variables with phase angle in men and women, using Pearson’s correlation coefficient, n =
379
Variables

Weight in kg

SMM in kg

BCM in kg

Fat mass in kg

% Fat

Visceral fat area in cm²

-0.418c

-0.118

-0.101

-0.469c

-0.401c

-0.075

-0.064

-0.337

b

a

-0.095

b

-0.341

b

-0.136

Male gender, n = 78
PA full body

b

PA RA

-0.299

a

-0.083

-0.287

PA LA

-0.286

-0.031

-0.008

-0.349

PA Tr

-0.074

0.074

0.094

-0.134

-0.185

0.311b

PA RL

-0.493c

-0.179

-0.170

-0.531c

-0.421c

-0.101

PA LL

-0.509c

-0.211

-0.209

-0.534c

-0.403c

-0.066

-0.106

0.125a

0.122b

-0.152b

-0.393c

-0.098

b

a

c

-0.111

c

Female gender, n = 301
PA full body
PA RA

0.011

0.169

b

0.148

b

-0.036

-0.245

PA LA

0.043

0.193

0.155

-0.009

-0.226

-0.135a

PA Tr

0.024

0.120a

0.133a

-0.030

-0.172b

-0.058

PA RL

-0.154b

0.083

0.068

-0.182b

-0.406c

-0.043

PA LL

-0.151b

0.069

0.052

-0.187b

-0.388c

-0.086

a

P < 0.05.
P < 0.01.
c
P < 0.001. BCM: Body cell mass; LA: Left arm; LL: Left leg; PA: Phase angle; RA: Right arm; RL: Right leg; SMM: Skeletal muscle mass; Tr: Torso.
b

There was a statistically significant inverse association between BMI and full-body
PA (P < 0.018), right leg and left leg (P < 0.001), as shown in Table 6. Regarding PA
and NAFLD, there was no significant association (P > 0.05).
The analysis of the postoperative liver biopsy, compared with the preoperative
biopsy of these patients (n = 33), showed that all of them had a reduction in the
degrees and stages of liver disease, and 18.2% had no degree of liver disease (P < 0.05).
The other histological changes, which decreased from 75 to 90%, are described in
Table 7. The body composition of this group (n = 33) showed that all parameters
significantly decreased (P < 0.001) and that there was a reduction in PA in all
compartments (P < 0.001), as described in Table 8.
There was a positive, statistically significant association between BMI (kg/m²) and
lobular inflammation (P < 0.05), NASH (P < 0.01), and fibrosis (P < 0.05). The other
body composition variables did not correlate with the different histological
characteristics of NAFLD.
There was an association between the variations of PA before and after bariatric
surgery regarding the degree of lobular inflammation (rs = -0.593; P = < 0.001) but not
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Table 5 Variation of phase angle in the pre- and postoperative period of bariatric surgery, n = 169
Pre

Post

mean ± SD

mean ± SD

PA full body

5.92 ± 0.55

4.98 ± 0.55

< 0.001

PA RA

5.58 ± 0.60

4.73 ± 0.59

< 0.001

PA LA

5.42 ± 0.63

4.54 ± 0.57

< 0.001

PA Tr

7.87 ± 1.15

6.76 ± 1.29

< 0.001

PA RL

6.25 ± 0.66

5.19 ± 0.65

< 0.001

PA LL

6.18 ± 0.70

5.14 ± 0.66

< 0.001

Variables

P value

LA: Left arm; LL: Left leg; PA: Phase angle; RA: Right arm; RL: Right leg; SD: Standard deviation; Tr: Torso.

Table 6 Association of body mass index with phase angle through Pearson correlation, n = 169
BMI

Variables

r

P value

PA full body

-0.121

0.018

PA RA

0.031

0.551

PA LA

0.057

0.265

PA Tr

0.054

0.298

PA RL

-0.262

< 0.001

PA LL

-0.262

< 0.001

BMI: Body mass index; LA: Left arm; LL: Left leg; PA: Phase angle; r: Pearson's correlation coefficient; RA: Right arm; RL: Right leg; Tr: Torso.

steatosis (rs = 0.305; P = 0.095), ballooning (rs = 0.057; P = 0.760), NASH (rs = -0.197; P =
0.288), and fibrosis (rs = -0.183; P = 0.324).

DISCUSSION
Obese patients, candidates for bariatric surgery diagnosed with NAFLD, have been
extensively studied[8,27-31]; and, to date, changes in lifestyle are the only effective forms
of treatment for NAFLD. It was established that a loss of 7%-10% of body weight is
necessary to present any change[32]. However, in order to guarantee body homeostasis,
it is essential that the weight loss of these patients is the highest possible percentage of
fat mass and not of SMM, preserving muscle volume and functionality. Therefore, BIA
and PA are essential tools for monitoring the body characteristics and health of these
patients[19,33].
Most of our patients were women, with a mean age of 39.1 ± 10.6 years and a BMI of
45.9 ± 7.5 kg/m², findings similar to those of Losekann et al[9], who in 2013 analyzed
250 patients with liver biopsies performed in the bariatric surgery trans operation,
which 80% were women, with a mean age of 36.8 ± 10.2 years and a BMI of 43.6 ± 5.2
kg/m².
BMI is an analytical, non-laboratory method that is easy to apply and reproducible,
allowing an indirect assessment of body composition, and is a defining parameter of
indication for bariatric surgery.
The mean BMI after surgery decreased to 31.2 ± 5.0 kg/m² (P < 0.001), changing
from Grade III Obesity to Grade I. The reduction in BMI was significant in both sexes,
with no significant difference between them. All body composition parameters had a
significant decrease (P < 0.001), mainly on fat mass and visceral fat area. In the present
study, men compared to women showed a more marked and significant reduction in
the percentage of fat and in the area of visceral fat.
Perrone et al[34] reported that the decrease in BMI after bariatric surgery in men was
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Table 7 Degrees and staging of non-alcoholic fatty liver disease before and after bariatric surgery, n = 33
Variables

Pre

Post

n (%)

n (%)

P value

NAFLD

0.031

Yes

33 (100)

27 (81.8)

No

0 (0.0)

6 (18.2)

Hepatic steatosis

< 0.001

Absent

0 (0.0)

6 (18.2)

Discreet

14 (42.4)

24 (72.7)

Moderate

8 (24.2)

3 (9.1)

Accented

8 (24.2)

0 (0.0)

Massive

3 (9.1)

0 (0.0)

Ballooning

< 0.001

Absent

5 (15.2)

29 (87.9)

Discreet

23 (69.7)

4 (12.1)

Moderate

3 (9.1)

0 (0.0)

Accented

2 (6.1)

0 (0.0)

Lobular inflammation

0.003

Absent

21 (63.6)

30 (90.9)

Discreet

7 (21.2)

3 (9.1)

Moderate

3 (9.1)

0 (0.0)

Accented

2 (6.1)

0 (0.0)

NASH

< 0.001

Absent

6 (18.2)

25 (75.8)

Grade 1

20 (60.6)

5 (15.2)

Grade 2

4 (12.1)

3 (9.1)

Grade 3

3 (9.1)

0 (0.0)

Fibrosis

0.033

Absent

26 (78.8)

27 (81.8)

Grade 1

3 (9.1)

4 (12.1)

Grade 2

0 (0.0)

0 (0.0)

Grade 3

4 (12.1)

2 (6.1)

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

greater than that in women, without influencing the improvement of comorbidities in
the long term, because the BMI does not differentiate or qualify weight loss, which
should be mostly fat and not SMM. A study by Hartwig et al[35], showed similar results
in men and women regarding the decrease in the percentage of fat and fat mass in the
postoperative period. De Paris et al[36] showed a reduction in body composition
(weight, fat-free mass, SMM, fat mass, and fat percentage) in the postoperative period
of bariatric surgery, results similar to ours.
All of our patients had NAFLD; accentuated or massive steatosis in 30.6%;
ballooning in 76%; lobular inflammation in 35.9%; NASH in 78.1%; fibrosis in 43%; and
no case of cirrhosis. NAFLD patients are obese[37], with a prevalence of 51% of cases[38].
In patients with obesity undergoing bariatric surgery, the percentage of steatosis
ranged from 87.6% to 100%[8,27-31], ballooning from 58.9% to 88%[29,30], lobular
inflammation from 23% to 88%[29,31], and fibrosis from 31% to 44.9%[28,29,31], findings
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Table 8 Phase angle and body composition in patients who underwent liver biopsy after bariatric surgery, n = 33
Pre

Post

mean ± SD

mean ± SD

BMI in kg/m²

45.2 ± 6.9

31.8 ± 5.4

< 0.001

SMM in kg

31.9 ± 6.8

27.1 ± 5.3

< 0.001

BCM in kg

37.0 ± 7.8

32.1 ± 5.9

< 0.001

Fat mass in kg

60.7 ± 13.3

33.6 ± 11.1

< 0.001

% Fat

51.6 ± 3.5

39.8 ± 8.2

< 0.001

Visceral fat area in cm²

249.3 ± 23.1

162.5 ± 52.3

< 0.001

PA full body °

5.93 ± 0.65

4.91 ± 0.60

< 0.001

PA RA °

5.55 ± 0.77

4.61 ± 0.64

< 0.001

PA LA °

5.44 ± 0.86

4.44 ± 0.58

< 0.001

PA Tr °

7.84 ± 1.24

6.73 ± 1.03

< 0.001

PA RL °

6.42 ± 0.72

5.18 ± 0.68

< 0.001

PA LL °

6.38 ± 0.74

5.19 ± 0.66

< 0.001

Variables

P value

BCM: Body cell mass; BMI: Body mass index; LA: Left arm; LL: Left leg; PA: Phase angle; RA: Right arm; RL: Right leg; SMM: Skeletal muscle mass; Tr:
Torso.

Figure 1 Association between the percentage of weight loss with the reduction of the phase angle in the postoperative period of bariatric
surgery (n = 169).

similar to ours.
Some NAFLD patients present progression from simple steatosis to advanced
stages, such as NASH and fibrosis, increasing the risk of cirrhosis and hepatocellular
carcinoma. In addition, it is believed that NAFLD is implicated in the pathogenesis of
type 2 DM and cardiovascular diseases[32]. These facts are fundamental in the search for
the reduction of obesity that bariatric surgery provides.
We found a direct association between BMI and lobular inflammation, NASH, and
fibrosis (P < 0.05), which is why it is important to monitor evolution of this group of
patients.
The assessment of body composition is limited in several clinical conditions; and,
therefore, the use of BIA data has gained increasing attention[39]. PA can be used as a
biomarker for lean mass and/or for reducing muscle mass[39-41], besides being
recognized as a marker of malnutrition[40,41] and predictor of morbidity and mortality in
several diseases[18,42].
The PA of healthy individuals can vary between 6º and 7º, according to BosyWestphal et al[43] and 6.96º according to Barbosa-Silva et al[44]. There is no reference
value that classifies PA for patients with obesity who have NAFLD. In the studied
population, the PA was 5.89 ± 0.62°, lower than the values described above, probably
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Figure 2 Association between the variation in skeletal muscle mass with the reduction of phase angle in the postoperative period of
bariatric surgery (n = 169).

Figure 3 Association between the reduction in the percentage of body fat with the reduction in phase angle in the postoperative period
of bariatric surgery (n = 169).

due to obesity.
In Table 4, we evaluated the associations of PA with the variables of body
composition, and we observed in men a significant negative relation with decreased
weight, fat mass, and percentage of fat (P < 0.01). In women, this relation of PA was
with the decrease in the percentage of fat (P < 0.01). There was a significant positive
relation with SMM and BCM (P < 0.05). PA decreased in most variables related to
weight loss (P < 0.05). Baumgartner et al[45], in 1988, observed a statistically significant
negative correlation of PA with the percentage of body fat, corroborating the findings
of our study. A study by Peres et al[46] analyzed 66 patients over 18 years of age with
NAFLD, chronic hepatitis, cirrhosis, and hepatocellular carcinoma who had a mean
PA of 5.1°, values similar to those found in the present study.
The post-surgical evaluation showed that PA decreased significantly in all
evaluated segments (P < 0.001), as shown in Table 5, and its correlation with BMI
showed a significant difference (P = 0.018), as shown in Table 6. These are apparently
paradoxical findings, based on knowledge that the highest PA means improvement
and the lowest means clinical worsening. We must consider the time of the second
assessment, within the first year, as directly related to the decrease. A new evaluation
of PA, at a longer time point, already programmed, may show an increase in PA.
Norman et al[47] described that BMI is one of the biological factors that influences PA.
Furthermore, Llames et al[33] found a reduction in PA in individuals with a BMI greater
than 35 kg/m². Bosy-Westphal et al[43] showed that PA increased with an increase in
BMI up to 30 kg/m² and that such physiological behavior can be explained as a
reflection of the increase in the number of cells (adipocytes and myocytes), since the
reactivity of BIA is dependent on the amount of cell membranes. The same study
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showed that with BMI above 40 kg/m², there was an inverse relation between PA and
BMI. The explanation is that severe obese individuals have a loss of functionality in the
cell membrane, which may contribute to the decrease in PA.
In 2017, Vassilev et al[48] in Germany, with 173 patients undergoing bariatric surgery
(BPGYR), showed a correlation between PA and weight loss, between 6 and 12 mo
postoperatively, and a significant reduction in lean mass with a reduction in PA,
results similar to ours. Koehler et al[49], with 20 patients undergoing bariatric surgery
(BPGYR), showed significant results in reducing PA, at an earlier time, from 3 to 6 mo.
In the present study, there was a negative association between the reduction of fullbody PA and the percentage of weight loss (P < 0.001), as shown in Figure 1. There
was a positive association between the reduction of full-body PA with the variation of
SMM (P < 0.001), as shown in Figure 2; and there was a positive association between
the reduction of PA of the whole body and the percentage variation of fat (P < 0.001),
as shown in Figure 3. These same associations were observed in the other parameters
(loss of fat mass; BCM; visceral fat area, BMI), all with significant value (P < 0.001).
In the Vassilev et al study[48], the higher the percentage of body fat in the
postoperative period, the lower the PA, and the reduction in BCM occurred with a
reduction in PA after 9 mo of surgery. Thus, it is clear that the percentage of fat, even
after weight loss, continues to have a negative influence on PA. The decrease in PA in
the postoperative period is linked to weight loss, which can be a confusing factor when
relating the reduction in the percentage of fat and PA, since the present study also
associated a reduction in BMI with a decrease in PA.
There was an association between the variations of PA before and after bariatric
surgery regarding the degree of lobular inflammation (rs = -0.593; P = < 0.001) but not
with steatosis (rs = 0.305; P = 0.095), ballooning (rs = 0.057; P = 0.760), NASH (rs = -0.197;
P = 0.288), and fibrosis (rs = -0.183; P = 0.324).
Regarding the role of PA and NAFLD staging, Peres et al[46] found no difference in
PA values in patients with different degrees and stages of liver disease; our findings
did not show significance associating the decrease in PA with the variation in the
degree of steatosis, ballooning, NASH, and fibrosis in the pre- and postoperative
period, demonstrating that the improvement of liver disease after bariatric surgery is
not related to the worsening of PA.
The comparison of liver histology before and after surgery (n = 33) showed a
significant improvement in NAFLD, where 18.2% had no degree of liver disease (P =
0.031); all parameters analyzed showed a reduction in histological changes, from 75%
to 90% (P < 0.05), as described in Table 7.
Máttar et al[24] analyzed patients undergoing different bariatric surgery techniques
and observed significant improvement in steatosis (from 88% to 8%), lobular
inflammation (from 23% to 2%), and fibrosis (31% to 13%). In addition, 37% no longer
had lobular inflammation, and 20% had no fibrosis, in line with our study. Similar data
were found in Cazzo et al[50] review in 2017 with patients undergoing bariatric surgery
using different surgical techniques[27,30,51-53].
A pioneering study by Silverman et al[54] in 1995 observed an improvement in liver
disease in the postoperative period of bariatric surgery with the same surgical
technique we used, with a 71% reduction in steatosis; 19% absence of steatosis; 76.9%
absence of fibrosis, and 7.6% reduction in fibrosis, corroborating with our findings.
There was a marked change in body composition in this group (n = 33), in all
parameters (P < 0.001), as well as a reduction in PA (P < 0.001), as shown in Table 8.
These data reinforce that weight loss is fundamental in the treatment of NAFLD.

CONCLUSION
The PA decreased after bariatric surgery, with a direct correlation with weight loss and
changes in body composition. Grade III obesity became Grade I obesity. The decrease
in the PA after bariatric surgery did not correlate with the improvement of NAFLD,
even with the marked improvement of NAFLD. The decrease in the PA after
performing bariatric surgery correlated with the decrease in the BMI, loss of SMM, and
decreases in body fat (in percentages and kilograms), BCM, and visceral fat area.
We believe that PA should increase with more time after bariatric surgery, since the
change in the body composition of the operated patient will reflect an improvement in
body mass distribution and, consequently, less inflammatory process. An important
point is what form of protein supplementation should be used with these patients after
surgery in order to minimize the loss of muscle mass and thereby increase PA. With
the data presented in this study, we suggest that PA may be a marker of the state of
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body composition linked to the functionality of SMM.

ARTICLE HIGHLIGHTS
Research background
Obesity is a complex chronic inflammatory disease characterized by excessive
accumulation of body fat. In obese people, a common comorbidity is non-alcoholic
fatty liver disease (NAFLD). NAFLD is considered the most common liver disease in
Western countries, affecting 90% of morbidly obese patients eligible for bariatric
surgery. To evaluate this patients, bioimpedance (BIA) can be a good method for
nutritional and prognostic evaluation, using phase angle (PA).

Research motivation
There are not enough studies to evaluate morbid obesity, its body composition
(described by the BIA), and associated comorbidities, such as NAFLD. We believe that
the body change resulting from bariatric surgery will reflect an improvement in
NAFLD and can be measured by PA, since it reflects cellular integrity and
functionality by measuring, through an electrical current, the values of resistance and
reactance of the membrane of these cells, with skeletal muscle being a conductor of
electrical current and the opposite occurring with fat mass.

Research objectives
The aim of this study was to analyze the behavior of PA in the postoperative period of
bariatric surgery, correlating it with changes in body composition and improvement of
liver disease.

Research methods
This was a retrospective cohort study that analyzed the medical records of 727 patients
undergoing bariatric surgery in a referral center of a teaching hospital in the south of
Brazil. For convenience, the sample was carried out from July 2015 to July 2017. The
data obtained were related to the protocol for routine pre- and postoperative care at
the service's outpatient clinic. Quantitative and categorical variables analyses were
performed to assess the association between PA, NAFLD, and body composition
before and after bariatric surgery.

Research results
We analyzed 727 patients’ medical records, and 379 patients were selected for having
all preoperative data. Regarding PA, 169 patients were analyzed, and 33 patients had
liver biopsy pre-and postoperatively with NAFLD information. The PA showed a
significant reduction in the postoperative period as well as body composition data.
Regarding liver disease, all patients presented a reduction in the degrees and stages of
liver disease in the postoperative period, and some had no degree of liver disease.

Research conclusions
The PA decreased after bariatric surgery, with a direct correlation with weight loss and
changes in body composition, and it did not correlate with the improvement of
NAFLD. With the data presented in this study, we suggest that PA may be a marker of
the state of body composition linked to the functionality of skeletal muscle mass.

Research perspectives
Performing large scale prospective studies with long-term follow-up are needed to
verify if PA increases with more time after bariatric surgery, since the change in the
body composition of the operated patient will reflect an improvement in body mass
distribution and, consequently, less inflammatory process.
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Abstract
BACKGROUND
Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary
hepatic malignancy which carries a poor prognosis due to its aggressive nature.
Few centers have enough cases to draw definitive conclusions and there is limited
understanding of prognosis. Given the rarity of HCC/CC, an analysis of large
national cancer database was needed to obtain larger number of HCC/CC cases.
AIM
To identify associated factors for 5-year survival of HCC/CC.
METHODS
We conducted a retrospective study of The Surveillance, Epidemiology, and End
Results (SEER) database obtained from SEER*Stat 8.3.6 software. Previously
defined histology code 8180 for the International Classification of Disease for
Oncology, 3rd edition was used to identify HCC/CC cases from 2004 to 2015. We
collected demographics, American Joint Committee on Cancer (AJCC) stage,
treatment, tumor size, and survival data. These data were converted to categorical
variables. The Shapiro-Wilk normality test was used to assess normal distribution.
Mann-Whitney U test was used to compare continuous variables without normal
distribution, and t-test was used to compare continuous variables with a normal
distribution. The Kaplan-Meier survival curve analyzed 5-year survival.
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Univariate and multivariate logistic regression model was used to analyze factors
associated with 5-year survival. Multivariate Cox proportional hazard regression
was done on 5-year survival. We defined P < 0.05 was statistically significant.
RESULTS
We identified 497 patients with the following characteristics: Mean age 62.4 years
(SD: 11.3), 149 (30.0%) were female, racial distribution was: 276 (55.5%) white, 53
(10.7%) black, 84 (16.9%) Asian and Pacific Islander (API), 77 (15.5%) Hispanic,
and 7 (1.4%) others or unknown. Stage I/II disease occurred in 41.5% and tumor
size < 50 mm was seen in 35.6% of patients. Twenty-four (4.8%) received
locoregional therapy (LRT), 119 (23.9%) underwent resection, and 50 (10.1%)
underwent liver transplantation. The overall median survival was 6 mo
[Interquartile range (IQR): 1-22]. After multivariate logistic regression, tumor size
< 50 mm [Odds ratios (OR): 2.415, P = 0.05], resection (OR: 12.849, P < 0.01), and
transplant (OR: 27.129, P < 0.01) showed significance for 5-year survival. Age > 60,
sex, race, AJCC stages, metastasis, and LRT were not significant. However, API vs
white showed significant OR of 2.793 (CI: 1.120-6.967). Cox proportional hazard
regression showed AJCC stages, tumor size < 50 mm, LRT, resection, and
transplant showed significant hazard ratio.
CONCLUSION
HCC/CC patients with tumor size < 50 mm, resection, and transplant were
associated with an increase in 5-year survival. API showed advantageous OR and
hazard ratios over white, black.
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Core Tip: Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare
primary hepatic malignancy which carries a poor prognosis due to its aggressive
nature. Few centers have enough cases to draw definitive conclusions and there is
limited understanding of prognosis. This analysis of Surveillance, Epidemiology, and
End Results database comprised of 497 patients. HCC/CC patients with tumor size <
50 mm, resection, and transplant were associated with an increase in 5-year survival.
Asian and Pacific Islander (API) showed advantageous odds ratios and hazard ratios
over white, black. Elucidation of better prognosis on API are needed in the future
studies.

Citation: Sempokuya T, Wien EA, Pattison RJ, Ma J, Wong LL. Factors associated with 5-year
survival of combined hepatocellular and cholangiocarcinoma. World J Hepatol 2020; 12(11):
1020-1030
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1020.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1020

INTRODUCTION
Malignancies of the liver are broadly grouped into hepatocellular carcinoma (HCC)
and intrahepatic cholangiocarcinoma (ICC). Combined hepatocellular and
cholangiocarcinoma (HCC/CC) is a rare primary hepatic malignancy which has a
distinct phenotype, shares characteristics of both HCC and ICC. HCC/CC carries a
particularly poor prognosis due to its aggressive nature. HCC/CC has an estimated
incidence between 1% and 14.2%[1-4]; however, this is likely an underestimation due to
diagnostic inaccuracy. HCC/CC shows phenotypic characteristics of both HCC and
CC with malignant differentiation of hepatocytes and biliary epithelial cells. While
HCC/CC is thought to originate from a common hepatic stem cell[5,6], there has been
much debate on whether HCC/CC shares more commonalities with HCC or CC[1,7-9].
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Current knowledge suggests HCC/CC is a unique entity with a spectrum of clinical
features between those of HCC and CC[10]. In addition to its aggressive nature, clinical
and pathologic heterogeneity results in reduced survival compared to HCC or CC
alone. Furthermore, treatment of HCC/CC is challenging as there are no broadly
accepted guidelines other than recommendation for resection and possible liver
transplantation in patients afflicted with this condition[11,12].
Because HCC/CC is a rare malignancy, there are no large studies or randomized
clinical trials to compare diagnostic or treatment modalities. The Liver Imaging
Reporting and Data System is a widely used criteria for imaging diagnosis of HCC[13],
but its performance in differentiating HCC/CC from HCC by magnetic resonance
imaging is much less reliable[14]. Prognosis of HCC/CC after resection compared to
HCC or CC alone is controversial. While Zhang et al[15] showed better early survival of
HCC/CC compared to ICC and worse outcome than HCC alone, this study only
included 15 HCC/CC patients. On the other hand, Song et al[16] showed HCC/CC had
a significantly shorter recurrence free survival after resection compare to ICC, 0.9 years
and 1.3 years, respectively. Prognostic indicators beyond this are mostly unknown.
The role and indications of liver transplantation in HCC/CC also remain equivocal at
this time[12,17]. For HCC, downstaging can be employed for patients to be eligible for
liver resection or transplantation with favorable outcomes. However, no established
protocol is available for HCC/CC.
Despite the diagnostic and prognostic challenges, distinguishing this unique entity
is crucial to its optimal management and outcomes. Few centers have enough cases to
draw definitive conclusions, and there is a limited understanding of prognosis. This
study attempts to further understand and identify factors associated with 5-year
survival in patient with HCC/CC.

MATERIALS AND METHODS
Study design
Population data from the Surveillance, Epidemiology, and End Results (SEER)
database published by the National Cancer Institute were obtained through
Surveillance Research Program, National Cancer Institute SEER*Stat software
(seer.cancer.gov/seerstat/) version <8.3.6>[18]. SEER Registries are population-based
registries that report cancer incidence, characteristics, treatment and, mortality on
select U.S. states since 1973. Approximately 34.6 % of all cancer cases in the U.S.
population are covered[19]. This study was conducted after complying with the SEER
Research Data Use Agreement. As we utilized a publicly available, de-identified
database, approval from an Institutional Review Board was not required to conduct
this study.

Patients
We collected data on patients with a diagnosis of HCC/CC between 2004 to 2015 with
the previously defined International Classification of Diseases for Oncology, 3rd Edition
the histology code of 8180[4]. Variables collected included age at diagnosis, year at
diagnosis, sex, race (Whites, blacks, Hispanics, Asians or Pacific Islanders (API), or
others), marital status, stage by the American Joint Committee on Cancer (AJCC)
Staging Manual, 6th edition[20], SEER Staging, presence of metastasis, state and county
of residence, tumor sizes, treatment modality of primary site, and survival (mo). SEER
data utilized in this study was based on information from 18 U.S. states and regions
available to conduct survival analysis including: Alaska Native Tumor Registry,
California (San Francisco-Oakland, San Jose-Monterey, Los Angeles, Greater
California), Connecticut, Georgia (Atlanta, Greater Georgia, Rural Georgia), Hawaii,
Iowa, Kentucky, Louisiana, Michigan (Detroit), New Jersey, New Mexico, Utah and
Washington (Seattle-Puget Sound) (More details available at https://seer.cancer.gov/
registries/terms.html).

Statistical analysis
We performed statistical analysis with R version 3.4.1 (The R foundation for Statistical
Computing, Vienna, Austria), EZR version 1.36 (Division of Hematology, Saitama
Medical Center, Jichi Medical University, Japan)[21], and SAS version 9.4 (SAS Institute
Inc., Cary, NC, United States). χ2 test was used to compare categorical variables. The
Shapiro-Wilk normality test was used to assess normal distribution. Mann-Whitney U
test was used to compare continuous variables without normal distribution, and t-test
was used to compare continuous variables with a normal distribution. The Kaplan-
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Meier survival curve with log-rank test was used to estimate overall survival
probability and compare 5-year survival curves for risk factor groups. Continuous
variables were converted to categorical variables for logistic regression models. A
univariate and multivariate logistic regression model was used to analyze factors
associated with 5-year survival. Exclusion of patients with unknown or other race and
surgical status was done on this regression model due to small population size. Risk
factor variables included in the logistic regression mode were sex (male and female),
age (< 60 and ≥ 60-years old), race (White, black, Hispanic, and API), AJCC stages
(I/II, III/IV, and unknown), metastasis (distant metastasis, none/unknown), tumor
size (< 50 and ≥ 50 mm), surgical status [Locoregional therapy (LRT), resection, and
transplant]. All of these variables were included in the multivariate model. The
primary outcome variable of interest was 5-year overall survival, defined as the time
from HCC diagnosis to death from any cause, with censoring if the patients were still
alive after 5-years of follow-up. Hazard ratios (HR) for overall survival evaluated
using multivariate Cox proportional hazard regressions mode by using the same
variable as logistic regression. Logistic regression model allows prediction of variables
with survival status and Cox proportional hazard regression model enables analysis of
time dependent variables related to survival. P < 0.05 was considered statistically
significant. The statistical methods of this study were reviewed by Ma J from
Department of Biostatistics, College of Public Health, University of Nebraska Medical
Center.

RESULTS
We identified 497 patients with the following characteristics: Mean age 62.4 years (SD:
11.3), 270 (54.3%) were age > 60 years old, and 149 (30.0%) were female. Racial
distribution was as follows: 276 (55.5%) white, 53 (10.7%) black, 84 (16.9%) API, 77
(15.5%) Hispanic, and 7 (1.4%) others or unknown. Stage I/II disease occurred in 206
(41.5%), 128 (25.8%) had metastasis at the time of diagnosis, and tumor size < 50 mm
was seen in 177 (35.6%) of patients. Twenty-four (4.8%) received LRT, 119 (23.9%)
underwent resection, and 50 (10.1%) underwent liver transplantation. Detailed
baseline characteristics are shown on Table 1. The overall median survival was 6 mo
[Interquartile range (IQR): 1-22] (Figure 1). Age at diagnosis and survival months did
not show a normal distribution by the Shapiro-Wilk normality test; therefore,
comparison was made by the Mann-Whitney U test. There were significant differences
for age at diagnosis, age > 60 years old, AJCC stages, SEER stages (localized, regional
extension, lymph nodes involvement, distant metastasis), proportion of Stage I/II,
positive lymph nodes, metastasis at the diagnosis, tumor size < 30 mm, < 40 mm, and
< 50 mm, resection, and liver transplantation (all P < 0.01). There was no significant
difference between 5-year survivors and non-5-year survivors for sex, race, state of
residence, marital status, tumor size < 20 mm, LRT.
We compared racial differences in 12-mo, 36-mo, and 60-mo survival among white,
black, Hispanics, API and others by χ2 test and there were no statistically significant
differences. Among same groups, gender, age > 60 years-old, size > 50 mm, LRT,
resection, or transplant did not show significant differences. We then compared API
with non-Asians. API had higher resection rate 35.7% compared to 21.1% in nonAsians (P < 0.01) and higher rate of 60 mo survival 15.4% compared to 8.0% (P = 0.05).
Gender, age > 60 years-old, rate of stage I or II disease, LRT, transplant, and size > 50
mm did not show significant difference.
After excluding 8 patients with other or unknown race (7) and surgery status (1), we
conducted logistic regression model. Univariate analysis (Table 2) showed age > 60,
stage I/II vs unknown, I/II vs III/IV, metastasis, tumor size < 50 mm, resection, and
transplant were significant predictors (all P < 0.01). Sex, race, stage III/IV vs unknown,
and LRT were not significant factors. After multivariate logistic regression (Table 2),
tumor size < 50 mm [Odds ratio (OR): 2.415, P = 0.05], resection (OR: 12.849, P < 0.01),
and transplant (OR: 27.129, P < 0.01) were statistically significant for 5-year survival.
Age > 60, sex, race, AJCC stage, metastasis, and LRT were not significant. However,
API vs white showed significant OR of 2.793 (CI: 1.120-6.967). It is important to note
that 12 API and 18 Hispanic patients had untraced survival status.
Cox proportional hazard regression showed AJCC stage, tumor size < 50 mm, LRT,
resection, and transplant showed significance (Table 3). Age > 60, sex, race, and
metastasis did not show significant HR. Although overall race did not show
significance, API showed HR of 0.654 (CI: 0.452-0.948) over black, and HR of 0.727 (CI:
0.555-0.952) over white. There was no difference for Hispanic over API, black, or
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Table 1 Baseline characteristics, n (%)
Overall

5-year survivor

Non-5-year survivor

P value

Median age (IQR)

62 (56-69)

57 (51.25-63.75)

62 (56-70)

< 0.01

Sex (%Male)

348 (70.0)

36 (78.3)

312 (69.2)

0.27

Race

0.23

Whites

276 (55.5)

23 (50.0)

253 (56.1)

Blacks

53 (10.7)

2 (4.3)

51 (11.3)

Hispanics

77 (15.5)

8 (17.4)

69 (15.3)

API

84 (16.9)

13 (28.3)

71 (15.7)

Others

7 (1.4)

0 (0)

7 (1.6)

AJCC stages

< 0.01

I

116 (23.3)

19 (41.3)

97 (21.5)

II

90 (18.1)

19 (41.3)

71 (15.7)

III

78 (15.7)

5 (10.9)

73 (16.2)

IV

139 (28.0)

1 (2.2)

138 (30.6)

Unknown

74 (14.9)

2 (4.3)

72 (16.0)

Metastasis

128 (25.8)

1 (2.2)

127 (28.2)

< 0.01

Tumor size < 50 mm

177 (35.6)

34 (91.9)

143 (56.5)

< 0.01

LRT

24 (4.8)

2 (4.3)

22 (4.9)

1.00

Resection

119 (23.9)

21 (45.7)

98 (21.8)

< 0.01

Transplant

50 (10.6)

20 (43.5)

30 (6.7)

< 0.01

Median survival months (IQR)

6 (1-22)

96.5 (83.25-129.5)

5 (1-16)

< 0.01

Treatment

IQR: Interquartile range; API: Asians and Pacific Islanders; AJCC: American Joint Committee on Cancer; LRT: Locoregional therapy.

white, and black over white.

DISCUSSION
HCC/CC is a rare, aggressive variant with features of both HCC and CC and few
centers have enough cases to understand how to effectively treat this. It is not clear if
the treatments typically used for HCC will be effective. Before we offer specific
therapies, we need to better understand the natural history of this disease so we can
target our efforts appropriately. This study showed that of the clinical factors, tumor
size < 50 mm, resection and transplant were predictors of 5-year survival. However,
Age > 60, sex, race, AJCC stages, metastasis, and LRT were not associated with
significant odds of 5-year survival. Treatment with liver transplantation or liver
resection were associated with 5-year survival but transplantation had a higher oddsratio. In addition, although overall race was not significant, API showed significant CI
for OR over white, and HR over white and black.
Our study highlighted that API patients had a higher chance of 5-year survival
compared to white and black. The reasons for this were not completely clear and may
be related to the underlying chronic liver disease or access to care. The high prevalence
of hepatitis B in Asia may account for some of these differences. A Chinese study
suggested that hepatitis B was a strong risk factor for developing HCC/CC and while
this is similar in both HCC and CC alone, there was no association between
underlying hepatitis C and HCC/CC[22]. A previous SEER study on HCC showed that
Asians had a higher proportion of localized HCC compared to advanced HCC[23]. This
may suggest that the high prevalence of hepatitis B in Asians may have prompted
HCC surveillance and earlier detection. Furthermore, hepatitis B infections may lead
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Table 2 Univariate and multivariate logistic regression for 5-year survival
Univariate analysis

Multivariate analysis

OR [95%CI]

P value

OR [95%CI]

P value

Age > 60 yr old

0.372 [0.195-0.708]1

< 0.01

0.502 [0.231-1.088]

0.08

Sex (Male)

1.604 [0.774-3.323]

0.20

1.264 [0.537-2.975]

0.59

Race

0.13

0.07

Black

0.432 [0.099-1.888]

0.483 [0.095-2.444]

Hispanic

1.275 [0.547-2.976]

2.043 [0.744-5.613]

API

2.014 [0.971-4.176]

2.793 [1.120-6.967]1

AJCC stages

0.41

Stage I/II vs unknown

8.143 [1.913-34.660]1

< 0.01

1.048 [0.185-5.935]

Stage III/IV vs unknown

1.024 [0.202-5.186]

0.06

0.498 [0.074-3.328]

Stage I /II vs III/IV

1

7.954 [3.284-19.264]

< 0.01

1

Metastasis

0.057 [0.008-0.416]

< 0.01

0.602 [0.059-6.165]

0.67

Tumor size < 50 mm

6.098 [3.067-12.200]1

< 0.01

2.415 [1.010-5.780]1

0.05

LRT

0.884 [0.201-3.886]

0.87

4.622 [0.671-31.856]

0.12

Resection

3.017 [1.620-5.620]1

< 0.01

12.849 [3.359-49.142]1

Transplant

1

10.769 [5.398-21.485]

< 0.01

< 0.01
1

28.129 [6.639-119.187]

< 0.01

1

Significant confidence interval.
White as a comparison group for race. AJCC: American Joint Committee on Cancer; API: Asians and Pacific Islanders; LRT: Locoregional therapy; OR:
Odds ratio.

to primary liver cancers in the absence of cirrhosis which may have allowed for more
aggressive attempts at surgical resection in Asians. Unfortunately, the SEER data does
not have information on underlying disease or whether HCC/ICC was found with
surveillance.
Our study also demonstrated that API had a survival advantage over whites and
blacks but did not have a difference in survival compared to Hispanics. However, a
slightly higher proportion of API and Hispanics had no survival information. Previous
studies have shown a higher incidence of HCC in Hispanics compared to Asians and
Hispanics were more likely to have underlying non-alcoholic fatty liver disease and
chronic hepatitis C virus infections[24]. Ha et al[25] suggested that blacks and Hispanics
were less likely to receive curative therapy for HCC due to the advanced stage at
presentation of HCC. Similar observations in racial and socioeconomic disparities
were found in Hispanic patients with CC[26,27]. While all of these observations suggest a
worse outcome for Hispanics with HCC or CC, ours is the first to describe a noninferior prognosis for Hispanics with the combined HCC/CC variant.
The burden of tumor likely affects overall prognosis and our study showed that
tumors less than 5 cm were associated with better 5-year survival. Several other small
studies have also suggested that tumor size > 5 cm was associated with a poor overall
survival[15,28]. Multiple tumors and microvascular invasion were other factors
associated with worse outcome after surgery[15]. However, there were several
additional studies that did not support specific tumor characteristics as being
prognostic in survival (Table 4). While our study demonstrated that tumor size
affected long term survival, this was likely because patients with smaller tumors were
more suitable candidates for surgery. Transplantation in the U.S. requires meeting
Milan criteria or undergoing downstaging with LRT to meet Milan criteria and these
presumably affected candidacy in our cohort.
The prognosis for HCC/CC is generally poor and our study showed that the
median survival for HCC/CC was only 6 mo. Treatment with resection or transplant
were associated with 5-year survival, however previous studies are divisive on which
treatment is superior or how these treatments compare to patients with HCC. Itoh
et al[29] compared long-term outcomes after living donor transplantation between 8
HCC/CC and 170 HCC patients and did not demonstrate a difference between overall
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Table 3 Multivariate Cox proportional hazard regression for 5-year survival
Hazard ratio

95%CI

P value

Age > 60 years old

0.862

0.708-1.050

0.14

Sex (Male)

1.071

0.863-1.328

0.54

Race

0.07
1

API vs black

0.654

0.452-0.948

API vs Hispanic

0.838

0.595-1.180

API vs white

0.727

0.555-0.9521

Black vs Hispanic

1.280

0.884-1.852

Black vs white

1.111

0.819-1.506

Hispanic vs white

0.868

0.660-1.140

AJCC stages

< 0.01
1

Stage I/II vs unknown

0.547

0.390-0.768

Stage III/IV vs unknown

0.709

0.509-0.9881

Stage I/II vs III/IV

0.772

0.571-1.042

Metastasis

1.229

0.918-1.645

0.17

Tumor size < 50 mm

0.704

0.545-0.9081

< 0.01

1.782

1.134-2.801

1

0.01

2.137-3.590

1

< 0.01

2.809-6.542

1

< 0.01

LRT
Resection

2.770

Transplant

4.247

1

Significant confidence interval. AJCC: American Joint Committee on Cancer; API: Asians and Pacific Islanders; LRT: Locoregional therapy.

Table 4 Summary of previous studies
Ref.

Country

Number of HCC/CC patients

1-year survival
(%)

3-year survival
(%)

Park et al[32],
2013

South
Korea

Hepatic resection (n = 10)

20

20

Age, sex, TACE and T stage by univariate
analysis, but none multivariate analysis

Antwi et al[33],
2018

United
States

Liver transplant (n = 19)

84

74

Response to neoadjuvant LRT

Groeschl
et al[31], 2013

United
States

Hepatic resection (n = 35);
Liver transplant (n = 19)

Resection: 71;
Transplant: 89

Resection: 46;
Transplant: 48

NA

Itoh et al[29],
2015

Japan

Living donor transplant (n = 8)

87.5

72.9

NA

Hepatic resection (n = 1390);
Liver transplant (n = 301)

Resection: 79;
Transplant: 85

Resection: 63;
Transplant: 63

Vascular invasion, lymph node involvement,
tumor size > 5 cm and advanced stage

Li et al[30], 2018 Metaanalysis

Factors predictive of survival

HCC/CC: Combined hepatocellular and cholangiocarcinoma; TACE: Transarterial chemoembolization; LRT: Locoregional therapy; NA: Not available.

and disease free survival. A meta-analysis of 1691 patients (42 studies) with HCC/CC
suggested that there was no significant difference for 5-year overall survival after liver
resection or transplantation[30]. However, Groeschl et al[31] compared the outcome
between 3378 HCC and 54 HCC/CC patients and showed that both transplant and
resection demonstrated a survival benefit in HCC/CC, but this benefit was inferior to
transplant for HCC. They questioned the use of liver transplant in the HCC/CC
variant.
Unfortunately, only a limited number of patients qualify for surgical treatment, and
this is likely contributing to a poor median and 5-year survival rate. While surgical
treatment can improve survival, the use of locoregional therapy or systemic therapies
for this variant is not clear. While a small study did show improvement in survival
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Figure 1 Overall survival shown by Kaplan-Meir curve. Median survival was 7 mo with 95%CI of 5-9 mo.

from HCC/CC with transarterial chemoembolization[32], our study did not
demonstrate a 5-year survival benefit in patients who received locoregional therapy.
HCC/CC patients who respond to pre transplant locoregional therapy may have
better post-liver transplantation 3-year overall survival[33]. However, unlike HCC, there
are no large studies with established pre-transplant therapies for patients with
HCC/ICC. The A.L.A.N. score, which is calculated with baseline actual neutrophil
count, lymphocytes-monocytes ratio, albumin, and neutrophil-lymphocytes ratio
developed by a group in the U.K., may provide prognostic information for patients
with advanced biliary cancer who received the first-line chemotherapy[34].
The role of lymph node involvement in HCC/ICC may be contributing to the
outcome. A previous report noted that up to 70% of HCC/CC cases demonstrate
lymph node metastasis, similar to the frequency in CC cases[35,36]. Lymph node
dissection is not generally done for HCC but is recommended for moderate and highrisk CC. Unfortunately, the SEER data did not have information as to whether a node
dissection was performed so we cannot draw definite conclusions on the role for this
in patients with the HCC/CC variant.
This study is limited in that it was based on a large database from multiple
institutions, and may be subject to reporting bias and coding errors. Data from the
SEER did not report the underlying chronic liver disease, laboratory studies to assess
hepatic function, and calculate CHILD Pugh score or detailed information on tumor
characteristics, which would be important in determining resectability and transplant
candidacy and thus impact on 5-year survival. Due to the nature of the SEER database,
it is not possible to know if patients received adjuvant chemotherapy after surgical
treatment, which may improve recurrence-free survival if combined HCC/CC has a
higher CC component[37].
It would have also been helpful to know if patients had their tumor found with
surveillance or whether they were symptomatic as this would help identify any
disparity in access to care, but this information is also unknown. In spite of these
limitations, the strength of this study is that it included a large number of patients with
a very rare variant. Individual institutions would never have enough cases of
combined HCC/CC to have the statistical power to show differences in the factors
analyzed.

CONCLUSION
Management of HCC/CC variant is difficult. The trend toward radiologic diagnosis of
HCC may be facilitating misdiagnosis of this variant and delaying recognition until
after the resected liver specimen has been examined. It is unclear if we should be
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treating HCC/ICC using similar protocols as HCC or if we should be adding adjuvant
therapies to address nodal involvement of the CC component or perhaps some
different approach altogether. We demonstrated that selection of tumors smaller than
5 cm and treatment with liver resection and transplant seem to be best associated with
long term survival. While this study can help identify prognostic factors, further
studies will be necessary to explain racial/ethnic differences, the effect of underlying
chronic liver disease and the role of locoregional and systemic therapies in this rare
variant.

ARTICLE HIGHLIGHTS
Research background
Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary
hepatic malignancy which carries a poor prognosis due to its aggressive nature. Few
centers have enough cases to draw definitive conclusions and there is limited
understanding of prognosis.

Research motivation
As there has not been a randomized clinical trial done on this topic to elucidate the
best treatment modality on HCC/CC, there is a need to better characterize the
prognosis of this disease.

Research objectives
In this retrospective study, we attempted to identify associated factors for 5-year
survival.

Research methods
We conducted a retrospective study of The Surveillance, Epidemiology, and End
Results database to identify HCC/CC cases from 2004 to 2015. We collected
demographics, American Joint Committee on Cancer (AJCC) stage, treatment, tumor
size, and survival data. Mann-Whitney U test was used to compare continuous
variables without normal distribution, and t-test was used to compare continuous
variables with a normal distribution. The Kaplan-Meier survival curve analyzed Fiveyear survival. These data were converted to categorical variables. Univariate and
multivariate logistic regression model was used to analyze factors associated with 5year survival. Multivariate Cox proportional hazard regression was done on 5-year
survival.

Research results
We identified 497 patients with the following characteristics: Mean age 62.4 years, 149
(30.0%) were female, racial distributions were 276 (55.5%) white, 53 (10.7%) black, 84
(16.9%) Asian and Pacific Islander (API), 77 (15.5%) Hispanic, and 7 (1.4%) others or
unknown. Stage I/II disease occurred in 41.5% and tumor size < 50 mm was seen in
35.6% of patients. The overall median survival was 6 mo. After multivariate logistic
regression, tumor size < 50 mm [odds ratio (OR): 2.415, P = 0.05], resection (OR: 12.849,
P < 0.01), and transplant (OR: 27.129, P < 0.01) showed significance for 5-year survival.
Age > 60, sex, race, AJCC stages, metastasis, and LRT were not significant. However,
API vs white showed significant OR of 2.793 (CI: 1.120-6.967). Cox proportional hazard
regression showed AJCC stages, tumor size < 50 mm, LRT, resection, and transplant
showed significant hazard ratio.

Research conclusions
HCC/CC patients with tumor size < 50 mm, resection, and transplant were associated
with an increase in 5-year survival. API showed advantageous OR and hazard ratios
over white, black.

Research perspectives
Prognosis and possible treatment modality for HCC/CC is different from
hepatocellular carcinoma or cholangiocarcinoma alone. As we depend heavily on
imaging diagnosis of hepatocellular carcinoma, this study may suggest the importance
of role of biopsy to confirm correct diagnosis.
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Abstract
BACKGROUND
MicroRNAs (miRNAs) have been suggested as biomarkers for malignant diseases
including hepatocellular carcinoma (HCC). Specifically, hsa-miR-21-5p (miR-21) is
among the most frequently deregulated miRNA in cancer. The diagnostic and
prognostic value of miR-21 has been demonstrated in HCC tissue, mostly in the
Asian population. Although the impact of various factors has been recently
reported for circulating hsa-miR-122-5p (miR-122), at present only limited
knowledge is available for miR-21.
AIM
To evaluate the value of miR-21 for the assessment of prognosis in HCC patients
and to delineate the influence of clinical and preanalytical factors on miR-21 level
in sera.
METHODS
Patients with confirmed HCC from our European cohort with predominantly
alcohol-associated liver damage were included in the study. All subjects were
characterized according to their clinical and laboratory work-up and overall
survival data were obtained. Quantitative real-time polymerase chain reaction
was performed for miR-21 and spiked-in cel-miR-39-3p. The results were
compared to previously reported miR-122 data.
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RESULTS
Survival of HCC patients was comparable between patients with low and high
serum miR-21 concentration. No association was observed between miR-21 level
in sera and Child-Pugh score, Barcelona Clinic Liver Cancer staging system, or
etiology of HCC/liver disease. Age, gender, or pretreatment had no association
with miR-21 level. A positive correlation was observed between miR-21 and
aspartate aminotransferase (r = 0.2854, P = 0.0061), serum miR-122 (r = 0.2624, P =
0.0120), and the International Normalized Ratio (r = 0.2065, P = 0.0496). Negative
correlation of miR-21 with serum creatinine (r = -0.2215, P = 0.0348) suggests renal
function as a potential influencing factor in miR-21 biogenesis in blood.
CONCLUSION
The results from this work do not support clinically relevant prognostic value of
circulating miR-21 in HCC patients in real-life settings. Following systematic
evaluation, we identified renal function and aspartate aminotransferase as
potential factors that may affect miR-21 concentration in blood. This knowledge
should be considered in future miRNA-based biomarker studies not only for HCC
but also for other diseases.
Key Words: Hepatocellular cancer; Hepatocellular carcinoma; MicroRNA; Prognosis;
miR-21-5p; Renal function
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In our previous work, we identified renal function, hemoglobin, and liver
injury as potential factors that may impact circulating microRNA expression. miR-215p is the most frequently deregulated miRNA in various types of cancer. Several
reports have proposed miR-21-5p as a prognostic biomarker in hepatocellular
carcinoma. In this study, serum miR-21-5p values were not associated with prognosis
of hepatocellular carcinoma in a European cohort of patients with predominantly
alcohol-related liver injury. In a similar fashion as previously reported for miR-122-5p,
changes in circulating miR-21-5p level correlated with renal function and liver injury.
This observation shows that caution should be taken in interpreting circulating miR-215p level and its biomarker potential.

Country/Territory of origin:
Germany

Peer-review report’s scientific
quality classification
Grade A (Excellent): 0
Grade B (Very good): 0
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

Received: June 11, 2020
Peer-review started: June 12, 2020
First decision: July 30, 2020
Revised: August 15, 2020
Accepted: September 18, 2020
Article in press: September 18, 2020
Published online: November 27,
2020

P-Reviewer: Rodrigues P
S-Editor: Zhang L
L-Editor: Filipodia
P-Editor: Wang LL

WJH

Citation: Franck M, Thon C, Schütte K, Malfertheiner P, Link A. Circulating miR-21-5p level
has limited prognostic value in patients with hepatocellular carcinoma and is influenced by
renal function. World J Hepatol 2020; 12(11): 1031-1045
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1031.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1031

INTRODUCTION
There is a substantial effort to identify disease-specific biomarkers. Increasing
evidence from intense research in the past several years strongly suggests that
microRNAs (miRNAs) may become a valuable tool for the early identification and
assessment of disease prognosis or treatment prediction. However, prior potential
implementation of novel biomarkers including miRNAs in clinical settings, there is a
great need for studies that deal with possible influencing factors[1]. At present, only
limited knowledge is available regarding the translational utility of miRNAs as
biomarkers in the real-life setting.
Hepatocellular carcinoma (HCC) is one of the most common cancers, even though
the factors responsible for disease development are very heterogeneous[2,3]. Prognosis
of patients with HCC is dependent on multiple factors including tumor biology, but is
also strongly related to residual liver and kidney function. Therefore, HCC is probably
the disease that may be best suited for evaluation of various influencing factors in
biomarker research. There are several prognostic assessment models and staging
systems for liver diseases and/or HCC available including Child-Pugh score[4,5], Model
of End-Stage Liver Disease score[6], the Cancer of the Liver Italian Program score[7],
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Okuda staging system[8], and the Barcelona Clinic Liver Cancer (BCLC) staging
system[9] and many of those include multiple variables related to liver and/or renal
function.
There is a great need for novel diagnostic, prognostic, and predictive biomarkers for
HCC patients that would help to refine the forecast and subsequently individualize
treatment decisions. MiRNA analyses of different solid cancers suggest the extensive
involvement of miRNAs in cancer pathogenesis[10]. Multiple miRNAs have been
examined in HCC previously, but substantial heterogeneity of data has hampered its
utility[11]. We recently re-evaluated the prognostic value of hsa-miR-122-5p (miR-122)
in a European cohort of well-characterized patients[1]. According to our data,
circulating miR-122 was associated with the overall survival (OS) of HCC patients only
in a subgroup of patients. We and others have identified multiple co-existing factors
that may influence circulating miR-122 levels such as liver injury, hemoglobin
concentration, or kidney function, but knowledge of other miRNAs in HCC is limited.
Undoubtedly, hsa-miR-21-5p (miR-21) is among the most frequently deregulated
miRNA in human cancers[10-12]. In-depth evidence gathered over the past several years
clearly demonstrates the pro-oncogenic function of miR-21 in carcinogenesis[13,14]. For
instance, an in vivo study used an miR-21-overexpression mouse model where miR-21
overexpression led to a pre-B malignant lymphoid-like phenotype, indicating that
miR-21 is an oncogenic miRNA[15].
In HCC, miR-21 promotes lipid accumulation in the liver and carcinogenesis
through the Hbp1-p53-Srebp1c pathway, and therefore represents a potential link
between non-alcoholic fatty liver disease and HCC[16]. It may play a role in mediating
sorafenib resistance of HCC[17]. In a mouse model, treatment with a miR-21 inhibitor
led to inhibition of tumor growth implicating miR-21 as potential therapeutic target in
HCC[18]. Overexpression of miR-21 in HCC tumors was uniformly described[19-21] and is
associated with poor OS and disease-free survival of HCC patients[19,20].
Higher miR-21 blood level was described in patients with HCC compared to healthy
donors[22-24], but the opposite observation has also been reported[25]. Several studies
have reported discordant results on circulating miR-21, particularly in patients with
chronic hepatitis B virus (HBV) infection and HCC[22,26,27]. Diagnostic value of miR-21 in
HCC has mostly been evaluated in HBV-dominant cohorts[22,23,27]. However, a recently
published meta-analysis suggested that high ubiquitous miR-21 expression may be a
limiting factor in the diagnostic performance of circulating miR-21[28].
In this study, we evaluated the value of serum miR-21 as a prognostic marker in a
European cohort with mainly alcohol-induced HCC. Furthermore, we identified and
explored the potential clinical conditions and laboratory co-factors that may influence
performance of miR-21 as a biomarker in HCC and potentially in other conditions.

MATERIALS AND METHODS
Study cohort
In total, the sera of 91 patients with HCC were available for analysis. The samples
were collected between January 2009 and April 2011 as previously described[1].
Diagnosis of HCC was confirmed either histologically or via non-invasive criteria
based on typical imaging using computer tomography and magnetic resonance
imaging. The study was performed according to the World Medical Association
“Declaration of Helsinki–Ethical Principles for medical research involving human
subjects,” and was approved by the local Institutional Review Board of Otto-vonGuericke University Magdeburg (No. 99/10). Written informed consent was obtained
from patients prior inclusion in the primary study. All patients were well
characterized according to laboratory parameters, concomitant liver disease, and HCC
including Child-Pugh score and BCLC staging as previously reported[1].

Extraction of RNA and miRNA expression analysis
Following centrifugation, all serum samples were stored at -80 °C prior to further use.
We performed extraction of RNA (including miRNA) according to a previously
described and established protocol using the miRNeasy Mini Kit (QIAGEN, Hilden,
Germany)[29]. Briefly, 700 µL QIAzol Lysis Reagent were initially mixed with 100 µL
serum. During this step, we added 5 μL of a 5 nM cel-miR-39 solution for internal
normalization. The quality of RNA was examined using spectrophotometry. Following
washing steps, RNA was finally eluted in 30 µL RNase-free water and stored at -80 °C
until further use. Quantification of cel-miR-39-3p (assay ID: 000200) and hsa-miR-1225p (assay ID: 002245) expression were assessed using the TaqMan miRNA assay and
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TaqMan Universal Master Mix II (Applied Biosystems, Foster City, CA, United States).
Hsa-miR-21-5p was assessed with internally validated SYBR green method as
previously described[30]. RNA (20 ng) was transcribed and used for the quantitative
PCR (qPCR). The analyses were performed on the BioRad CFX Cycler System (BioRad,
Hercules, CA, United States) in duplicate and the Ct or threshold cycle value was used
for normalization and subsequent relative quantification.

Statistical analysis
For statistical analysis, we used GraphPad Prism Version 7.0 (GraphPad Software, San
Diego, CA, United States). Two-sided P values ≤ 0.05 were defined as significant.
Based on the normality of distribution of miRNA values (2-deltaCt [miR-21/cel-miR39]), we used nonparametric tests such as Spearman’s rank correlation coefficient,
Mann-Whitney test, Kruskal-Wallis test, and Dunn’s post-hoc test. Chi-square (χ2) test
and Fisher’s exact test were used for contingency testing accordingly. Additionally, the
unpaired t-test was used for analysis of laboratory parameters as appropriate. The
data are presented as boxplots with whiskers for minimum and maximum. The
survival time was defined as the time between inclusion in our study (date of blood
withdrawal) and death or last documented contact. Kaplan-Meier survival curves and
nonparametric log-rank test were used to evaluate survival differences. Median (50%
percentile) was used to define the groups with high and low serum miR-21 expression,
miR-122, alpha-fetoprotein (AFP) expression.

RESULTS
The analysis of miR-21 in serum showed high variability between samples (mean Ct
value: 29.61 ± 0.78, [min: 27.38, max: 31.22, range: 3.84]). First, we divided the cohort in
two groups with miR-21-high and miR-21-low serum levels based on the median as
shown in Table 1. Most parameters showed no statistically significant difference
between the groups including gender, age, etiology of HCC, BCLC stage, or treatment
status.

Circulating miR-21 in relation to staging and etiology of liver disease
To evaluate the role of disease stage or etiology of the concomitant liver disease, we
performed subgroup testing. Circulating miR-21 in patients with HCC were similar
between patients with different Child-Pugh scores (P = 0.7991; Figure 1A), BCLC
stages (P = 0.3947; Figure 1B) or was interdependent of etiologies of underlying liver
disease (P = 0.6331; Figure 1C) suggesting that other factors than HCC or liver disease
may contribute to miR-21 variation.

Circulating miR-21 and parameters of liver and kidney injury
To evaluate if concomitant conditions including liver injury, liver function or kidney
injury may affect miR-21 level, we performed comparison of various laboratory
parameters and serum miR-21. As shown in Figure 2A, there was a non-significant
trend for a positive correlation between miR-21 and alanine aminotransferase (ALAT)
(r = 0.1709, P = 0.1053). In much stronger fashion, we observed a statistically
significant positive correlation between miR-21 and aspartate aminotransferase
(ASAT) (r = 0.2854, P = 0.0061; Figure 2B). Correspondingly, patients with higher miR21 had also significantly higher ASAT levels (P = 0.0307; Table 1). Even though, miR-21
showed no correlation with AFP (r = 0.1025, P = 0.3337; Figure 2C), the miR-21-high
group was associated with higher AFP levels (P = 0.0469; Table 1). MiR-21 levels were
furthermore associated with the International Normalized Ratio (r = 0.2065, P = 0.0496;
Figure 2D) and patients with high miR-21 had higher International Normalized Ratio
accordingly (P = 0.0486; Table 1). Subsequent analysis of other parameters of the liver
function such as bilirubin or albumin revealed not association with miR-21 (Tables 1
and 2). Most importantly from the clinical perspective, we observed a negative
correlation between miR-21 level and creatinine level (r = -0.2215, P = 0.0348;
Figure 2E), suggesting that renal function may impact miR-21 level in blood. Tables 1
and 2 provide a detailed overview on other factors that have been evaluated in the
study with no significant difference.

Circulating miR-21 and survival analysis
The survival data of our cohort have been previously validated and reported[1]. To
evaluate the prognostic value of miR-21, we divided our study population based on
the 50th percentile of miR-21 into patients with high and low level. We did not find any
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Table 1 Clinical and laboratory characteristics of hepatocellular carcinoma patients and hsa-miR-21-5p expression
All patients

miR-21 low1

miR-21 high2

91

47

44

Women

17 (18.7%)

7 (14.9%)

10 (22.7%)

Men

74 (81.3%)

40 (85.1%)

34 (77.3%)

Age in yr

mean ± SD

67.91 ± 8.98

69.11 ± 8.84

66.64 ± 9.05

0.1912

Etiology (n, %):

Alcohol abuse

41 (45.1%)

22 (46.8%)

19 (43.2%)

0.7560

Viral hepatitis

12 (13.2%)

5 (10.6%)

7 (15.9%)

NASH

13 (14.3%)

8 (17.0%)

5 (11.4%)

Rare or other cause3

25 (27.5%)

12 (25.5%)

13 (29.5%)

A

16 (17.6%)

7 (14.9%)

9 (20.5%)

B

37 (40.7%)

20 (42.6%)

17 (38.6%)

C+D

38 (41.8%)

20 (42.6%)

18 (40.9%)

No liver cirrhosis

16 (17.6%)

8 (17.0%)

8 (18.2%)

A

45 (49.5%)

25 (53.2%)

20 (45.5%)

B+C

30 (33.0%)

14 (29.8%)

16 (36.4%)

Therapy naïve

26 (28.6%)

11 (23.4%)

15 (34.1%)

Pretreated

65 (71.4%)

36 (76.6%)

29 (65.9%)

No ascites

58 (63.7%)

30 (63.8%)

28 (63.6%)

Ascites present

33 (36.3%)

17 (36.2%)

16 (36.4%)

Bilirubin (µmol/L):

mean ± SD

23.38 ± 31.73

24.27 ± 40.47

22.43 ± 18.78

0.7833

AFP (ng/mL):

mean ± SD

4593 ± 20162

540 ± 1533

8922 ± 28481

0.0469

INR5:

mean ± SD

1.076 ± 0.2127

1.034 ± 0.1450

1.122 ± 0.2611

0.0486

Platelets (Gpt/L):

mean ± SD

195.6 ± 118.7

182.7 ± 80.5

209.3 ± 149.0

0.2870

ALAT (μmol/Ls):

mean ± SD

0.7457 ± 0.4460

0.6955 ± 0.3425

0.7993 ± 0.5340

0.2697

ASAT (μmol/Ls):

mean ± SD

1.267 ± 1.041

1.040 ± 0.597

1.510 ± 1.330

0.0307

Hemoglobin (mmol/L):

mean ± SD

7.811 ± 1.254

7.655 ± 1.122

7.977 ± 1.375

0.2230

Creatinine (µmol/L):

mean ± SD

92.92 ± 67.95

102.3 ± 88.46

82.91 ± 33.08

0.1751

Albumin (g/L):

mean ± SD

36.29 ± 6.539

36.47 ± 5.668

36.10 ± 7.420

0.7938

Patient number:
Gender (n, %):

BCLC stage (n, %):

Child-Pugh score (n, %):

Treatment (n, %)4:

Ascites (n, %):

P value

0.4231

0.7787

0.7443

0.3535

0.9999

1

miR-21 50% percentile.
miR-21 > 50% percentile.
3
Including hemochromatosis.
4
Patients with different kind of pretreatments (for example hepatic resection, transarterial chemoembolization, selective internal radiation therapy and
sorafenib) were included.
5
For 30 patients we obtained no exact laboratory value of the International Normalized Ratio (only < 1.5). For these patients, we calculated the International
Normalized Ratio based on the Quick. P values were calculated with unpaired t-test, Fisher’s exact test, and χ2 test as appropriate. AFP: Alpha-fetoprotein;
ALAT: Alanine aminotransferase; ASAT: Aspartate aminotransferase; BCLC: Barcelona Clinic Liver Cancer; INR: International Normalized Ratio; NASH:
Non-alcoholic steatohepatitis; SD: Standard deviation.
2

significant difference in survival between these groups (P = 0.2697; Figure 3A).
Furthermore, no survival difference was found between the groups if the cohort was
divided into three groups according to the 25th, 33th, and 75th percentile (data not
shown). Taking into account the differences in tumor biology, we performed subgroup
analysis for different BCLC stages. Neither separate analysis for combined BCLC A
and B (P = 0.1428; Figure 3B) nor BCLC C and D (P = 0.4955; Figure 3C) were
associated with survival differences. Having shown an association to creatinine, we
further explored the prognostic value in subjects with normal and impaired renal
function, but no prognostic difference was observed based on miR-21 level in patients
with normal or pathological creatinine (P = 0.2564, Figure 4A and P = 0.8378,
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Table 2 Correlation analyses of hsa-miR-21-5p and clinical or laboratory parameters
2-ΔCt miR-21 / cel-miR-39

Parameter

Spearman r

Confidence interval

P value

Age in yr

-0.1147

-0.3188 to 0.09956

0.2789

Creatinine (µmol/L)

-0.2215

-0.4139 to -0.01013

0.0348

Bilirubin (µmol/L)

0.1484

-0.06547 to 0.3493

0.1603

ALAT (µmol/Ls)

0.1709

-0.0425 to 0.3694

0.1053

ASAT (µmol/Ls)

0.2854

0.07828 to 0.4689

0.0061

Albumin (g/L)

-0.01562

-0.2267 to 0.1969

0.8832

AFP (ng/mL)

0.1025

-0.1118 to 0.3077

0.3337

Hemoglobin (mmol/L)

0.1377

-0.07638 to 0.3396

0.1931

0.2065

-0.005615 to 0.4008

0.0496

0.09185

-0.1224 to 0.2979

0.3865

0.2624

0.05357 to 0.4493

0.0120

INR

1

Platelets (Gpt/L)
-ΔCt

2

miR-122 / cel-miR-39

1

For 30 patients, we obtained no exact laboratory value of the International Normalized Ratio (only < 1.5). For these patients, we calculated the
International Normalized Ratio based on the Quick. ALAT: Alanine aminotransferase; ASAT: Aspartate aminotransferase; AFP: Alpha-fetoprotein; INR:
International Normalized Ratio; miR-21: Hsa-miR-21-5p.

Figure 4B, respectively). Higher miR-21 levels were not associated with a worse
prognosis in patients with normal ALAT (P = 0.8094, Figure 4C), while a slight trend
for worse OS was observed in patients with pathological ALAT (P = 0.0800,
Figure 4D). In a similar way, we found no significant difference in OS in patients with
normal ASAT but a non-significant trend in patients with pathological ASAT (P =
0.8423, Figure 4E, P = 0.1170, Figure 4F, respectively).

Circulating miR-21, miR-122 and AFP
Next, we evaluated the link between serum miR-21 and serum miR-122 levels. There
was a positive correlation between miR-21 and miR-122 (r = 0.2624, P = 0.0120;
Figure 5A), which suggests that circulating miRNAs may behave in a similar manner
dependent on certain conditions like liver disease or renal function. We investigated if
the combination of serum miR-21 and miR-122 may improve prognostic value in
patients with HCC. After dividing our study group according to the median of miR-21
and miR-122 level, we formed three groups (patients with low miR-21 and low miR122, patients with either low miR-21 or low miR-122, patients with high miR-21 and
high miR-122); however, no significant difference in OS was observed (P = 0.3377;
Figure 5B).
In a similar fashion, we investigated the association of serum miR-21 in correlation
with AFP on OS. In HCC patients, higher AFP levels were associated with shorter OS
in subjects with miR-21 Low (P = 0.0237; Figure 5C) but only with a trend for shorter
OS in miR-21 high group (P = 0.0917; Figure 5D). In subgroup analysis, AFP was
indeed associated with a worse prognosis, but the impact was independent of miR-21
level (data not shown).

DISCUSSION
Data on translational value of serum miR-21 in HCC in real-life settings are
heterogeneous and only limited evidence is available for the European population. In
this work, we systematically analyzed the prognostic value of serum miR-21 in our
well-characterized European cohort of HCC patients, and evaluated the potential
influence of various factors on its level in serum. The results of our study do not
support the prognostic role of miR-21 in HCC. MiR-21 was neither associated with
worse OS nor with etiology or tumor stage. Most interestingly, circulating miR-21
levels correlated significantly with ASAT, as surrogate for liver injury, and with
creatinine, as a surrogate for renal function.
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Figure 1 Serum hsa-miR-21-5p level in correlation to Child-Pugh score, Barcelona Clinic Liver Cancer stage, and underlying etiology. A:
Serum hsa-miR-21-5p (miR-21) level and Child-Pugh score: No liver cirrhosis (n = 16), Child-Pugh A (n = 45), Child-Pugh B (n = 27), Child-Pugh C (n = 3), P =
0.7991; B: Serum miR-21 and Barcelona Clinic Liver Cancer (BCLC) staging system: Stage A (n = 16), stage B (n = 37), stage C (n = 32), stage D (n = 6), P =
0.3947; and C: Serum miR-21 and underlying etiology of the hepatocellular carcinoma: Alcohol abuse (n = 41), viral hepatitis (n = 12), non-alcoholic steatohepatitis
(NASH) (n = 13), hemochromatosis (n = 6), rare or other (n = 19), P = 0.6331. Kruskal-Wallis test and post-hoc Dunn’s test were used for statistical analysis. MiR-21:
Hsa-miR-21-5p.

The prognostic value of circulating miR-21 has been studied in several studies. The
overview of the studies is provided in Table 3. Among those, four studies reported
that high miR-21 was associated with a worse prognosis[18,24,31,32], while one study[25], in
concordance with our data, did not support prognostic role of miR-21. Another study
demonstrated significantly better liver transplantation-free survival in HCC patients
with higher plasma miR-21 levels[33]. As mentioned above, the available data are
mostly based on the evidence from Asian populations and mainly include
HBV/hepatitis C virus-induced HCC, while our work is among the first to evaluate
the survival in patients from European origin. One may speculate if etiology of HCC
may be responsible for the differences in the study outcome; however, our subgroup
analysis did not reveal any difference in this regards. From another point of view,
differences in tumor stage may also influence miR-21 level. Our cohort involved a
large proportion of patients with intermediate or advanced HCC (BCLC B and C).
Nevertheless, the samples size in our work may be too low to precisely delineate the
interaction and larger studies with possibility to perform multivariate adjustments for
liver and renal injury in view of tumor stage and etiology of the disease will be
needed.
AFP is among the most valuable prognostic markers in HCC. Wang et al[19] reported
a positive correlation between miR-21 in tissues and serum AFP[19]. Tomimaru et al[24]
and Liu et al[32] reported a similar correlation between circulating miR-21 in the blood
and AFP[24,32]. In concordance with the data form Zhang et al[18], although our study
demonstrated higher AFP values in patients with high serum miR-21 levels, it still did
not reveal any correlation among the parameters.
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Table 3 Comparison of studies with a statement about the prognostic value of blood hsa-miR-21-5p in patients with hepatocellular
carcinoma
Tomimaru
Characteristics

Qi et al[25]

Liu et al[32]

Wang et al[31]

Cho et al[33]

Zhang et al[18]

Current data

High miR-21 and
prognosis

↔

Trend for worse
prognosis

Worse
prognosis

Worse prognosis

Better liver
transplant-free
survival

Worse prognosis

↔

Group allocation:
Cut-off-value

NA

Cut-off based on
ROC analyzes

50th percentile

50th percentile

50th percentile

NA

50th percentile

Origin of the cohort

Asia

Asia

Asia

Asia

Asia

Asia

Europe

Predominant etiology HBV

HCV/HBV

HBV

HBV

HBV

NA

Mainly alcohol
abuse

TNM reported

Yes

Yes

Yes

Yes

Yes

BCLC reported

et al[24]

Yes

Yes

Yes

Child-Pugh score
reported

Yes

Yes

Yes

Yes

Yes

Sampling

Before
surgery

Before surgery

Before TACE

No exact
information,
surgical resection

Before surgery
or RFA

Pre- and
postoperative
serum samples

Therapy naïve
and pretreated

Patients

70

126

136

97

120

46

91

Specimen

Serum

Plasma

Serum

Serum

Plasma

Serum

Serum

qPCR method

TaqMan®

TaqMan®

SYBRGreen

SYBR Green

TaqMan®

Unknown

TaqMan®
SYBRGreen

Normalization

miR-16

miR-16

Quanto EC1,
Quanto EC2

cel-miR-39

MiR-16

RNU6b

cel-miR-39

Publishing year

2011

2012

2014

2015

2017

2019

2020

BCLC: Barcelona Clinic Liver Cancer; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; NA: Non-available; NASH: Nonalcoholic steatohepatitis; qPCR: Quantitative PCR; RFA: Radiofrequency ablation; ROC: Receiver operating characteristic; TACE: Transarterial
chemoembolization; TNM: Tumor-Node-Metastasis Classification of Malignant Tumors.

An open question remains regarding the source of circulating miR-21 in HCC
patients. Since miR-21 is present at a relatively high level in serum, it is hard to
consider it a specific surrogate for the HCC tumor load. Nevertheless, several reports
have suggested that circulating miR-21 may originate from tumor tissue. Studies have
shown a reduction of miR-21 in blood after surgery[18,22,24,26]. Furthermore, concordant
data have been reported for serum miR-21 and associated tissue levels[18,22,24],
hypothesizing HCC tumor tissue as a potential source of miR-21 in HCC patients. At
the same time, another hypothesis suggests that elevated circulating miR-21 may be
triggered by non-specific liver damage. Based on our observation, miR-21 correlated
with ASAT, which at least indirectly supports the hypothesis of liver injury.
Additionally, miR-21 correlated significantly with serum miR-122 as highly abundant
liver-specific miRNA[34,35]. Non-specific release of miR-122 from liver tissue has also
been previously discussed[36,37]. Another study explored the influence of
necroinflammation in patients with hepatitis C virus with and without HCC[38]. The
authors demonstrated similar values of serum miR-21 between patients with and
without HCC, suggesting that higher miR-21 level may be caused by non-specific liver
injury rather than tumor-induced miR-21 release. Although our results do not link
miR-21 with liver cirrhosis or liver function, Karakatsanis et al[20] showed that miR-21
was associated with cirrhosis[20], and Wang et al[39] correlated exosomal miR-21 with
presence of liver cirrhosis[39].
Renal function seems to be a crucial confounding factor for miRNA analysis in
blood not only for miR-122[1] as previously reported, but also for miR-21. On one hand,
upregulation of miR-21 in kidney plays a role in acute kidney injury as a defense
mechanism to reduce cell death. On the other hand, overexpression of miR-21, caused
by massive cell death, leads to renal inflammation and fibrosis[40]. Renal injury in
animal studies is associated with increased miR-21 expression in tissue and lower
levels in blood[41]. In human, miR-21 was lower in subjects with cardiac surgery-
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Figure 2 Correlation analysis of serum hsa-miR-21-5p and common laboratory parameters. Correlation between serum hsa-miR-21-5p and A:
Alanine aminotransferase (ALAT); B: Aspartate aminotransferase (ASAT); C: Alpha-fetoprotein (AFP); D: International Normalized Ratio (INR); and E: Creatinine. For
30 patients only laboratory quick value was available and reverse calculation of International Normalized Ratio for values below < 1.5 were performed. Spearman’s
correlation coefficient was used for statistical analysis. MiR-21: Hsa-miR-21-5p.

associated acute kidney injury[42]. Our data strongly support the suggestion that renal
function may affect circulating miRNAs as both miR-21 and miR-122 have shown a
clear correlation with creatinine values. Taking into account the fact that miR-21 has
been suggested as a potential biomarker for a large number of diseases including
cancer[11,43] it will be necessary in the future to consider those variations in ongoing
studies. In particular, miR-21 has been suggested as a diagnostic marker for malignant
diseases including gastric, colorectal cancer, and HCC. Because of the miR-21 variation
in our cohort, we speculate that the diagnostic value of miR-21 may be also affected by
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Figure 3 Overall survival analysis in relation to hsa-miR-21-5p level. A: All patients were divided into two groups: (1) Low: < 50th percentile (n = 47) and
(2) High: > 50th percentile (n = 44), two patients exhibit exactly the median expression of serum hsa-miR-21-5p, that is why, the group division is not exactly
symmetric; B: Overall survival analysis in patients with Barcelona Clinic Liver Cancer staging system A + B (divided into two groups: (1) Low: < 50th percentile [n = 27]
and (2) High: > 50th percentile [n = 26]); C: Survival analysis in patients with Barcelona Clinic Liver Cancer staging system C + D (divided into two groups: (1) Low: <
50th percentile [n = 20] and (2) High: > 50th percentile [n = 18]). Nonparametric log-rank test was used for statistical analysis. MiR-21: Hsa-miR-21-5p.

the renal and liver function. In-depth systematic data including miRNA-profiling are
encouraged to address this topic in detail.

CONCLUSION
In summary, the results of this study do not support the role of circulating miR-21 as
prognostic biomarker for patients with HCC in our European cohort. A positive
correlation between miR-21 and ASAT and negative correlation with creatinine
strongly emphasizes that non-specific liver injury and renal function may influence the
sensitivity and specificity of miRNAs as biomarkers, and that those factors need to be
carefully assessed in future studies.
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Figure 4 Overall survival analysis in subgroups of patients in relation to hsa-miR-21-5p level. A: Survival analysis in patients with normal creatinine
(divided into two groups: (1) Low: < 50th percentile (n = 33) and (2) High: > 50th percentile [n = 33]); B: Survival analysis in patients with pathological creatinine (hsamiR-21-5p [miR-21] low n = 13; miR-21 high n = 12); C: Survival analysis in patients with normal alanine aminotransferase (miR-21 low n = 29; miR-21 high n = 29);
D: Survival analysis in patients with pathological alanine aminotransferase (ALAT) (miR-21 low n = 17, miR-21 high n = 16); E: Survival analysis in patients with
normal aspartate aminotransferase (ASAT) (miR-21 low n = 15; miR-21 high n = 15); and F: Survival analysis in patients with pathological ASAT (miR-21 low n = 31;
miR-21 high n = 30). Nonparametric log-rank test was used for statistical analysis. MiR-21: Hsa-miR-21-5p.
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Figure 5 Overall survival analysis in hepatocellular carcinoma patients in relation to serum hsa-miR-21-5p, hsa-miR-122-5p, and alphafetoprotein levels. A: Correlation between serum hsa-miR-21-5p (miR-21) and serum hsa-miR-122-5p (miR-122); B: All patients were divided into three groups:
Both miR-21 and miR-122 low (50th percentile, n = 28); one of miR-21 or miR-122 low (50th percentile, n = 37); both miR-21 and miR-122 high (> 50th percentile, n =
26); C: Analysis of overall survival of alpha-fetoprotein (AFP) low (n = 24) vs AFP high (n = 23) in patients with low miR-21 levels; and D: Analysis of overall survival
of AFP low (n = 22) vs AFP high (n = 22) in patients with high miR-21 levels. Spearman correlation and nonparametric log-rank test were used for statistical analysis.
MiR-21: Hsa-miR-21-5p; MiR-122: Hsa-miR-122-5p.

ARTICLE HIGHLIGHTS
Research background
MiR-21-5p (miR-21) is one of the most frequently deregulated microRNAs (miRNAs)
in tissue and in body fluids in different diseases and most importantly in cancer.
Overexpression and prognostic value of tissue miR-21 in hepatocellular carcinoma
(HCC) has been previously suggested, but the data are heterogeneous. Greatest
evidence in support of miR-21 as a biomarker originate from Asian population,
highlighting the need for additional scientific effort and search for potential
confounding factors including etiological background of HCC.

Research motivation
Data on prognostic value of serum miR-21 in patients with mainly alcohol abuseinduced HCC as well as the knowledge of potential influencing factors and underlying
mechanism are still limited.

Research objectives
We evaluated the prognostic value of serum miR-21 in a European cohort of HCC
patients with mainly alcohol-associated liver disease in real-life settings. We also
explored the potential confounding clinical or laboratory influencing factors on the
serum miR-21 levels.
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Research methods
Circulating miR-21 level were analyzed in 91 sera samples from well-characterized
patients with HCC. Clinical and laboratory parameters (including alpha-fetoprotein),
miR-122 as well as the overall survival (OS) were examined.

Research results
We observed no association between serum miR-21 and OS, Child-Pugh scores, or
BCLC staging data. Significant correlation between serum miR-21 and aspartate
aminotransferase, International Normalized Ratio, creatinine, and hsa-miR-122
suggested the potential influence of liver and renal function on circulating miR-21
levels.

Research conclusions
Our data do not support prognostic role of miR-21 in HCC patients. An association of
miR-21 with surrogate markers of liver injury and renal function strongly support the
need for better understanding of influencing factors in miRNA biogenesis.

Research perspectives
Systematic profiling studies that provide overall data assessment of miRNAs in view
of potential influencing factors in blood are needed prior clinical implementation of
miRNAs as clinical biomarkers.
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BACKGROUND
In hepatocellular carcinoma (HCC), detection and treatment prior to growth
beyond 2 cm are relevant as a larger tumor size is more frequently associated with
microvascular invasion and/or satellites.

Informed consent statement: This

AIM
To examine the impact of the tumor marker alpha-fetoprotein (AFP) or PIVKA-II
in detecting very small HCC nodules (≤ 2 cm in maximum diameter, Barcelona
stage 0) in the large number of very small HCC. The difference in the behavior of

study is a retrospective
observational study and does not
require consent form.
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METHODS
A total of 933 patients with single-nodule HCC were examined. They were
subdivided into 394 patients with HCC nodules ≤ 2 cm in maximum diameter and
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RESULTS
The positive ratio of the marker PIVKA-II was significantly different (P < 0.0001)
between patients with nodules ≤ 2 cm in diameter and those with nodules > 2 cm,
but there was no significant difference in AFP (P = 0.4254). In the patients whose
tumor was ≤ 2 cm, 50.5% showed normal levels in AFP and 68.8% showed normal
levels in PIVKA-II. In 36.4% of those patients, both AFP and PIVKA-II showed
normal levels. The PIVKA-II-positive ratio was markedly increased with an
increase in the tumor size. In contrast, the positivity in AFP was increased
gradually and slowly.
CONCLUSION
In the surveillance of very small HCC nodules (≤ 2 cm in diameter, Barcelona
clinical stage 0) the tumor markers AFP and PIVKA-II are not so useful.
Key Words: Hepatocellular carcinoma; AFP; PIVKA-II; Barcelona clinical stage; Tumor
markers
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In hepatocellular carcinoma, detection and treatment prior to nodule growth
of 2 cm (Barcelona stage 0) are relevant as a larger tumor size is more frequently
associated with microvascular invasion and/or satellites. We surveyed the real impact
of the tumor markers alpha-fetoprotein (AFP) or PIVKA-II in detecting very small
hepatocellular carcinoma with a large number of cases (≤ 2 cm in diameter 394 cases)
and found in AFP that 50.5% and in PIVKA-II that 68.8% showed normal levels.
Moreover, 36.4% of the patients showed normal levels in both AFP and PIVKA-II. In
the surveillance of very small hepatocellular carcinoma nodules, the tumor markers are
not so useful.
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INTRODUCTION
For the detection of hepatocellular carcinoma (HCC) from various liver diseases,
especially liver cirrhosis, surveillance with the tumor markers, alpha-fetoprotein (AFP)
and PIVKA-II, or detection with the imaging modalities, ultrasonography (US) or
magnetic resonance imaging (MRI) [computed tomography (CT)], is usually
performed.
Detection and treatment prior to growth beyond 2 cm are relevant as a larger tumor
size is more frequently associated with microvascular invasion and/or satellites,
which are major predictors of recurrence after initial effective treatment[1]. The same
tendency was observed by Stravitz et al[2], and they reported that the early detection of
HCC improves the prognosis.
Therefore, we must identify minute HCC nodules (≤ 2 cm in diameter) in the
surveillance of HCC. Previous reports concerning the tumor markers AFP and PIVKAII in very small HCCs included a relatively small number of cases. In this retrospective
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analysis, we examined the precise levels of these markers in a large number of very
small HCC cases (< 2 cm in diameter, 394 cases) and whether the tumor marker AFP or
PIVKA-II is useful to find very small HCC (≤ 2 cm in maximum diameter, Barcelona
clinic liver cancer staging 0)[3,4]. Also, we examined the difference in the behavior of
these tumor markers in relation to the tumor size of HCC nodules.

MATERIALS AND METHODS
Study population
This was a retrospective study that included 933 patients with single HCC nodules
who entered the following three hospitals in Yokohama City for the first time, between
January 2008 and January 2019: Gastroenterological Center, Yokohama City University
Medical Center, Department of Gastroenterology, Yokohama Municipal Citizen's
Hospital, Department of Clinical Research, National Hospital Organization Yokohama
Medical Center. HCCs were diagnosed chiefly by dynamic CT and abdominal
angiography, which showed early enhancement and early wash out. This work was
performed in accordance with the Declaration of Helsinki.
Previously diagnosed HCC was excluded from the protocol. This study was
performed after approval by the respective institutional review boards.
The patients were classified according to etiologies of liver diseases: 72 with
hepatitis B (presence of hepatitis B surface antigen in serum), 540 with hepatitis C
(presence of hepatitis C antibody in serum), 10 with primary biliary cholangitis, five
with autoimmune hepatitis, 70 with alcoholic liver diseases, and others (Table 1).

Measurement of PIVKA-II and AFP
Samples were collected before the treatment for HCC. Concentrations of PIVKA-II and
AFP in serum samples were determined by the chemiluminescent enzyme
immunoassay in all three hospitals, and the cutoff values for PIVKA-II and AFP were
40 mAU/mL and 10 ng/mL, respectively, in every hospital. For PIVKA-II and AFP, ≤
40 mAU/mL and ≤ 10 ng/mL were set as normal values, respectively.

HCC detection
The diagnosis of HCC was confirmed by US, MRI, CT, enhanced dynamic CT, and
abdominal angiography. All patients underwent abdominal angiography to confirm
the single nodules. The maximum diameter of the HCC nodules was scaled by US or
MRI.
Helical dynamic CT and abdominal angiography were performed in almost all
patients except the patients with hypersensitivity to iodine and with advanced kidney
disease. In the helical dynamic CT, an intravenous bolus injection of contrast material
and sequential scanning were performed, and intense homogenous arterial-phase
(early enhancement) and early washout were thought to be characteristic of HCC[5-7].
Abdominal angiography was also performed to exclude the benign nodular lesions
and to exclude the HCC patients with macrovascular invasion.
The patients with macrovascular invasion or extrahepatic metastasis were excluded.
In the hepatectomy performed patients, final decision of HCC was made by
pathological diagnosis and cases of benign nodules were excluded.

Statistical analysis
For the comparisons of test-positive proportions between > 2 cm and ≤ 2 cm tumors,
we conducted chi-squared tests for AFP and PIVKA-II, respectively. To understand
the relationships between the tumor size and test-positive proportions for AFP and
PIVKA-II, we applied logistic regression models using the tumor size as an
independent variable and test results (positive or not) as the dependent variable. All
reported P values correspond to two-sided tests, and P < 0.05 was considered
significant. All analyses were performed with Statistics Analysis System, version 9.4
(Statistics Analysis System Institute, Cary, NC, United States).

RESULTS
The clinical characteristics of the patients are summarized in Table 1. Our study
included 933 HCC patients with a single nodule. In total, 622 patients were male, and
311 patients were female. The average age was 72.0 ± 9.6 years. Concerning the tumor
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Table 1 Background of the hepatocellular carcinoma patients
Maximum diameter of nodules
≤ 20 mm

> 20 mm

394

539

Male

230 (58.4%)

392 (72.7%)

Female

164 (41.6%)

147 (22.3%)

71.3 ± 8.8

72.5 ± 10.1

HBV

33 (8.4%)

39 (7.2%)

HCV

274 (69.5%)

266 (49.4%)

PBC

4 (1.0%)

6 (1.1%)

Alcohol

17 (4.3%)

53 (9.8%)

NASH

4 (1.0%)

8 (1.5%)

Autoimmune hepatitis

3 (0.8%)

2 (0.4%)

Unknown

23 (5.8%)

62 (11.5%)

Number of patients
Sex

Age in yr
Etiology

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis; PBC: Primary biliary cirrhosis.

size at diagnosis, 394 patients had HCC nodules ≤ 2 cm in maximum diameter, and 539
patients had nodules larger than 2 cm in maximum diameter.
The positive rates of AFP and PIVKA-II in patients whose tumor was ≤ 2 cm and
those whose tumor size was more than 2 cm are shown in Table 2. The level of PIVKAII showed a significant difference (P < 0.0001), but there was no difference in AFP (P =
0.4254).
Table 3 shows the rates of patients whose AFP and PIVKA-II exhibited normal
values in those with a maximum tumor size of ≤ 2 cm. In AFP, 50.5% showed normal
levels, and in PIVKA-II, 68.8% showed normal levels. A more important finding was
that, in 36.4% of the patients, both AFP and PIVKA-II showed normal levels.
Table 4 shows the treatment methods of all HCC patients. In the very small HCC
patients (≤ 2 cm), the radiofrequency ablation group occupied the majority. In the
relatively large HCC group (> 2 cm), treatment by transcatheter arterial
chemoembolization was the most frequent, followed by hepatectomy and
radiofrequency ablation.
Figure 1 shows the relationship between the tumor size and PIVKA-II and AFP
positivity. The PIVKA-II positive ratio was markedly increased with an increase in
tumor size. In contrast, the positivity in AFP was increased gradually and slowly.
Figure 2 shows the correlation between the tumor size and PIVKA-II levels. The
correlation ratio was 0.5691 (P < 0.0001).
Figure 3 shows the correlation between the tumor size and AFP levels. The
correlation ratio was 0.1895 (P < 0.0001).

DISCUSSION
Although the early detection of HCC with imaging modalities has been developed in
recent years, tumor markers are still commonly used in HCC detection and follow-up.
We demonstrated in this study that 36.4% of the patients whose maximum diameter
of HCC nodules was equal to or less than 2.0 cm (Barcelona stage 0) showed normal
levels of both AFP and PIVKA-II. In support of our results, it was reported that about
30% of HCC patients show false-negative results regarding tumor markers, especially
in its early stage[4-10]. Moreover, it was demonstrated that AFP has a sensitivity of about
68% in the diagnosis of HCC, but the sensitivity decreased to about 59% in its early
stage[11,12].
In recent years, Huang et al[13] demonstrated that PIVKA-II combined with AFP
showed a better diagnostic ability than AFP alone for HCC diagnosis. However, our
study confirmed the limitation in detecting HCC in patients with very small single
HCC nodules (≤ 2 cm) (Barcelona clinic liver cancer staging 0)[3,4], even in combination
with AFP and PIVKA-II.
WJH
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Table 2 Positive rates of alpha-fetoprotein and PIVKA-II in patients whose tumor size was ≤ 2 cm and those whose tumor size was more
than 2 cm
Maximum diameter of HCC nodules

AFP

PIVKA

≤ 2 cm, n = 394

> 2 cm, n = 539

(+)

195 (49.5%)

281 (52.1%)

(-)

199 (50.5%)

258 (47.9%)

(+)

123 (31.2%)

385 (71.4%)

(-)

271 (68.8%)

154 (28.6%)

P value1
0.4254

< 0.0001

1 2

χ tests. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.

Table 3 The rates of patients whose alpha-fetoprotein and PIVKA-II showed normal values in those whose maximum tumor size was ≤ 2
cm, n = 394 cases
HCC tumor marker

No. of cases (%)

AFP, normal cases

199 (50.5)

PIVKA-II, normal cases

271 (68.8)

Both AFP and PIVKA-II, normal cases

142 (36.4)

AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.

Table 4 Treatment methods of hepatocellular carcinoma patients
No of treated patients
Group

Therapy

≤ 2 cm, n = 394

> 2 cm, n = 539

Hepatectomy

45

110

RFA

223

107

TACE

56

136

TACE + RFA

6

32

TAI

2

10

Chemotherapy

9

21

BSC

10

60

Others

13

63

BSC: Best supportive care; RFA: Radiofrequency ablation; TACE: Transcatheter arterial chemoembolization; TAI: Transcatheter arterial infusion.

We demonstrated that more than a third of the patients with minute HCC nodules
(≤ 2 cm in diameter) were dropped from surveillance using the tumor markers AFP
and PIVKA-II alone. Based on the results, we must depend on imaging modalities
such as US or MRI (CT) for the surveillance of minute HCC.
Colli et al[14] conducted a systemic review on this issue and found that pooled
estimates of 14 US studies were 60.5% (95% confidence interval (CI): 44-76) for
sensitivity[13-29], and that nine MRI studies were 80.6% (95%CI: 70-91) for
sensitivity[27,30-37]. The difference in sensitivity between US and MRI may be due to the
fact that MRI is less influenced by the operator’s technique and patient's body type.
More recently, Kim et al[38] compared MRI and US in a cohort of 407 patients with
cirrhosis who underwent 1100 surveillance examinations and found that MRI had a
sensitivity of 83.7% (95%CI: 69.7%-92.2%) for early HCC detection, which was
significantly higher than US (25.6%, 95%CI: 14.8%-49.4%). Thus, we must follow-up
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Figure 1 Relationship between tumor size and PIVKA-II and alpha-fetoprotein positivity. AFP: Alpha-fetoprotein.

Figure 2 Correlation between tumor size and PIVKA-II levels.

patients with liver disease, especially liver cirrhosis, at regular intervals (at least every
6 mo) with MRI to detect very small HCC (diameter ≤ 2 cm).
Furthermore, we demonstrated that the PIVKA-II positive ratio was markedly
increased with an increase in tumor size. In support of this phenomenon, previous
studies established the correlation between the PIVKA-II level and tumor size[16], and
that PIVKA-II maintains the growth of HCC[17]. Moreover, Ma et al[18] reported direct
clinical evidence of the correlation between PIVKA-II and cell proliferation.

CONCLUSION
More than one third of the patients with very small HCC nodule (≤ 2 cm in diameter,
Barcelona stage 0) were dropped from the surveillance using the tumor markers AFP
and PIVKA-II. So, we must survey patients with liver diseases by MRI at regular
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Figure 3 Correlation between tumor size and alpha-fetoprotein levels. AFP: Alpha-fetoprotein.

intervals to detect very small HCC nodules.

ARTICLE HIGHLIGHTS
Research background
In hepatocellular carcinoma (HCC), detection and treatment prior to growth of 2 cm
are relevant as a larger tumor size is more frequently associated with microvascular
invasion and/or satellites. However, we often experience cases whose tumor size was
≤ 2 cm and who showed normal values in both AFP and PIVKA-II.

Research motivation
Previous reports concerning the tumor markers AFP or PIVKA-II in very small HCC
included relatively small number of cases, and a larger study is necessary in order to
elucidate the precise levels of these markers.

Research objectives
In the present study, we surveyed the levels of AFP and PIVKA-II in a large number of
very small HCC cases (≤ 2 cm in diameter, 394 cases).

Research methods
We analyzed 933 patients with single HCC nodules and surveyed the limitation of
these tumor markers in the surveillance of very small HCC (≤ 2 cm, Barcelona stage 0,
394 cases).

Research results
It was found in patients with very small HCC (≤ 2 cm in diameter) that AFP and
PIVKA-II levels were normal in 50.5% and 68.8%, respectively. Moreover, 36.4% of the
patients showed normal levels of both AFP and PIVKA-II. We examined the difference
in behavior of these tumor markers in relation to the size of HCC nodules and found
that PIVKA-II positive ratio was markedly increased with an increase in tumor size,
whereas the positivity in AFP was increased gradually and slowly.

Research conclusions
More than one third of the patients with very small HCC nodule (≤ 2 cm in diameter,
Barcelona stage 0) were dropped from the surveillance using the tumor markers AFP
and PIVKA-II.

WJH

https://www.wjgnet.com

1052

November 27, 2020

Volume 12

Issue 11

Tarao K et al. Impact of TM in small HCC

Research perspectives
We propose that for detecting very small HCC nodules, we must survey patients with
liver diseases by imaging modalities, especially by magnetic resonance imaging.
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Abstract
BACKGROUND
Portal hypertension is a major complication of cirrhosis that is associated with
significant morbidity and mortality. The present gold-standard method to risk
stratify and observe cirrhosis patients with portal hypertension is hepatic venous
pressure gradient measurement or esophagogastroduodenoscopy. However,
these methods are invasive, carry a risk of complications and are associated with
significant patient discomfort. Therefore, non-invasive splenic parameters are of
clinical interest as potential useful markers in determining the presence of portal
hypertension. However, diagnostic accuracy and reproducibility remains
unvalidated.
AIM
To assess the diagnostic accuracy of spleen stiffness, area and diameter in
predicting the presence of portal hypertension.
METHODS
Of 50 patients with varying liver disease pathologies were prospectively recruited
from the St. Mary’s Hospital Liver Unit in London; 25 with evidence of portal
hypertension and 25 with no evidence of portal hypertension. Liver stiffness,
spleen stiffness, spleen diameter and spleen area were measured using the Philips
Affiniti 70 elastography point quantification point shear wave elastography
system. The aspartate aminotransferase-to-platelet-ratio-index (APRI) score was
also calculated. Performance measures, univariate and multivariate logistic
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regression were used to evaluate demographic, clinical and elastography
variables. Interclass correlation coefficient was used to determine the
reproducibility of splenic area and diameter.
RESULTS
On univariate and individual performance, platelet count [area under the receiver
operating characteristic (AUROC) 0.846, P value < 0.001], spleen area (AUROC
0.828, P value = 0.002) and APRI score (AUROC 0.827, P value < 0.001) were the
most accurate variables in identifying the presence of portal hypertension. On
multivariate logistic regression models constructed, the combination of spleen
area greater than 57.90 cm2 and platelet count less than 126 × 109 had 63.2%
sensitivity and 100% specificity, 100% positive predictive value and 100% negative
predictive value. An alternative combination of spleen stiffness greater than 29.99
kPa and platelet count less than 126 × 109 had 88% sensitivity, 75% specificity,
78.6% positive predictive value and 85.7% negative predictive value. An interclass
correlation coefficient value of 0.98 (95%CI: 0.94-0.99, P value < 0.001) and 0.96
(95%CI: 0.91-0.99, P value < 0.001) were determined for inter-operator variability
for spleen area and diameter respectively.
CONCLUSION
Spleen area, spleen stiffness and platelet count may be useful markers to assess
the presence of portal hypertension in patients of various etiologies.
Key Words: Portal hypertension; Esophageal varices; Point shear wave elastography;
Spleen stiffness; Spleen area; Non-invasive
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Core Tip: Non-invasive splenic parameters are useful surrogate markers of portal
hypertension (PH). A combination of spleen diameter, spleen area, liver stiffness and
aspartate aminotransferase-to-platelet-ratio-index (APRI) score is able to predict the
presence of PH. The APRI score has a similar diagnostic accuracy to combination
index.
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INTRODUCTION
Portal hypertension (PH) is a major complication of cirrhosis[1]. Esophageal varices
(EV) are present in 40% of compensated advanced chronic liver disease (cACLD)
patients and in 70% of decompensated cirrhosis patients. Strategies to identify
individuals with clinically significant portal hypertension (CSPH) is vital to reduce
morbidity and mortality[2].
The hepatic venous pressure gradient measurement (HVPG) and esophagogastroduodenoscopy (EGD) form the backbone of diagnosis and surveillance of EV[3].
However, both methods are invasive and carry a risk of complications[1]. Therefore,
non-invasive and safe methods of diagnosis and surveillance of PH are of great clinical
interest.
Current guidelines propose that non-invasive methods of assessment of liver
fibrosis can predict the incidence of cirrhosis-induced PH manifestations[4]. The Baveno
VI guidelines suggest cirrhosis patients with a liver stiffness measurement < 20 kPa
and a platelet count > 150000/μL can avoid screening endoscopy[3]. Nevertheless,
while 20% of EGDs are spared, new algorithms are still required, as up to 40% of EGDs
continue unnecessarily[5].
Ultrasound elastography techniques are based on the principle that tissue elastic
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properties can be distorted using shear waves to measure stiffness. Spleen stiffness
measurements using ultrasound elastography have shown an association with CSPH
as the spleen undergoes parenchymal remodelling and fibrogenesis, due to blood
pooling in PH[5-7]. Interestingly, evidence on patients with chronic hepatitis C infection
also suggests that spleen stiffness is dependent on inflammation present in the liver
that directly contributes to the pathogenic mechanisms underlying PH[8,9].
Transient elastography (TE) is the most validated ultrasound elastography
technique and shows a sensitivity ≥ 90% in detecting patients with CSPH[6,10].
Nevertheless, limitations exist due to its lack of 2D imaging guidance and attenuation
of wave propagation in obesity and ascites[7].
Point shear wave elastography (p-SWE), often referred to as acoustic radiation force
impulse, overcomes these issues by providing integrated 2D-ultrasound imaging
which can be used in patients who are obese or have ascites[7]. Despite several metaanalyses on spleen stiffness measurements, it remains unclear whether TE or p-SWE
has greater diagnostic accuracy[11,12]. Furthermore, although it is well established that
spleen stiffness and combination variables such as liver stiffness-spleen diameter to
platelet ratio (LSPS) score are superior to liver stiffness for detection of EV[13], little is
known whether a combination of splenic parameters can improve diagnostic
accuracy[14]. Finally, although two main p-SWE techniques exist–the elastography point
quantification (ElastPQ®) and Virtual Touch Quantification (VTQ®)–fewer studies have
looked at the performance of ElastPQ due to its novelty.
We aimed to assess whether spleen stiffness measurement, spleen area and spleen
diameter can independently predict CSPH, or in combination with other biochemical
or elastography parameters; and assess reproducibility of splenic area and diameter
measurements.

MATERIALS AND METHODS
Study design
Patients with varying liver disease etiology were prospectively recruited as part of an
ongoing comparative imaging study (REC: 15/EE/0420). All subjects had evidence of
chronic liver disease (CLD), were over the age of 18 and provided informed consent.
Exclusion criteria included pregnancy, lack of liver disease pathology, transjugular
portosystemic shunt (TIPSS) insertion or presence of hepatocellular carcinoma (HCC).
The primary analyses were conducted after all patients were recruited. The patients
were divided into the following groups: Evidence of CSPH (group 1) and no evidence
of CSPH (group 2). CSPH was defined either as presence of EV or portal hypertensive
gastropathy (PHG) during an EGD or if patients had invasive procedures where the
HVPG pressure ≥ 10 mmHg. Ultrasound elastography measurements must have been
undertaken within a maximum of one year of EGD or HVPG measurements.

Ultrasound and elastography
All patients had to be fasted for up to 6h prior to scans. Participants were placed
supine with arms abducted away from the ultrasound probes. The Philips Affiniti 70
(ElastPQ) (Philips Medical Systems, Seattle, WA, United States) was used to record
liver stiffness measurement and spleen stiffness measurement for each patient. Ten
measurements were taken from the liver and ten measurements from the spleen. Liver
elastography measurements were taken from the right lobe of the liver 2.4 cm (± 1 cm)
from the liver capsule. Spleen elastography measurements were taken from the middle
aspect of the spleen with homogeneous elasticity with the exclusion of big vessels. The
median stiffness and IQR values were recorded. Spleen area and diameter were
calculated from 2D images obtained.
Clinical and biological parameters including body mass index (BMI), skin to liver
capsule distance, aspartate aminotransferase (AST), alanine aminotransferase (ALT), γglutamyl transpeptidase (GGT), alkaline phosphatase (ALP), platelet count,
prothrombin time, albumin, bilirubin and international normalized ratio (INR) were
obtained for all patients at time of recruitment. APRI score was calculated as: AST
(IU/L)/PLT (× 109/L)[15]. Parameters determining presence of PH such as HVPG
measurements or EGD findings were recorded. Cirrhosis was defined either by
histological findings at biopsy or if decompensation had occurred.

Spleen area and spleen diameter measurements
Spleen area and diameter measurements were calculated using maximum spleen
diameter and borders that included the splenic hilum in the transverse plane with the

WJH

https://www.wjgnet.com

1057

November 27, 2020

Volume 12

Issue 11

Ahmad AK et al. Non-invasive splenic parameters of portal hypertension

area (Figure 1). Measurements were repeated 4 mo later by two authors independently
using a random sample of 19 study patients to calculate inter-operator variabilities.

Statistical analyses
Descriptive statistics were carried out to compare groups 1 and 2. Ultrasound
measurements, BMI and laboratory results were analysed by univariate and
multivariate analyses. Correlations between variables were examined using Pearson’s
correlation coefficient and P values determined using ANOVA. A multivariate logistic
regression model was built using a stepwise selection to determine the association of
spleen area and platelet count and spleen stiffness and platelet count with the presence
of CSPH. It was ensured that the data fulfilled all necessary criteria prior to application
of the logistic regression analysis. Diagnostic accuracy was assessed using receiver
operating characteristic (ROC) curves. Youden’s index was used to determine the cutoff values for each parameter. P values for ROC curves were identified based on
Wilcoxon’s test. As subjects were random patients and operators were fixed, a oneway random interclass correlation coefficient (ICC) model on absolute agreement to
determine inter-operator variability for spleen area and diameter was carried out. P
values < 0.05 were considered statistically significant. All statistical analyses were
performed using SPSS version 24.0.

Ethics
This study was performed in accordance with the 1975 Declaration of Helsinki.
Written and informed consent was obtained from all patients.

RESULTS
Fifty four of 155 patients recruited had an EGD/HVPG measurement taken within one
year of ElastPQ measurements. Four patients were excluded as summarized in
Figure 2. A total of 50 patients (mean age 57.86, 62.0% male) were included in final
analysis: 25 with evidence of CSPH (group 1) (mean age 60.44, 60.0% male) and 25
with no evidence of CSPH (group 2) (mean age 55.28, 64.0% male). The median time
difference between ultrasound elastography measurements and EGD/HVPG was 4
mo.
Baseline clinical and biochemical characteristics for all patients included in
statistical analysis are summarized in Table 1. Patients with diagnosis of cirrhosis were
found in both groups n = 25 in group 1; n = 11 in group 2) with majority classified as
Child-Pugh A (n = 18, 36.0%). The most common primary etiology in group 1 was
alcoholic liver disease n = 7, 28.0%), while non-alcoholic fatty liver disease (n = 8,
32.0%) was more common in group 2.

Univariate analysis
We hypothesized that clinical parameters associated with CLD may predict the
presence of CSPH. The clinical parameters tested were BMI, ALT, AST, GGT, ALP,
bilirubin, platelet count, albumin, prothrombin time, APRI score, liver stiffness, spleen
stiffness, spleen area and spleen diameter. The univariate analysis showed that
bilirubin, platelet count, albumin, prothrombin time, APRI score, liver stiffness, spleen
area and diameter correlated with the presence of CSPH (Table 2). The best individual
predictor of CSPH was platelet count (AUROC 0.846, P value < 0.001), followed by
spleen area (AUROC 0.828, P value = 0.002) and APRI score (AUROC 0.827, P value <
0.001). No statistically significant discrimination was found between liver stiffness
measured by the ElastPQ and CSPH (AUROC 0.657, P value = 0.061).

Multivariate analysis
A multiple logistic regression model showed that two combinations independently
predict CSPH (Table 3). The combination with the greatest diagnostic accuracy
revealed that patients with a combination of spleen area > 57.9 cm2 and platelet count
< 126 × 109 produced an estimated area under receiver operating characteristic
(AUROC) curve of 0.876 (P value < 0.001), with sensitivity of 63.2%, specificity of
100%, positive predictive value (PPV) of 100% and a negative predictive value (NPV)
of 61.1%. An alternative combination of spleen stiffness > 29.99 kPa and platelet count
< 126 × 109 displayed a similar diagnostic accuracy with an estimated AUROC of 0.855
(P value < 0.001) and sensitivity of 88%, specificity of 75%, PPV of 78.6% and NPV of
85.7%. AUROC curves are displayed in Figure 3.
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Table 1 Baseline characteristics of the patient population
Mean (standard deviation) or n

Parameter

Groups 1 and 2 (n = 50)

Group 1 (n = 25)

Group 2 (n = 25)

Age

57.86 (12.22)

60.44 (9.89)

55.28 (13.90)

Sex (M:F)

31:19

15:10

16:9

BMI

29.42 (7.61)

28.59 (5.76)

30.31 (9.26)

Skin to liver capsule Distance (cm)

2.43 (0.99)

2.46 (1.01)

2.40 (0.99)

METAVIR score

3.13 (1.276)

3.74 (0.752)

2.52 (1.410)

ALD

12

7

5

NAFLD

12

4

8

ALD and NAFLD

4

3

1

HCV

2

2

0

AIH

3

0

3

Miscellaneous

17

9

9

Total bilirubin (μmol/L)

28.00 (44.728)

39.92 (60.139)

16.08 (13.108)

ALP (IU/L)

127.33 (66.902)

144.56 (75.900)

109.38 (51.679)

GGT (IU/L)

147.68 (192.683)

160.96 (166.671)

134.96 (217.570)

ALT (IU/L)

60.84 (12.219)

48.52 (29.427)

73.16 (83.490)

AST (IU/L)

62.50 (49.043)

64.88 (32.720)

60.12 (61.872)

Albumin (g/L)

34.10 (6.129)

30.88 (5.761)

37.32 (4.679)

Platelet count (× 109)

151.42 (73.016)

112.16 (60.023)

190.68 (63.804)

Prothrombin time (sec)

12.572 (1.9886)

13.470 (2.2077)

11.540 (1.0007)

INR

1.184 (0.1742)

1.260 (0.1871)

1.108 (0.1222)

EGD (PH present)

25

25

0

HVPG (PH present)

5

5

0

Group 1: Population with evidence of portal hypertension; Group 2: Population with no evidence of portal hypertension. BMI: Body mass index; ALD:
Aldosterone; NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; AIH: Autoimmune hepatitis; ALP: Alkaline phosphatase; GGT: γ-glutamyl
transpeptidase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio; EGD: Esophagogastroduodenoscopy; HVPG: Hepatic venous pressure gradient; PH: Portal hypertension.

Inter-observer variability for spleen area and spleen diameter measurements
An estimated single measures one-way random ICC for inter-operator variability for
splenic area generated a value of 0.98 (95%CI: 0.94-0.99, P value < 0.001). Similarly,
splenic diameter generated a value of 0.96 (95%CI: 0.91-0.99, P value < 0.001). Table 4
outlines the inter-operator ICC values for spleen area and diameter.

DISCUSSION
The present study aimed to assess the performance of non-invasive splenic parameters
using a new generation p-SWE machine–the ElastPQ–in identifying the presence of
CSPH. We demonstrated that spleen stiffness (AUROC 0.712), spleen area (AUROC
0.828) and splenic diameter (AUROC 0.804) may predict the presence of CSPH in
patients with mixed underlying etiologies. Adding platelet count to either spleen area
(AUROC 0.875) or spleen stiffness (AUROC 0.855) increased diagnostic accuracy.
Splenic area and diameter showed little inter-operator variability.
Our findings that spleen stiffness measured by p-SWE has a good diagnostic
accuracy (cut-off > 29.99, AUROC 0.712) in identifying patients with CSPH is
supported by other studies in the literature[16-18]. However, these studies report varying
diagnostic threshold values and performance (AUROC 0.970-0.688)[16-18]. Differences
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Table 2 Univariate analysis showing association of clinical parameters with clinically significant portal hypertension
Variable

Odds ratio

Cut-off

P value

Estimated AUROC curve

P value of AUROC

BMI

0.969

> 26.42

0.425

0.506

0.951

ALT (IU/L)

0.993

> 94.00

0.147

0.514

0.869

AST (IU/L)

1.002

> 64.00

0.728

0.652

0.065

GGT (IU/L)

1.001

> 85.00

0.639

0.643

0.094

ALP (IU/L)

1.001

> 96.00

0.050

0.678

0.033

a

Bilirubin

1.037

> 11.00

0.013

0.722

0.007b

Platelet count (× 109)

0.979

< 126.00

< 0.001c

0.846

< 0.001

Albumin (g/L)

0.786

< 33.00

< 0.001c

0.820

< 0.001c

Prothrombin time (sec)

2.721

> 12.20

< 0.001c

0.800

< 0.001c

APRI score

2.030

> 0.81

0.008b

0.827

< 0.001c

ElastPQ median liver stiffness
(kPa)

1.048

> 10.16

0.021a

0.657

0.061

ElastPQ median spleen stiffness
(kPa)

1.007

> 29.99

0.368

0.712

0.010b

ElastPQ spleen area (cm2)

1.075

> 57.90

< 0.001c

0.828

0.002c

ElastPQ spleen diameter (cm)

1.651

> 13.90

0.002c

0.804

0.007b

a

P < 0.05.
P < 0.01.
c
P < 0.005. AUROC: Area under the receiver operating characteristic; BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: γ-glutamyl transpeptidase; ALP: Alkaline phosphatase; APRI: AST-to-platelet-ratio-index; ElastPQ: Elastography point
quantification.
b

Table 3 Diagnostic performance of combination variables as predictors of clinically significant portal hypertension
AUROC
curve

Sensitivity
(%)

Specificity
(%)

Positive predictive
value (%)

Negative predictive
value (%)

ElastPQ median spleen area (> 57.90 cm2) and
Platelet count (< 126 × 109)

0.875

63.2

100.0

100.0

61.1

ElastPQ median spleen stiffness (> 29.99 kPa) and
platelet count (< 126 × 109)

0.855

88.0

75.00

78.6

85.7

Variables

AUROC: Area under the receiver operating characteristic; ElastPQ: Elastography point quantification.

Table 4 One-way random intraclass coefficient values for inter-operator variability
Spleen area

Spleen diameter

Number of operators

2

2

Number of measurements

19

19

Mean

0.98

0.96

95% confidence interval

0.94-0.99

0.91-0.99

between studies may be explained by varying methodologies employed, as well as use
of different p-SWE techniques. Nevertheless a recent study, which adopted a similar
methodology to our own, identified a cut off of < 31 kPa to rule out the presence of EV
of any grade which resonates with our findings[19].
Interestingly, our study did not identify liver stiffness as a predictor of CSPH, which
differs from findings of recent studies[16,18,20] and suggestions made by the Baveno VI
Guidelines[3]. But, contrasting findings are not uncommon, as differences between
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Figure 1 Spleen area and spleen diameter measurements using the elastography point quantification.

Figure 2 Flow chart displaying the selection of patients included in the final statistical analysis. EGD: Esophago-gastroduodenoscopy; HVPG:
Hepatic venous pressure gradient; ElastPQ: Elastography point quantification; HCC: Hepatocellular carcinoma; TIPS: Transjugular intrahepatic portosystemic shunt;
PH: Portal hypertension.

studies within the literature are also seen. A possible explanation for this may lie in the
heterogeneity of populations in our study and between studies in the literature.
Furthermore, studies comparing the ElastPQ technique to VTQ have shown
significantly lower liver stiffness values, which may provide an added explanation for
discrepancies seen[21]. Given the novelty of the ElastPQ, research focus has remained
on its ability to detect fibrosis in comparison to other elastography techniques such as
TE and VTQ[21-23]. As a result, there is limited data on the ability of ElastPQ to predict
the presence of CSPH.
Splenic area and diameter demonstrated a modest ability to diagnose the presence
of CSPH. Previous studies have explored spleen size by consideration of splenic
diameter[22], which has shown to have acceptable reproducibility in the context of
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Figure 3 Comparative area under the receiver operating characteristic curve analyses of combination variables in predicting the
presence or absence of clinically significant portal hypertension. A: Spleen area (> 57.90 kPa) and platelet count (< 126.0 × 109); B: Spleen stiffness (>
29.99 kPa) and platelet count (< 126.0 × 109). AUROC: Area under the receiver operating characteristic.

platelet count/spleen diameter ratio. However, to our knowledge, there has only been
one other study which has considered spleen area as a potential non-invasive
diagnostic parameter. In this study, Giuffrè et al[19] reported similar findings with a
median splenic area of 59.2 cm2 and diameter of 13.1 cm in its cohort of 210 patients[19].
Given the excellent reproducibility seen in our study and confirmation of similar
findings in one other study, spleen area may be a useful adjunct in predicting CSPH.
Further research with an external cohort is needed to validate our findings.
Perhaps one of the most striking results from our study is the diagnostic accuracy of
the APRI score. A cut-off value of > 0.81 generated an AUROC of 0.827 in predicting
the presence of CSPH. This was comparable to diagnostic performance of spleen
stiffness and spleen area. Nevertheless, these findings differ to those in the literature,
which has described lower sensitivities in higher cut-off values[24-26]. Only one study by
Salzl et al[16] demonstrated a similar diagnostic performance (AUROC 0.805), but the
cut-off value (1.90) remained higher than seen in our cohort[16]. Differences between
studies may be reflected by the smaller sample size and varied etiology within our
study population. Of note, the study by Giuffrè et al[19], which had a similar study
population, demonstrated APRI to be a statistically significant determinant of CSPH
with a similar median of 0.70[19]. Although highly applicable due to its non-invasive
nature, the APRI score is affected by inflammatory processes such as acute hepatitis,
which can generate false positive results that are not seen with p-SWE[4]. We propose
that the APRI score may be a useful tool in the follow-up of CLD patients in primary
care while p-SWE may fare better in secondary practice.
Since the introduction of liver stiffness measurements by TE, combinations of liver
stiffness with spleen size have been carried out. The most common of these is the LSPS
score[27-29]. However, despite spleen stiffness being increasingly recognized as a better
predictor of CSPH[13], few studies have been carried out combining spleen stiffness
measurements to other markers of CLD. Our study showed that the combination of
spleen stiffness measurements and platelet counts has a high diagnostic index
(AUROC 0.855). Although an exact model has not been replicated, a similar model
applying spleen stiffness measurements measured by TE and the Baveno guidelines VI
has shown promising results[30]. Colecchia et al[30] utilised a combined model where a
cut-off of ≤ 46 kPa for spleen stiffness and < 20 kPa for liver stiffness measurements by
TE, and a platelet count > 150000/mm3 could effectively rule out CSPH in cACLD
patients[30]. A different study by Bota et al[31] used a different combination index of liver
stiffness and spleen stiffness measured by VTQ, and presence of ascites which
generated an AUROC of 0.721[31]. Finally, Giuffrè et al[19] was perhaps the most
comparable of all the studies mentioned as his team used the ElastPQ model to
develop the spleen stiffness probability index[19]. All of the findings above support the
premise that a combination of non-invasive parameters may be a better diagnostic
indicator than a single parameter alone. No study in the literature has considered
addition of spleen area to combination variables. Further studies are needed to
validate our proposed spleen area and platelet count combination and determine
which set of non-invasive parameters generate the best accuracy.
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Strengths and limitations
Both the use of a novel p-SWE machine (ElastPQ) and investigation of spleen area
describe a unique approach in our study compared to others carried out in the field.
To our knowledge, this is one of the first studies to assess the role of spleen stiffness,
spleen area and splenic diameter measurements in predicting CSPH using the ElastPQ.
As a result, our study took into consideration inter-operator variability of splenic area
and diameter, which supported its potential use in clinical practice. The prospective
recruitment of patients with mixed etiologies described a population representative in
clinical practice, but in view of the novelty of p-SWE it would be worth determining
the effect of specific etiologies on splenic measurements.
This study has some limitations, the most pertinent of which being that we only
assessed for presence or absence of PH, rather than degree of PH. Furthermore, an
interval gap of one year between spleen stiffness measurements and EGD/HVPG
readings may represent a consistent bias within our study due to the considerable
length of time between readings. However, it could be argued that the correlation
between CSPH and spleen stiffness may be better if there were a shorter time interval
proposed. We did not exclude patients taking pharmacological treatment for PH from
the original protocol as it was suspected that non-selective beta blockers and banding
of varices would be unlikely to affect splenic measurements[32]. However, the most
recent data on cirrhotic patients with high risk varices suggests that taking nonselective beta blockers can affect splenic stiffness[33,34]. Nevertheless these studies were
undertaken using Fibroscan® and VTQ (Siemens Acuson S2000TM) ultrasound
systems and so, further information is still needed in order to confirm that similar
findings are present with the ElastPQ.
Although IQR measurements were taken, the validity of spleen stiffness and liver
stiffness could not be determined as quality criteria has not yet been established for
this technique[4]. However, Pawluś et al[35] conducted a small study in which he
measured the spleen stiffness of 59 healthy volunteers using p-SWE, which has
provided a reference point of 16.6 ± 2.5 kPa as the normal range with good
reproducibility of measurement results[35]. Given the similar methodologies, this has
supported our findings despite the small sample size in this study. Ultimately, further
studies are needed to validate our findings, but our multivariate models suggest that
findings are likely to correlate with CSPH in larger cohorts.

Clinical implications
p-SWE is a non-invasive, rapid tool that carries minimal complications. It is painless,
better tolerated than current gold-standard techniques and is more applicable than TE.
Furthermore, this technique can be implemented on regular ultrasound machines and
performed during routine screening for HCC in cirrhosis, which is likely to be costeffective and less time-consuming.

CONCLUSION
Combinations of spleen area and platelet count, or spleen stiffness and platelet count
as measured by the ElastPQ may be safe and effective methods to diagnose CSPH.
Currently, this non-invasive technique cannot replace gold-standard as further studies
are needed to create validation criteria and assess the diagnostic accuracy of noninvasive parameters in patients with differing degrees of PH.

ARTICLE HIGHLIGHTS
Research background
Portal hypertension is a major complication of cirrhosis with a significant morbidity
and mortality associated with it. Many of those with advanced chronic liver disease
have esophageal varices and so, many patients undergo the gold-standard invasive
procedures of performing an esophago-gastroduodenoscopy (EGD) or having the
hepatic venous pressure gradient measurement taken through interventional
radiology. However, both of these methods are invasive and carry a risk of
complications.
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Research motivation
Current guidelines propose that non-invasive methods can predict the incidence of
clinically significant portal hypertension (CSPH). The latest guidelines suggest
cirrhosis patients with a liver stiffness measurement < 20 kPa and a platelet count >
150000/μL can avoid screening endoscopy. Nevertheless, new algorithms are still
required, as up to 40% of EGDs continue unnecessarily.

Research objectives
The aim of this study was to assess whether spleen stiffness measurement, spleen area
and spleen diameter can independently predict CSPH, or in combination with other
biochemical or elastography parameters. We also aimed to assess reproducibility of
splenic area and diameter measurements.

Research methods
This was a single-centre prospective cohort study where a total of 50 patients were
split into two groups and included in a retrospective analysis: 25 with evidence of
CSPH (group 1) and 25 with no evidence of CSPH (group 2). The Philips EPIQ7
[elastography point quantification (ElastPQ)] (Philips Medical Systems, Seattle, United
States) was used to record liver stiffness, spleen stiffness, spleen area and spleen
diameter measurements for each patient. Univariate, multivariate and one-way
random interclass correlation coefficient analyses were performed to assess the
diagnostic accuracy of splenic parameters.

Research results
Body mass index, alanine aminotransferase, aspartate aminotransferase, γ-glutamyl
transpeptidase, alkaline phosphatase, bilirubin, platelet count, albumin, prothrombin
time, aspartate aminotransferase-to-platelet-ratio-index (APRI) score, liver stiffness,
spleen stiffness, spleen area and spleen diameter were assessed in their ability to
predict the presence of CSPH. A univariate analysis showed the best individual
predictor of CSPH was platelet count [area under the receiver operating characteristic
(AUROC) 0.846, P value < 0.001], followed by spleen area (AUROC 0.828, P value =
0.002) and APRI score (AUROC 0.827, P value < 0.001). A multiple logistic regression
model revealed that two combinations independently predict CSPH. The combination
with the greatest diagnostic accuracy included a combination of spleen area > 57.9 cm2
and platelet count < 126 × 109 which had 63.2% sensitivity, 100% specificity, 100%
positive predictive value (PPV), 61.1% negative predictive value (NPV) (AUROC 0.876,
P value < 0.001). An alternative combination of spleen stiffness >29.99 kPa and platelet
count < 126 × 109 displayed a similar diagnostic accuracy with 88% sensitivity, 75%
specificity, 78.6% PPV, 85.7% NPV (AUROC 0.855, P value < 0.001). Spleen area and
spleen diameter demonstrated little inter-operator variability as measured by a oneway random interclass correlation coefficient (spleen area: 0.98, P value < 0.001; spleen
diameter: 0.96, P value < 0.001).

Research conclusions
Combinations of spleen area and platelet count, or spleen stiffness and platelet count
as measured by the ElastPQ may be safe and effective methods to diagnose CSPH. At
present this cannot replace the gold standard.

Research perspectives
Performing large scale prospective studies with long-term follow-up and are needed to
validate our findings.
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Abstract
BACKGROUND
Gastric antral vascular ectasia (GAVE) is a significant complication of
cirrhosis. Numerous medical, surgical, and endoscopic treatment modalities have
been proposed with varied satisfactory results. In a few small studies, GAVE and
associated anemia have resolved after orthotopic liver transplantation (OLT).
AIM
To assess the impact of OLT on the resolution of GAVE and related anemia.

Patients were not required to give
informed consent to the study
because the analysis used
anonymous clinical data that were
obtained after each patient agreed
to treatment by written consent.

METHODS
We retrospectively reviewed clinical records of adult patients with GAVE who
underwent OLT between September 2012 and September 2019. Demographics and
other relevant clinical findings were collected, including hemoglobin levels and
upper endoscopy findings before and after OLT. The primary outcome was the
resolution of GAVE and its related anemia after OLT.
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RESULTS
Sixteen patients were identified. Mean pre-OLT Hgb was 7.7 g/dL and mean 12
mo post-OLT Hgb was 11.9 g/dL, (P = 0.001). Anemia improved (defined as Hgb
increased by 2g) in 87.5% of patients within 6 to 12 mo after OLT and resolved
completely in half of the patients. Post-OLT esophagogastroduodenoscopy was
performed in 10 patients, and GAVE was found to have resolved entirely in 6 of
those patients (60%).
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Although GAVE and associated anemia completely resolved in the majority of
our patients after OLT, GAVE persisted in a few patients after transplant. Further
studies in a large group of patients are necessary to understand the causality of
disease and to better understand the factors associated with the persistence of
GAVE post-transplant.
Key Words: Liver cirrhosis; Iron deficiency anemia; End-stage liver disease; Gastroscopy;
Gastrointestinal hemorrhage; Liver transplantation
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Core Tip: In this retrospective study, cirrhotic patients who had gastric antral vascular
ectasia (GAVE) with anemia and underwent orthotopic liver transplant (OLT) between
September 2012 and September 2019 were reviewed to evaluate the impact of OLT on
resolution of GAVE and associated anemia. A total of 296 patients underwent OLT
during the study period; sixteen patients had GAVE. Anemia improved in the majority
of patients in 6 to 12 mo post-OLT, and of the 10 patients who had a post-OLT
esophagogastroduodenoscopy, GAVE was found to have completely resolved in 6 of
those patients. We concluded that GAVE and associated anemia completely resolved in
the majority of our patients post-OLT.
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INTRODUCTION
Gastric antral vascular ectasia (GAVE) is frequently found in patients with cirrhosis.
The estimated prevalence in cirrhotic patients with upper gastrointestinal (GI)
bleeding is around 6%, and in cirrhotic patients without apparent upper GI bleeding is
about 12%[1]. Another study found that GAVE was present in 1 in 40 of cirrhotic
patients who underwent screening esophagogastroduodenoscopy (EGD) during liver
transplant evaluation[2]. The clinical presentation extends from occult hemorrhage to
transfusion-dependent chronic iron deficiency anemia.
Diagnosed endoscopically, GAVE lesions are located primarily in the antrum of the
stomach[3] and appear as red spots that are either organized in stripes that project
radially from the pylorus (“watermelon stomach”) [4,5], or organized in a diffuse
punctate (“honeycomb”) pattern[6]. The exact etiology of GAVE remains unclear,
although several hypotheses have been proposed, including mechanical stress,
hemodynamic alterations, and humoral and autoimmune factors[7-9]. Numerous
medical, surgical, and endoscopic treatment modalities such as endoscopic band
ligation, endoscopic thermal therapy with argon plasma coagulation (APC), and
radiofrequency ablation have been proposed with varying satisfactory results[10-15]. In a
few small studies, GAVE and associated anemia have resolved after orthotopic liver
transplantation (OLT)[2,16,17].
The aim of this study was to further investigate the influence of OLT on the
resolution of GAVE and associated anemia.

MATERIALS AND METHODS
A retrospective chart review was conducted of all adult patients with diagnosis of
cirrhosis and GAVE who underwent OLT at the University of Kentucky Medical
Center (UKMC) between September 2012 and September 2019. Patient demographics;
body mass index (BMI); co-morbidities; Model of End-stage Liver Disease-sodium
(MELD-Na) score at the time of GAVE diagnosis; etiology of cirrhosis; use of proton
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pump inhibitors (PPI); GAVE presentation; type of endoscopic treatment utilized;
lowest hemoglobin (Hgb) pre-OLT; hemoglobin at 3 mo, 6 mo, 9 mo, and 12 mo postOLT; and post-OLT EGD findings were collected.
All the data mentioned above were collected from the patient's electronic medical
records and stored in a password-protected excel sheet for analysis. The diagnosis of
GAVE was obtained from the endoscopy reports. A single endoscopist/hepatologist
independently reviewed all endoscopic images to confirm report findings. The
primary outcome was the resolution of GAVE and associated anemia post-OLT.
This study was approved by the UKMC Institutional Review Board. No organs from
executed prisoners were used.

RESULTS
Of 296 patients who underwent OLT during the study period, 16 (5.4%) had diagnosis
of GAVE.
The individual patient cases are summarized in Table 1. All Caucasians, with the
majority being female (62.5%) with a mean age of 56.5 years and mean BMI of 31.6.
The average MELD-Na score at the time of GAVE diagnosis was 20.4. The most
common etiology of cirrhosis was Non-alcoholic steatohepatitis (NASH, 44%).
Twelve patients (75%) had concomitant portal hypertensive gastropathy, and 13
(81%) had chronic kidney disease (defined as a GFR < 60 mL/min/1.73 m2 for > 3 mo).
Thirteen patients (81%) were on a PPI. All patients presented with anemia, with 50%
have at least one episode of overt bleeding requiring a blood transfusion prior to
transplant. Five of those without overt bleed had iron deficiency anemia. Half of the
patients were treated endoscopically, with APC being the most common treatment
(31%), and 25 % of patients underwent banding.
The pattern of GAVE varied in our patient cohort: Six patients had diffuse punctate
GAVE (Figure 1), five patients had linear/striped pattern (Figure 2), two had patchy
mild punctate GAVE, two patients had nodular polypoid GAVE characterized by
polypoid lesions with exudate (Figure 3), and one had nodular striped GAVE
(Figure 4). The patterns evolved in two patients, with the initial EGD showing a linear
pattern and subsequent EGD showing a nodular/polypoid GAVE.
Mean pre-OLT Hgb was 7.7 g/dL compared to 11.9 g/dL at 12 mo post-OLT (P =
0.001). Anemia improved in 87.5 % (defined as Hgb increase by 2g) of patients (n = 14)
& resolved entirely in 50 % of patients within 6 to 12 mo after OLT.
Only two patients required blood transfusion after three months post-transplant.
One patient was five months, and the other patient was three years post-OLT;
however, neither had evidence of bleeding.
Post-OLT EGD was performed in 10 patients. The mean time between OLT and
post-OLT EGD was 27.9 mo. Among the 10 patients who underwent post-OLT EGD,
GAVE was found to have resolved entirely in six patients (60%).
It is unclear why GAVE persisted in four out of ten patients who underwent postOLT EGD. The first patient had psoriatic arthropathy. The second patient had GAVE
sixteen years after transplant and had underlying polycythemia vera and chronic
splenic thrombosis post-transplant with varices. The third patient had recurrent
biopsy-proven cirrhosis. The fourth patient had persistent nodular GAVE, which
required two endoscopic band ligations at two and ten weeks post-OLT with an
endoscopic resolution of GAVE and associated anemia at six months post-OLT. The
pattern of post-transplant GAVE varied in these four patients. Two patients had
polypoid GAVE, one patient had linear GAVE, which later evolved into polypoid
GAVE, and one patient had patchy mild punctate GAVE.

DISCUSSION
Gastric antral vascular ectasia is a common finding in patients with cirrhosis and often
presents as chronic anemia. The endoscopic pathognomonic feature of GAVE is
columns of red tortuous ectatic vessels along the folds of the antrum[18]. Histologically,
GAVE is characterized by mucosal vascular ectasia, spindle cell proliferation,
fibrohyalinosis, and fibrin thrombi[19]. It is a disease with focal distribution[20].
Therefore, a negative biopsy does not rule out GAVE[20].
Although GAVE has been historically described as a "watermelon stomach," the
diffuse pattern of GAVE endoscopically was found to be more frequent in cirrhotic
patients in one study[5]. In contrast, the classic watermelon form was found to be more
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Table 1 Clinical characteristics of patients with gastric antral vascular ectasia who underwent orthotopic liver transplantation
Patient
No.

Age

Gender

BMI

Etiology of
liver disease

MELD-Na score Pre-OLT
at GAVE
Hgb
diagnosis
(g/dL)

GAVE pattern

Endoscopic
therapy

Resolution of
GAVE postOLT

1

66

F

33.7

NASH

26

8

Diffuse punctate GAVE

APC

Yes

2

55

F

28

cryptogenic

15

8.7

Pre-OLT: Striped
GAVEPost-OLT: Nodular
polypoid GAVE with
exudate

None

No

3

50

M

42.7

NASH

32

7

Linear/striped GAVE

APC

Yes

4

57

F

32.9

cryptogenic

13

7.2

Striped and nodular GAVE Banding

Yes

5

59

F

35.7

NASH

14

6.7

Pre and post-OLT:
Nodular polypoid GAVE
with exudate

Banding

No

6

51

M

23

Alcohol

30

7.1

Diffuse punctate GAVE

APC

Yes

7

51

M

27

NASH

23

7.2

Diffuse punctate GAVE

APC

Yes

8

57

F

22

Alcohol

23

7.5

Diffuse punctate GAVE

None

Yes

9

59

F

32.6

NASH

31

7.7

Diffuse punctate GAVE

Banding

Yes

10

40

M

36.6

Alcohol, HCV

Post-OLT
diagnosis

6.9

Post-OLT: Linear striped;
then polypoid GAVE

None

No

11

55

M

30.8

PSC

13

8.8

Nodular polypoid GAVE
with exudate

None

Yes

12

58

M

17.8

Alcohol

12

7.3

Diffuse punctate GAVE

None

Yes

13

62

F

47.6

HCV

30

7.6

Linear/striped GAVE

None

Yes

14

57

F

25.5

Budd Chiari
syndrome

Post-OLT
diagnosis

Post-OLT: Patchy mild
punctate GAVE

None

No

15

67

F

35.5

NASH

15

9.6

Patchy mild punctate
GAVE

None

Yes

16

60

F

32.5

NASH

8

7.5

Linear/striped GAVE

APC

Yes

APC: Argon Plasma Coagulation; BMI: Body mass index; F: Female; GAVE: Gastric antral vascular ectasia; HCV: Hepatitis C virus; Hgb: Hemoglobin; M:
Male; MELD-Na: Model for End-Stage Liver Disease- Sodium level; NASH: Non-alcoholic Steatohepatitis; OLT: Orthotopic liver transplantation; PSC:
Primary sclerosing cholangitis.

Figure 1 Endoscopic image showing a diffuse punctate pattern of gastric antral vascular ectasia.

common in non-cirrhotic patients[21]. In our cohort, 50% of patients were found to have
diffuse punctate GAVE, 31% had a linear/striped pattern, and 19% with nodular type.
The gender distribution in our study seems to be similar to other studies. In our study,
the cirrhotic GAVE patients were predominately female (62.5%) with a mean age of
56.2 years. Other studies have shown a female predominance (71%) of GAVE in
cirrhotic patients with a mean age of 73 years, and a male predominance (75%) in non-
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Figure 2 Endoscopic image showing a linear and striped pattern of gastric antral vascular ectasia.

Figure 3 Endoscopic image showing a nodular polypoid pattern of gastric antral vascular ectasia.

Figure 4 Endoscopic image showing a nodular and striped pattern of gastric antral vascular ectasia.

cirrhotic GAVE patients, with a mean age of 65 years[22,23].
The exact pathophysiological mechanism that leads to GAVE remains unclear. It is
highly essential to differentiate GAVE from portal hypertensive gastropathy (PHG)
because they are treated differently. PHG mainly causes mucosal changes in the
fundus and corpus[20], whereas GAVE is limited to antrum[18]. It is possible that portal
hypertension has no significant role in the development of GAVE for several reasons,
such as absence of correlation between the severity of portal hypertension and degree
of vascular ectasia[6], and non-resolution of GAVE after reduction in portal
pressure[23,24]. Quintero et al[6] linked low levels of pepsinogen, high levels of gastrin,
and achlorhydria, with GAVE, and other studies have reported improvement in GAVE
and reduction in gastrin levels after cessation of proton pump inhibitor[25]. In our
study, 13 patients (81%) were taking proton pump inhibitors before and after OLT.
Prostaglandin E2 has a gastric vasodilator effect and has been considered to play a role
in the development of GAVE[8]. Another study by Lowes et al[7] found a proliferation of
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neuroendocrine cells that secretes 5-hydroxytryptamine and vasoactive peptide close
to the ectatic blood vessels. Mechanical stress theory has been suggested by Charneua
et al[9] to be playing a role in cirrhotic GAVE patients after they found abnormal
motility patterns on antral motility studies. In non-cirrhotic GAVE patients, many
other medical conditions have been described, such as autoimmune disease, acute
myeloid leukemia, hypertension, chronic renal failure, ischemic heart disease, bone
marrow transplantation, scleroderma, and familial Mediterranean fever[22,26-28]. The
most frequent associated autoimmune conditions are connective tissue diseases
followed by Raynaud’s phenomenon and sclerodactyly[22].
Bleeding GAVE can be very problematic and challenging to manage. Several
endoscopic interventions and medications are available[10-15]. In three previous small
studies, GAVE and associated anemia resolved after liver transplantation[2,16,17].
Reduction in portal hypertension via medical use of beta-blockers or transjugular
intrahepatic portosystemic shunt (TIPS) placement has failed to accomplish resolution
of GAVE or associated anemia in cirrhotic patients with portal hypertension[23,24]. None
of our patients had TIPS before the diagnosis of GAVE. One patient had TIPS a month
just before the transplant, and TIPS was done eighteen months after diagnosis of
GAVE for refractory ascites. Before the transplant, eight of our patients underwent
endoscopic treatment with APC as the most commonly used method. None of our
patients received medical treatment, such as Tranexamic acid.
Our study further supports that GAVE in cirrhotic patients may resolve after OLT.
Six out of ten patients who underwent post-OLT EGD have complete resolution of
GAVE. The potential explanations for persistent GAVE among the other four patients
include an underlying rheumatologic condition which can also cause non-cirrhotic
GAVE in the first patient, underlying chronic splenic vein thrombosis in the second
patient, recurrent cirrhosis in the third patient, and delayed resolution of GAVE after
transplant since GAVE was seen fairly recently post-transplant, noted at two and ten
weeks post-transplant with the resolution of anemia in the fourth patient.
The associated anemia entirely resolved in half of our patients and improved in
87.5% of patients six to twelve months after OLT. Anemia is common in cirrhotic
patients; however, it is usually complex, and may be influenced by several factors,
including etiology of cirrhosis and degree of portal hypertension[29,30]. Portal
hypertension and hypersplenism can be contributing factors to anemia in cirrhosis;
however, the magnitude of the effect is unclear[31,32]. Furthermore, Vincent et al[17]
reported resolution of GAVE and anemia in 2 patients post OLT even with persistent
evidence of portal hypertension.
One would speculate that the associated resolution of liver dysfunction would lead
to the resolution of GAVE after transplant. GAVE was frequently found in patients
with more advanced liver disease and has been reported to resolve after liver
transplantation[2,16,17]. In our cohort at the time of GAVE diagnosis, the mean MELDNA score was 20.4.
The limitations of the current study include retrospective design with a small
sample size. EGDs were also performed by several different endoscopists performed
EGDs; however, we attempted to control for this by having one endoscopist/
hepatologist review all endoscopic images. Also, only 10 patients had undergone EGD
post-OLT. The patients were not treated with the same endoscopic modality, and there
was no established endoscopic protocol to eradicate GAVE. Indeed, there is usually no
standard treatment modality since the type of endoscopic treatment will depend on
the pattern of GAVE and previous endoscopic therapies, with the preferable use of
banding for most patients with nodular GAVE and APC in all other patterns of GAVE
(linear and punctate GAVE). Not all patients in our cohort had histologic confirmation
of GAVE, and this could raise the possibility of overlap between GAVE and PHG.
Despite these limitations, this study offers the largest number of patients with GAVE
who underwent liver transplantation, and our findings corroborate those from
previous studies showing that GAVE and associated anemia resolve in the majority of
patients who underwent liver transplantation. It also further explored the possible
underlying mechanisms for persistent GAVE after OLT in four out of ten patients who
had post-OLT EGD.

CONCLUSION
GAVE is a significant cause of morbidity and mortality in patients with cirrhosis.
Although GAVE and associated anemia completely resolved in the majority of our
patients after liver transplantation, GAVE persisted in a few patients post-OLT. Large,
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prospective studies using consistent diagnostic criteria for GAVE and planned followup EGDs after OLT are needed to better understand the factors may contribute to
persistence of GAVE post-transplant.

ARTICLE HIGHLIGHTS
Research background
Gastric antral vascular ectasia (GAVE) is a well-recognized cause of gastrointestinal
bleeding in cirrhotic patients. The etiology of GAVE remains unclear, although several
humoral, autoimmune, mechanical stress, and pharmacological (proton pump
inhibitor use) hypotheses have been described. Different treatment modalities have
been proposed with varying results. Orthotopic liver transplantation (OLT), which is
often recommended for patients with significant complications due to end-stage liver
disease, has also been shown to be beneficial treatment for resolution of GAVE and
associated anemia in a few small studies.

Research motivation
To evaluate the relation between GAVE and associated anemia and OLT.

Research objectives
To assess the impact of OLT on resolution of the natural course of GAVE and
associated anemia.

Research methods
A retrospective chart review was conducted of adult patient with GAVE who
underwent liver transplant between September 2012 and September 2019.
Demographics and other relevant findings, including hemoglobin levels, Model of
End-stage Liver Disease-sodium score, GAVE presentation, and upper endoscopy
findings before and after OLT were collected.

Research results
Sixteen patients were identified, all Caucasians and predominantly female (62.5%)
with a mean age of 56.5 years. The most common etiology for cirrhosis was NASH
(44%). All patients presented with anemia, with 50% presenting with overt bleed and
required transfusions prior to transplant. Mean pre-OLT Hgb was 7.7, and the mean 12
mo post-OLT Hgb was 11.9 (P = 0.001). Anemia improved in 87.5% of patients (n = 14)
within 6 to 12 mo after OLT and resolved completely in half of the patients. Post-OLT
esophagogastroduodenoscopy was performed in 10 patients, and GAVE resolved
entirely in 6 of those patients (60%).

Research conclusions
Although GAVE and associated anemia completely resolved in the majority of our
patients after liver transplantation, GAVE persisted in a few patients after transplant.

Research perspectives
Large prospective studies are needed to better understand what factors may contribute
to persistent GAVE post-liver transplant.
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Abstract
BACKGROUND
Hepatitis B e antigen-negative chronic hepatitis B patients under nucleos(t)ids
analogues (NAs) rarely achieve hepatitis B surface antigen (HBsAg) loss.
AIM
To evaluate if the addition of pegylated interferon (Peg-IFN) could decrease
HBsAg and hepatitis B core-related antigen (HBcrAg) levels and increase HBsAg
loss rate in patients under NAs therapy.
METHODS
Prospective, non-randomized, open-label trial evaluating the combination of PegIFN 180 µg/week plus NAs during forty-eight weeks vs NAs in monotherapy.
Hepatitis B e antigen-negative non-cirrhotic chronic hepatitis B patients of a
tertiary hospital, under NAs therapy for at least 2 years and with undetectable
viral load, were eligible. Patients with hepatitis C virus, hepatitis D virus or
human immunodeficiency virus co-infection and liver transplanted patients were
excluded. HBsAg and HBcrAg levels (log10 U/mL) were measured at baseline
and during ninety-six weeks. HBsAg loss rate was evaluated in both groups.

https://www.wjgnet.com

1076

November 27, 2020

Volume 12

Issue 11

Broquetas T et al. HBsAg kinetics after adding pegylated-interferon

reviewed and approved by the
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Adverse events were recorded in both groups. The kinetic of HBsAg for each
treatment group was evaluated from baseline to weeks 24 and 48 by the slope of
the HBsAg decline (log10 IU/mL/week) using a linear regression model.
RESULTS
Sixty-five patients were enrolled, 61% receiving tenofovir and 33% entecavir.
Thirty-six (55%) were included in Peg-IFN-NA group and 29 (44%) in NA group.
After matching by age and treatment duration, baseline HBsAg levels were
comparable between groups (3.1 vs 3.2) (P = 0.25). HBsAg levels at weeks 24, 48
and 96 declined in Peg-IFN-NA group (-0.26, -0.40 and -0.44) and remained stable
in NA group (-0.10, -0.10 and -0.10) (P < 0.05). The slope of HBsAg decline in PegIFN-NA group (-0.02) was higher than in NA group (-0.00) (P = 0.015). HBcrAg
levels did not change. Eight (22%) patients discontinued Peg-IFN due to adverse
events. The HBsAg loss was achieved in 3 (8.3%) patients of the Peg-IFN-NA
group and 0 (0%) of the NA group.
CONCLUSION
The addition of Peg-IFN to NAs caused a greater and faster decrease of HBsAg
levels compared to NA therapy. Side effects of Peg-IFN can limit its use in clinical
practice.

Conflict-of-interest statement:
Authors declare no conflict-ofinterest.

Data sharing statement: No
additional data are available.

CONSORT 2010 statement: The
authors have read the CONSORT
2010 Statement, and the
manuscript was prepared and
revised according to the
CONSORT 2010 Statement.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (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: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin: Spain
Peer-review report’s scientific
quality classification
Grade A (Excellent): 0

WJH

Key Words: Chronic hepatitis B; Hepatitis B e antigen-negative; Hepatitis B surface
antigen; Hepatitis B core-related antigen; Pegylated-interferon; Nucleos(t)ids analogues
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The functional cure of chronic hepatitis B defined as the loss of the hepatitis
B surface antigen is the optimal end-point with the currently available therapies.
However, it is rarely achieved in hepatitis B e antigen-negative chronic hepatitis B
patients under nucleos(t)ids analogues (NAs). In the present study, we report that the
addition of pegylated interferon (Peg-IFN) to NAs during forty-eight weeks caused a
greater and faster decrease of hepatitis B surface antigen levels compared to NA
monotherapy. No changes in hepatitis B core-related antigen were observed. However,
the low applicability and poor tolerance of Peg-IFN make difficult its use in clinical
practice.

Citation: Broquetas T, Garcia-Retortillo M, Micó M, Canillas L, Puigvehí M, Cañete N, Coll S,
Viu A, Hernandez JJ, Bessa X, Carrión JA. Hepatitis B surface antigen and hepatitis B corerelated antigen kinetics after adding pegylated-interferon to nucleos(t)ids analogues in hepatitis
B e antigen-negative patients. World J Hepatol 2020; 12(11): 1076-1088
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1076.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1076

INTRODUCTION
Chronic hepatitis B (CHB) affects around 240 million people worldwide[1]. Hepatitis B
virus (HBV) cannot be completely eradicated with the available therapies due to the
presence of covalently closed circular DNA (cccDNA) in the nuclei of infected
hepatocytes[2]. Hepatitis B surface antigen (HBsAg) loss is the optimal treatment
endpoint, representing a functional cure of CHB and improving long-term outcome[3].
Although liver biopsy for the quantification of intrahepatic cccDNA and
intrahepatic HBV DNA remains the most accurate measurement for viral reservoir, it
is limited by its invasive nature and the potential for sampling error. Therefore,
noninvasive serological tests are necessary as surrogate markers of intrahepatic viral
replicative activity. Serum HBsAg is the glycosylated envelope protein of the mature
HBV, which is produced by transcription and translation of the surface genes[4]. On the
other hand, the hepatitis B core-related antigen (HBcrAg) combines the antigenic
reactivity resulting from denatured hepatitis B e antigen (HBeAg), HBV core antigen
and a core-related protein (p22cr), all products of the precore/core gene share an
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identical 149 amino acid sequence[5].
Currently, there are two strategies to treat HBeAg-negative CHB patients, a finite
course with pegylated interferon (Peg-IFN) or a long-term therapy with nucleos(t)ids
analogues (NAs). Entecavir or tenofovir monotherapy have been shown to achieve the
virological response in almost all adherent patients[6]. However, the reduction of
HBsAg levels in HBeAg-negative CHB patients under NAs is very slow (-0.1 log
IU/mL/yr)[7,8] with HBsAg loss rates < 1% after five years of NAs therapy[7,9] compared
to 4% after 48 wk of Peg-IFN[10]. Moreover, it has been suggested that interleukin 28B
(IL28B) rs12979860 polymorphism CC could confer a better probability of response to
Peg-IFN in HBeAg-negative CHB patients infected by genotype D[11]. On the other
hand, differences in Peg-IFN response rates have been demonstrated according to
HBV genotype especially in HBeAg-positive patients[12]. Despite NAs are the most
used therapy in HBeAg-negative CHB patients because of its safety, long term therapy
is needed. In contrast, the addition of the immunomodulatory effect of Peg-IFN could
improve HBsAg loss rates[10,13]. However, this strategy has been mostly evaluated in
naïve treatment or HBeAg-positive patients being the information about pre-treatment
predictors and the kinetics of serological markers (HBsAg and HBcrAg) scarce during
the add-on strategy in HBeAg-negative patients.
In the present study, we have prospectively evaluated the levels of HBsAg and
HBcrAg in HBeAg-negative non-cirrhotic CHB patients receiving NAs after the
addition of Peg-IFN during forty-eight weeks. The primary aim was to compare the
HBsAg and HBcrAg kinetics in both treatment strategies (NA group vs Peg-IFN-NA
group). The secondary aim was to evaluate the proportion of HBsAg loss at week 96.

MATERIALS AND METHODS
Patients and study design
This is a single center, prospective, non-randomized, open-label trial including
HBeAg-negative non-cirrhotic CHB patients, receiving NAs for at least 2 years.
Recruitment period was from August 2014 to February 2016 in a tertiary center
(Hospital del Mar, Barcelona, Spain). Patients were eligible if they received a stable
NAs dose with virological response (undetectable HBV-DNA viral load during the last
twelve months). Exclusion criteria were as follows: Patients with a previous Peg-IFN
treatment, NA treatment for HBV reactivation prophylaxis, patients with human
immunodeficiency virus, hepatitis D virus or hepatitis C virus co-infection, and liver
transplanted patients. All patients provided written informed consent.
Patients with any malignancy in the last 5 years, those with psychiatric, thyroid or
autoimmune disorders, and non-liver transplanted patients were only eligible for NAs
monotherapy. Peg-IFN alpha-2a was offered to be added in all eligible patients. Those
who accepted it, received 180 µg/week during forty-eight weeks (Peg-IFN-NA group)
and all the other participants remained in NAs monotherapy (NA group). At week 48
all the patients continued with NAs in monotherapy and were followed up until week
96 or loss of follow-up. Protocol visits were at weeks 0, 12, 24, 48, 72 and 96. Figure 1
shows the flowchart of patients and study design.
The study protocol was approved by the Ethical Committee of our Institution
“Comitè Ètic d’Investigació Clínica-Parc de Salut Mar”, study reference 2014/5787/I,
in accordance with the ethical guidelines of the 1975 Declaration of Helsinki.

Clinical variables and definitions
Demographic data, liver stiffness measurement (LSM) and polymorphism rs12979860
of IL28B were assessed at baseline. HBV-genotype was collected from electronic data
as it had been performed prior to the initiation of NAs therapy. The levels of HBVDNA, HBsAg and HBcrAg were analyzed at weeks 0, 24, 48, 96. Adverse events were
recorded at each protocol visit, following the Common Terminology Criteria for
Adverse Events. All the data were collected and tabulated in a database with an access
code to ensure patient confidentiality.
LSM was performed at baseline by a single experienced operator (> 5000
examinations), using the FibroScan® 502 Touch (FibroScan® EchosensTM, Paris, France)
following the manufacturer’s recommendations as previously described[14]. Liver
fibrosis was categorized according to previously published cut-offs for LSM
considering significant fibrosis for LSM > 7.2 kPa. Patients with LSM > 12 kPa were
considered as having cirrhosis and were excluded[15].
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Figure 1 Flowchart of patients and study design. HBeAg: Hepatitis B e antigen; CHB: Chronic hepatitis B; Peg-IFN: Pegylated interferon; NAs:
Nucleos(t)ids analogues.

Virological markers
HBV DNA was measured by polymerase chain reaction with a limit of quantification
of 10 IU/mL (ABBOTT RealTime HBV m2000®, Abbott Molecular Inc., IL, United
States). Serum HBsAg was quantified by Electro-chemiluminescence immunoassay
Elecsys® HBsAgII QuantII (Roche Diagnostic, Rotkreuz, Switzerland) according to the
manufacturer’s instructions. The assay ranged from 0.05 to 117000 IU/mL. In highly
concentrated samples above the upper limit, the value of manual dilution was
multiplied by the dilution factor. Serum HBcrAg was measured using a quantitative
fully automated chemiluminiscent enzyme immunoassay (LUMIPULSE®, Fujirebio
Europe, Belgium).
The monoclonal antibodies used in this two-step immunoassay measure
simultaneously denatured HBeAg, HBV core antigen and the precore protein p22cr
(aa-28 to aa-150). Samples were processed according to the manufacturer’s
instructions. The lower limit of detection was 2.0 log U/mL, and a linear range of 3.0
log U/mL-7.0 log U/mL (1 kU/mL was equal to 3 log U/mL).

Statistical analysis
Quantitative variables were expressed as medians and ranges. Categorical variables
were expressed as proportions. Continuous variables were compared by the
Mann–Whitney U test or Kruskall-Wallis when appropriate and categorical by the
Pearson chi-square test, Fisher test or the Mc Nemar test. Patients were categorized
according to antiviral treatment (Peg-IFN-NA group vs NA group). Differences
between NA and Peg-IFN-NA groups regarding age, sex, IL28B polymorphism,
ethnicity, liver function, liver stiffness, treatment duration, viral genotype, HBsAg and
HBcrAg levels and HBsAg loss rate were analyzed by univariate analysis. A two-sided
P value < 0.05 was considered to indicate statistical significance. The kinetic of HBsAg
for each treatment group was evaluated from baseline to weeks 24 and 48 by the slope
of the HBsAg decline (log10 IU/mL per week) using a linear regression model (LRM).
Statistical analyses were performed with the SPSS® 25.0 (SPSS Inc., Chicago, IL, United
States) and LRM with the Prism 7.0 (© 1994-2016 GraphPad Software, Inc.).

RESULTS
Study population and baseline characteristics
From August 2014 to February 2016, 119 HBeAg-negative CHB patients were
evaluated. Twenty-nine (24%) patients declined their participation, 10 (8.4%) had
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previously received Peg-IFN, 10 (8.4%) had liver cirrhosis and in 5 (4.2%) patients NAs
therapy duration was shorter than 2 years. Among the 65 included patients, 5 were
only eligible for the NA therapy due to Peg-IFN contraindications and 60 were eligible
for both therapies: 36 accepted to receive Peg-IFN and 24 refused the addition of PegIFN. Therefore, 36 (55.4%) patients were included in the Peg-IFN-NA group and 29
(44.6%) in the NA group. Two patients in NA group were receiving low doses of
corticosteroids (prednisone 2.5 to 5 mg/d) for rheumatoid arthritis and no kidney
transplanted patients were included because none of them fulfilled the inclusion
criteria.
Figure 1 shows the flowchart and Table 1 the main characteristics of the included
patients. Patients in Peg-IFN-NA group compared to NA group were younger (age 45
vs 53, P = 0.01) and had a shorter previous NA treatment duration (259 vs 393 wk, P =
0.01), but were comparable in gender, IL28B polymorphism, ethnicity, liver function,
liver stiffness, type of NA, HBV genotype and baseline HBcrAg and HBsAg levels.
Due to the baseline differences, patients of both treatment groups were individually
matched for age and treatment duration. Therefore, pre-treatment predictors and the
kinetic of serological markers (HBsAg and HBcrAg) were performed in 48 patients.
Table 2 shows the characteristics of matched patients.

HBcrAg kinetics according to baseline variables and treatment group
The median (range) HBcrAg values (log 10 U/mL) was 2.7 (< 2-4.9) in NA group and
2.3 (< 2-3.7) in Peg-IFN-NA group (P = 0.18) at baseline. The rate of patients with
HBcrAg values below the limit of detection (HBcrAg < 2 log10 U/mL) was 25% and
38%, respectively (P = 0.39). The HBcrAg kinetics was described as the delta (Δ) of its
levels at weeks 24, 48 and 96. The HBcrAg levels remained stable at weeks 24, 48 and
96 (Table 2). We did not detect differences on HBcrAg levels between both treatment
strategies according to the treatment group, the IL28B polymorphism or the HBV
genotype. We did not find any correlation between HBcrAg and HBsAg levels nor
HBsAg loss rate (data not shown).

HBsAg kinetics according to baseline variables and treatment group
The baseline levels of HBsAg (log 10 IU/mL) were similar in NA and Peg-IFN-NA
groups (3.1 vs 3.2) (P = 0.25). The HBsAg kinetics was described as the delta (Δ) of their
levels at weeks 24, 48 and 96. The decline of the HBsAg level was greater in Peg-IFNNA group (-0.26, -0.40, -0.44) compared to NA group (-0.11, -0.10, -0.12) (P < 0.05 in all
determinations) (Figure 2).
The HBsAg kinetics was different between treatment arms according to IL28B
polymorphism and HBV genotype. In patients with IL28B CC polymorphism (n = 22)
the decline of HBsAg at weeks 24, 48 and 96 was greater in Peg-IFN-NA group (-0.27, 0.92 and -0.64) than in NA group (-0.11, -0.11 and -0.10) (P < 0.05 in all cases)
(Figure 3A). In contrast, in patients with IL28B CT/TT (n = 26) we did not find
differences on HBsAg kinetics at weeks 24, 48 and 96 between Peg-IFN-NA group (0.09, -0.11 and -0.19) and NA group (-0.10, -0.07 and 0.13) (not significant in all
determinations) (Figure 3B). Moreover, the decline of HBsAg were different between
NA and Peg-IFN-NA group at weeks 48 and 96 in patients infected by HBV genotype
A (-0.07 vs -1.05 and -0.08 vs -0.53) and genotype D (-0.08 vs -0.42 and -0.51 vs -0.80) (P
< 0.05 in all cases) (data not shown).

LRM to recognize different HBsAg kinetics
In order to demonstrate the existence of different HBsAg kinetics for each treatment
strategy, we evaluated the slope of the HBsAg decline (log10 IU/mL per week) from
baseline to weeks 24 and 48 using a LRM (Figure 4). In patients receiving NA
monotherapy, HBsAg levels did not decrease during the forty-eight weeks. The slope
of HBsAg kinetics in NA group (-0.00) was similar to zero (P = 0.6). On the contrary, in
patients receiving Peg-IFN-NA, HBsAg levels significantly decreased during the fortyeight weeks and the slope of HBsAg kinetic (-0.02) was different to zero (P < 0.001) and
greater than that found in NA group (P = 0.015).

Rate of low HBsAg levels and HBsAg loss during follow-up
The proportion of patients reaching low levels of HBsAg (HBsAg < 100 IU/mL) at
baseline and at weeks 24, 48 and 96 are depicted in Figure 5. In the NA group the rate
of patients with low HBsAg levels was 21% at baseline, but did not change at weeks
24, 48 and 96 (not significant) (Figure 5A). On the contrary, rate of patients with low
HBsAg levels in Peg-IFN-NA group was 4.2% at baseline and increased at weeks 24
(16.7%), 48 (29.6%) and 96 (16.7%) (P = 0.001) (Figure 5B). The proportion of patients
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Table 1 Main characteristics of the included patients
NA group (n = 29)

Peg-IFN-NA group (n = 36)

P value

Age (yr)

53 (36-70)

45 (26-72)

0.01

Males, n (%)

21 (72)

29 (81)

0.44

IL28B polymorphism, n (%)

0.16

CC

11 (37.9)

20 (55.6)

CT/TT

14 (62.1)

16 (44.4)

Origin (ethnicity), n (%)

0.70

Europe

20 (69)

20 (56)

Asia

12 (33)

12 (33)

Africa

3 (10)

3 (8)

AST (IU/mL)

20 (15-59)

22 (12-62)

0.37

ALT (IU/mL)

19 (12-101)

25 (12-91)

0.20

GGT (IU/mL)

19 (9-197)

22 (10-125)

0.33

LSM, n (%)

0.91

< 7.2 kPa

28 (97)

34 (97)

7.2-12 kPa

1 (3)

1 (3)

Tenofovir

20 (69)

22 (61)

Entecavir

7 (24)

11 (31)

Others

2 (7)

3 (8)

NA treatment duration (wk)

393 (113-763)

259 (118-496)

NA treatment, n (%)
0.46

0.01

HBV genotype, n (%)

0.99

Non-D

7 (24.1)

16 (44.4)

D

12 (41.4)

13 (36.1)

Not available

10 (34.5)

7 (19.4)

Baseline HBcrAg (log 10 U/mL)

2.65 (< 2-4.9)

2.30 (< 2-3.7)

0.18

Baseline HBsAg (log 10 IU/mL)

2.96 (1.3-4.2)

3.22 (1.6-4.6)

0.07

Quantitative variables are expressed as median (range); qualitative variables are expressed as n (%). NA: Nucleos(t)id analogue; Peg-IFN: Pegylated
interferon; IL28B: Interleukin 28B; AST: Aspartate aminotransferase; ALT Alanine aminotransferase; GGT: Gamma-glutamyl transferase; LSM: Liver
stiffness measurement; HBV: Hepatitis B virus; HBcrAg: Hepatitis B core-related antigen; HBsAg: Hepatitis B surface antigen.

achieving HBsAg loss in the Peg-IFN-NA group (n = 3, 12.5%) was higher compared to
NA group (n = 0, 0%), but the difference did not reach the statistical significance (P =
0.07).
Patients with HBsAg loss were male, with low fibrosis stage (F0-F1), and infected by
HBV-genotype A (n = 1) or B (n = 2). Two patients had an IL28B CC polymorphism
and the other a CT polymorphism. All of them had been on NAs therapy for more
than 5 years before the addition of Peg-IFN. The NAs treatment was entecavir (n = 1),
tenofovir (n = 1) and telbivudine (n = 1). Baseline levels of HBsAg (log10 IU/mL) were
4.0, 2.1 and 1.6, and baseline levels of HBcrAg (log10 U/mL) were 2.7, < 2 and 3.4,
respectively. All of them received Peg-IFN during forty-eight weeks. Two patients lost
HBsAg during therapy (week 24 and 36) and one at week 24 after Peg-IFN
discontinuation (week 72).

Safety
No serious adverse events were observed during treatment and follow-up. However, 8
(22%) patients did not complete Peg-IFN treatment. The reasons for Peg-IFN
discontinuation were flu-like symptoms and asthenia (n = 3), DNA flare (n = 3),
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Table 2 Characteristics of matched patients in each treatment group
NA group (n = 24)

Peg-IFN-NA group (n = 24)

P value

Age (yr)

54 (36-60)

45 (26-63)

0.07

Male sex, n (%)

18 (75)

22 (91)

0.12

IL28B polymorphism, n (%)

0.25

CC

9 (38)

13 (54)

CT/CT

15 (62)

11 (46)

Origin (ethnicity), n (%)

0.20

European

17 (70)

12 (50)

Asia

3 (12)

9 (38)

Africa

2 (8)

3 (12)

AST (IU/mL)

20 (15-59)

22 (15-38)

0.69

ALT (IU/mL)

20 (12-101)

23 (15-50)

0.41

GGT (IU/mL)

23 (9-197)

22 (11-125)

0.44

LSM, n (%)

0.32

< 7.2 kPa

23 (96)

24 (100)

7.2-12 kPa

1 (4)

0 (0)

NA treatment, n (%)

0.32

Tenofovir

16 (67)

12 (50)

Entecavir

6 (25)

9 (38)

Others

2 (8)

3 (12)

NA treatment duration (wk)

378 (113-763)

272 (139-495)

0.06

HBV genotype, n (%)

0.43

A

5 (21)

4 (17)

B

1 (4)

3 (12)

C

0 (0)

2 (8)

D

10 (42)

8 (33)

E

1 (4)

2 (8)

F

0 (0)

1 (4)

Not available

7 (29)

4 (18)

Baseline HBcrAg (log 10 U/mL)

2.7 (< 2-4.9)

2.3 (< 2-3.7)

0.18

Baseline HBcrAg (log10 U/mL), n (%)

0.39

<2

6 (25)

9 (38)

2-2.5

4 (17)

6 (25)

2.5-3

6 (25)

3 (12)

3-3.5

2 (8)

3 (12)

3.5-4

3 (13)

3 (12)

>4

3 (13)

0 (0)

Baseline HBsAg (log10 IU/mL)

3.1 (1.3-4.2)

3.2 (1.6-4.4)

0.25

Baseline HBsAg (IU/mL), n (%)

0.22

> 1000

12 (50)

14 (48)

100-1000

7 (29)

9 (38)

< 100

5 (21)

1 (4)

WJH

https://www.wjgnet.com

1082

November 27, 2020

Volume 12

Issue 11

Broquetas T et al. HBsAg kinetics after adding pegylated-interferon

HBcrAg decline (log10 U/mL)
Δ Week 24

0.00 (-1.10-1.21)

0.00 (-0.71-0.30)

0.96

Δ Week 48

0.00 (-1.00-0.30)

0.00 (-1.31-1.10)

0.25

Δ Week 96

0.00 (-1.00-0.10)

0.00 (-0.71-0.71)

0.12

Δ Week 24

-0.11 (-0.04-0.00)

-0.26 (-3.8-0.1)

0.01

Δ Week 48

-0.10 (-1.17-0.04)

-0.40 (-4-0.02)

0.00

Δ Week 96

-0.12 (-1.39-0.96)

-0.44 (-4-0.01)

0.00

HBsAg Loss; n (%)

0 (0)

3 (12.5)

0.07

HBsAg decline (log10 IU/mL)

Quantitative variables are expressed as median (range); qualitative variables are expressed as n (%). NA: Nucleos(t)id analogue; Peg-IFN: Pegylated
interferon; IL28B: Interleukin28B; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; LSM: Liver
stiffness measurement; HBV: Hepatitis B virus; HBcrAg: Hepatitis B core related antigen; HBsAg: Hepatitis B surface antigen.

Figure 2 Hepatitis B surface antigen delta (Δ) (log10 IU/mL) at wk 24, 48 and 96 according to treatment group. Peg-IFN: Pegylated interferon;
NA: Nucleos(t)ids analogue.

polyarthritis (n = 1) and Graves’ thyroiditis (n = 1). No patients discontinued antiviral
treatment in NA group.

DISCUSSION
In this controlled trial of HBeAg-negative CHB non-cirrhotic patients under NAs
treatment and with undetectable DNA, the addition of 48 wk of Peg-IFN alfa-2a
reduced HBsAg levels further and faster than continuing with NAs monotherapy.
However, the proportion of patients with HBsAg loss during the first ninety-six weeks
did not reach the statistical significance with this add-on strategy.
HBsAg kinetics has been shown as one of the best predictors of treatment
response[8,16,17]. However, patients of our Peg-IFN-NA group were younger and had a
shorter previous NA treatment duration compared to NA group. According to
previously published studies showing a decrease of HBsAg levels with NA therapy[18]
and a higher probability to HBsAg clearance in aged populations[19] we decided to
match the included patients for age and treatment duration.
The present study prospectively confirms our previously published results[7]
regarding the slow decline of HBsAg levels in HBeAg-negative CHB patients receiving
NAs therapy. The current study has demonstrated a very low decline (-0.12 log10
IU/mL at week 96) and very slow change (-0.00 log10 IU/mL per week) of HBsAg
levels in patients receiving NAs. As a consequence, the rate of patients with low
HBsAg levels (< 100 IU/mL) did not change at weeks 24, 48 and 96, and no patient
achieved HBsAg loss. On the contrary, the addition of Peg-IFN clearly increased the
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Figure 3 Hepatitis B surface antigen delta (Δ) (log10 IU/mL) according to interleukin 28B polymorphism and treatment group. A: Hepatitis B
surface antigen delta (Δ) in interleukin 28B CC patients (n = 22); B: Hepatitis B surface antigen delta (Δ) in interleukin 28B CT/TT patients (n = 26). NS: Not
significant; NA: Nucleos(t)ids analogue; Peg-IFN: Pegylated interferon.

Figure 4 Linear regression model of hepatitis B surface antigen levels according to treatment group. NA: Nucleos(t)ids analogue; Peg-IFN:
Pegylated interferon; LR: Linear regression.

decline (-0.44 log10 IU/mL at week 96) and accelerate the decrease (-0.02 log10 IU/mL
per week) of HBsAg levels compared to NA group. Therefore, in the Peg-IFN-NA
group the rate of patients with low HBsAg levels was higher at weeks 24 (16.7%) and
48 (29.6%) and the rate of HBsAg loss increased (n = 3, 12.5%) compared to NA group (
n = 0, 0%).
We also analyzed the HBcrAg levels during the study in both treatment strategies.
However, levels of HBcrAg remained stable during the 96 wk without differences
between both treatment strategies and without correlation with HBsAg levels or
HBsAg loss rate. This could be explained by the fact that baseline levels of HBcrAg in
our cohort of HBeAg negative patients, receiving NAs during a long time period
before inclusion, were already low. As described before, the rate of patients with a
baseline HBcrAg value below the limit of detection (< 2 log10 U/mL) was high in both
treatment groups (25% and 38%). Recent studies have shown that HBcrAg can reflect
cccDNA transcriptional activity in the different phases of HBV infection[20,21]. However
as HBeAg is included in HBcrAg, this could explain the low baseline HBcrAg levels in
our cohort of HBeAg-negative patients. Moreover, recent studies, have described that
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Figure 5 Rate of patients with low hepatitis B surface antigen levels (Hepatitis B surface antigen < 100 IU/mL and 100-1000 IU/mL)
according to treatment group. A: NA group; B: Peg-IFN-NA group. NS: Not significant; NA: Nucleos(t)ids analogue; Peg-IFN: Pegylated interferon.

HBcrAg levels can decline over the time in patients undergoing NAs therapy,
especially in HBeAg-negative patients[22,23]. Thus, according to our results, we have not
found that HBcrAg determination could be a useful serum marker in clinical practice
for monitoring treatment response in HBeAg-negative patients receiving NAs or PegIFN-NAs.
It has been suggested that low levels of HBsAg are related to higher rates of HBsAg
loss after NA discontinuation, being advisable to achieve low levels of HBsAg before
stopping NA therapy[24,25]. Our study showed that the rate of patients with HBsAg <
100 IU/mL increased in the Peg-IFN-NA group from 4.2% at baseline to 29.6% at 48
wk (P = 0.001). The NAs have shown to restore partly adaptive immunity, whereas
Peg-IFN boosts innate immunity and depletes the ccc-DNA, which leads to a major
HBsAg loss[26-29]. The analysis performed in matched patients by age and treatment
duration showed that the proportion of HBsAg loss during the first 96 wk was higher
in the Peg-IFN-NA group compared to the NA group. However, this difference did
not reach the statistical significance probably due to the limited number of included
patients and the short follow-up time of our study. Nevertheless, our results are in
accordance with smaller studies previously published[30,31] and in line with the results
published by Bourlière et al[32] during the execution of the current study.
Previous studies have linked the presence of IL28B CC polymorphisms with the
HBsAg loss in HBeAg-negative CHB patients receiving Peg-IFN. It has been shown
that CC polymorphism could confer a better response profile to Peg-IFN therapy than
CT/TT polymorphisms, especially in patients infected by HBV genotype D[11,33]. We
analyzed the HBsAg kinetics according to IL28B polymorphism, and we found that
patients with CC polymorphism showed a higher HBsAg decline in Peg-IFN-NA
group compared to NA group. On the contrary, HBsAg kinetics was similar in both
treatment strategies in CT/TT patients. Therefore, the add-on strategy should not be
recommended in patients with IL28B CT or TT polymorphism.
Our study has several limitations. First, the treatment assignment was not
randomized. However, patients on both treatment strategies were individually
matched for age and treatment duration to make the cohort comparable. Second, the
acceptance of the add-on strategy was low and only 40% of eligible patients with a
previous (well-tolerated) NA therapy accepted the addition of Peg-IFN due to its
potential toxicity. Third, the frequent adverse events of Peg-IFN (22% of
discontinuations) caused a low number of patients completing 48 wk of therapy
making this therapeutic strategy difficult to be introduced in clinical practice.
However, this applicability and tolerability are in line with previous published data[32].
Fourth, the treatment duration of Peg-IFN was limited to 48 wk and the follow-up
period to 96 wk. Therefore, patients with a rapid HBsAg decline could have taken
advantage of a longer therapy or longer follow-up. Finally, the low rate of HBsAg loss
did not allow to identify predictors associated with HBsAg loss. However, the LRM
demonstrated different HBsAg kinetics after adding Peg-IFN.
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CONCLUSION
In conclusion, our prospective, non-randomized, open-label clinical trial has
demonstrated that the addition of Peg-IFN to NAs decreased HBsAg levels further
and faster compared to NA monotherapy. The HBcrAg levels remained stable. Despite
the low applicability and poor tolerance of Peg-IFN making difficult its use in clinical
practice, it could be considered in selected patients with favorable HBV genotype and
IL28B polymorphism.

ARTICLE HIGHLIGHTS
Research background
Functional cure of chronic hepatitis B (CHB), defined as the loss of hepatitis B surface
antigen (HBsAg), is very unusual with current antiviral treatments in hepatitis B e
antigen (HBeAg)-negative patients. HBsAg levels decline very slow in patients
receiving nucleos(t)ids analogues (NAs). Therefore, they need long-term antiviral
treatment.

Research motivation
The hypothesis that we wanted to answer with our study was that the addition of
pegylated-interferon (Peg-IFN) could accelerate the decline of HBsAg levels in patients
that were receiving NAs and that this therapeutic strategy could increase the HBsAg
loss rate.

Research objectives
In our study we wanted to evaluate in patients under NAs therapy if the addition of
Peg-IFN could decrease HBsAg and hepatitis B core-related antigen (HBcrAg) levels,
and increase HBsAg loss rate. If HBeAg-negative patients could achieve low levels of
HBsAg it could be a good strategy to shorten the antiviral treatment.

Research methods
We have performed a prospective, non-randomized, open-label trial evaluating the
combination of Peg-IFN 180 µg/wk plus NAs during forty-eight weeks vs NAs in
monotherapy, in HBeAg-negative non-cirrhotic CHB patients after a minimum of two
years of NA therapy and with virological response.

Research results
We have shown that the addition of Peg-IFN 180 µg/wk during forty-eight weeks to
NAs caused a greater and faster decrease of HBsAg levels compared to NA therapy
alone, especially in those patients with interleukin 28B polymorphism CC. However,
the HBcrAg levels remained stable after adding Peg-IFN to NAs. We have also shown
that, the low acceptance by the patients of this therapeutic strategy and the side effects
of Peg-IFN can limit its use in clinical practice.

Research conclusions
This study shows that the addition of Peg-IFN to NA therapy accelerates the decline of
HBsAg, especially in patients with interleukin 28B polymorphism CC. Therefore, even
Peg-IFN has several side effects, this treatment strategy could be offered to some
selected patients in order to achieve the functional cure of CHB. On the other hand,
our study shows that HBcrAg levels do not seem useful to monitor this kind of
treatment, neither as a predictor of HBsAg loss.

Research perspectives
It is well known that patients with HBeAg-negative CHB usually need a long-term
therapy with NAs, even lifelong, to achieve HBsAg loss. However, it has been
suggested that low levels of HBsAg are related to higher rates of HBsAg loss after NA
discontinuation, being advisable to achieve low levels of HBsAg before stopping NA
therapy.
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Abstract
BACKGROUND
Preoperative biliary drainage in patients with presumed resectable perihilar
cholangiocarcinoma (PHC) is hypothesized to promote the occurrence of seeding
metastases. Seeding metastases can occur at the surgical scars or at the site of
postoperative drains, and in case of percutaneous biliary drainage, at the catheter
port-site. To prevent seeding metastases after resection, we routinely treated PHC
patients with preoperative radiotherapy (RT) for over 25 years until January 2018.
AIM
To investigate the incidence of seeding metastases following resection of PHC.
METHODS
All patients who underwent resection for pathology proven PHC between
January 2000 and March 2019 were included in this retrospective study. Between
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2000-January 2018, patients received preoperative RT (3 × 3.5 Gray). RT was
omitted in patients treated after January 2018.
RESULTS
A total of 171 patients underwent resection for PHC between January 2000 and
March 2019. Of 171 patients undergoing resection, 111 patients (65%) were treated
with preoperative RT. Intraoperative bile cytology showed no difference in the
presence of viable tumor cells in bile of patients undergoing preoperative RT or
not. Overall, two patients (1.2%) with seeding metastases were identified, both in
the laparotomy scar and both after preoperative RT (one patient with endoscopic
and the other with percutaneous and endoscopic biliary drainage).
CONCLUSION
The incidence of seeding metastases in patients with resected PHC in our series
was low (1.2%). This low incidence and the inability of providing evidence that
preoperative low-dose RT prevents seeding metastases, has led us to discontinue
preoperative RT in patients with resectable PHC in our center.
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Core Tip: Routine preoperative radiotherapy (3 times 3.5 Gray) to prevent the
occurrence of seeding metastases was used in our tertiary center for 28 years in patients
undergoing resection for perihilar cholangiocarcinoma. Seeding metastases occurred in
2 out of 171 patients (1.2%) undergoing resection between 2000 and 2019.
Intraoperative bile cytology showed no significant difference in the presence of tumor
cells in the bile of patients undergoing preoperative radiotherapy or not. Due to the
current low incidence of seeding metastases, preoperative radiotherapy to prevent
seeding metastases is now abandoned in our institution.
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INTRODUCTION
Patients with perihilar cholangiocarcinoma (PHC) have been treated with low-dose
radiotherapy (RT) preoperatively at our institution since the early 90s with the aim to
prevent seeding metastases. Preoperative radiotherapy was introduced in our practice
based on a study published by our institution in 1999, showing that 8 of 41 patients
(20%) undergoing resection for PHC who were drained preoperatively, developed
implantation metastases within 1 year after resection. In this study, endoscopic biliary
drainage was performed in all 41 patients, combined with percutaneous biliary
drainage in 4 of these patients. In addition, in 11 patients without biliary drainage, no
seeding metastases were found[1]. It was hypothesized that biliary drainage, with
perturbation of the tumor, enhances bile contamination with tumor cells, thereby
increasing the risk of seeding metastases with bile spill incurred during resection.
In an effort to prevent this complication, all patients with resectable PHC at our
tertiary center, received three times 3.5 Gray (Gy) external radiation therapy to the
primary tumor on three consecutive days before surgery to kill free-floating tumor
cells in the bile and destabilize the tumor cells that might be spilled during the
operation. This concept of preventive, preoperative radiation therapy and dose
regimen was based on a suggestion of a Mayo clinic study[2] and a study[3] in bladder
carcinoma in which 3 times 3.5 Gy external radiation therapy had shown to be
effective to reduce scar implementation metastases following surgery. Initial results of
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twenty-one patients with resected PHC who had undergone preoperative radiation,
were promising with none of the patients developing seeding metastases[4].
Seeding metastases resulting from spill of bile during operation may become
manifest in the tract of previous abdominal drains or laparotomy scar after resection.
In addition, most patients with resectable PHC undergo preoperative biliary drainage
which in itself, was thought to promote seeding metastases. Biliary drainage can be
performed by two different approaches: Percutaneously or by the endoscopic route.
Several studies have suggested that percutaneous biliary drainage carries an
additional risk of developing seeding metastases along the catheter tract compared to
endoscopic approaches, in which no catheter tract is created. Based on a described
incidence of seeding metastases in the catheter tract after percutaneous biliary
drainage of 2.6%-6.3%, several Asian authors[5-10] suggested that endoscopic biliary
drainage should be the preferred approach.
The aim of this study was to update the occurrence of seeding metastases in our
institution and evaluate the role of preventive pre-operative low-dose radiotherapy in
patients with resectable PHC.

MATERIALS AND METHODS
All consecutive patients who underwent resection for pathology proven PHC at the
Amsterdam UMC (location AMC) between January 2000 and March 2019 were
included in this retrospective study. The need for ethical approval was waived by the
Medical Ethics Review Committee of the Amsterdam UMC, location AMC (W19_155).
Whereas patients with intraductal papillary neoplasm of the bile duct (IPNB) were
included in this analysis, patients with other final pathology diagnosis were excluded.
Patient and tumor characteristics were obtained from a prospectively maintained
database including all patients undergoing resection for suspicion of PHC. Data
regarding preoperative work-up, biliary drainage, radiotherapy, type of surgery,
postoperative course, follow-up and recurrence was collected. Jaundiced patients were
treated by endoscopic biliary drainage or percutaneous biliary drainage, or a
combination of both, with a preference at our institution for initial endoscopic biliary
drainage.
Patients were stratified according to type of biliary drainage, while patients
undergoing both percutaneous and endoscopic biliary drainage were analyzed as a
separate group. Surgical procedures generally consisted of resection of the
extrahepatic bile duct in combination with (extended) hemihepatectomy. After 2009,
intra-operative bile sampling for cytology was routinely performed in the majority of
the patients. Results of bile cytology were compared between patients undergoing
preoperative radiotherapy or not. Standard follow up after resection was 5 years.
Imaging was not standard incorporated in oncological follow-up, but performed when
patients showed symptoms of recurrent disease.
Between 2000 and January 2018, patients undergoing resection for PHC were
irradiated to 3 times 3.5 Gy to the tumor in the liver hilum, administered on three
consecutive days prior to resection. Up to 2004, the hilar area was identified using a
conventional simulator, based on the position of the biliary stents. From 2004 onwards,
computerized tomography (CT) based planning was used. Throughout, a 3D
conformal technique was applied. Patients treated between 2000 and 2012, were also
included in the study by Wiggers et al[11]. Primary outcome of this study was the
occurrence of seeding metastases, defined as metastases occurring in the laparotomy
scar or in tracts of previous abdominal drains. Recurrence was defined as
radiologically suspected or pathologically proven recurrence and time of recurrence
was documented. Peritoneal recurrence, unlike in other studies, was not considered as
seeding metastases. Only the initial location of recurrence was registered.

Statistical analyses
Descriptive statistics were used to describe the data using statistical product and
service solutions version 25 (International Business Machines Corporation, Armonk,
NY, United States). The Chi-square test was used to compare the incidence of seeding
metastases and the occurrence of tumor cells in bile cytology between groups.
Duration of drainage was compared using Mann-Witney U test.
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RESULTS
A total of 171 patients who underwent resection for pathology proven PHC between
2000 and March 2019 were identified (Table 1). The median follow-up of survivors was
36 mo [interquartile range (IQR): 16-81]. Biliary drainage prior to resection was
performed in 145 patients (85%). In 81 (56%) patients endoscopic biliary drainage took
place, 14 (10%) patients underwent percutaneous biliary drainage and 50 (34%)
patients underwent both drainage routes, due to the absence of therapeutic success of
one route. Median duration between (first) biliary drainage and surgery was 76 d
(IQR: 53-101 d) for endoscopic drainage, 53 d (IQR: 36-80 d) for percutaneous biliary
drainage and 76 d (range 61-99 d) for both endoscopic and percutaneous biliary
drainage, respectively (P = 0.026). Of these 171 patients, there were 161 patients treated
between January 2000-January 2018 and ten patients treated between February 2018
and March 2019.

Radiotherapy
A total of 111 patients (65%) underwent preoperative radiotherapy (3 times 3.5 Gy) to
reduce the risk of seeding metastases (Figure 1). As part of another study[12], 13 patients
were additionally treated with postoperative radiotherapy (as well as preoperative
radiotherapy) between 2000 and 2001 (20 × 2.2 Gy).

Intraoperative bile cytology
After 2009, intraoperative bile cytology was obtained in 76 of 125 patients (61%). Bile
cytology showed (suspicion of) tumor cells in 24 of 76 patients (32%) and was negative
in 33 of 76 patients (45%). In the remaining patients, bile cytology was inconclusive in
9 (12%) and not assessable in 10 of 76 patients (14%). Malignant cells were found in the
conclusive bile samples of 18 of 41 patients (44%) treated with radiotherapy and in 6 of
16 (37%) patients not treated with radiotherapy. No difference in the distribution of
positive or negative bile cytology was observed between patients who were treated
with preoperative radiotherapy or not (P = 0.660).

Seeding metastases
Two patients with metastases in the laparotomy scar (1.2%) were identified (Figure 1).
Both patients had been treated with preoperative radiotherapy and one patient was
additionally treated with postoperative radiotherapy. Histopathology showed
moderately differentiated adenocarcinoma in both cases and both resections were R1
resections. The seeding metastases occurred 21 and 17 mo after resection, respectively.
Overall, the incidence of seeding metastases was 1.4% (1 of 81 patients) after
endoscopic biliary drainage, 2% (1 of 50 patients) after combined endoscopic and
percutaneous biliary drainage, and 0% after both percutaneous biliary drainage (14
patients) and no biliary drainage (26 patients) (P = 0.852).

DISCUSSION
The hypothesis underlying this study was that low-dose preoperative radiotherapy
eradicates free-floating vital tumor cells in bile, thereby reducing the risk of seeding
metastases incurred during bile spill at the time of resection. The outcome of this study
including 171 patients who had undergone resection for PHC, was that only two
patients (1.2%) developed seeding metastases (both at the laparotomy scar).
Intraoperative bile cytology showed no significant difference in the presence of tumor
cells in bile of patients who underwent preoperative radiotherapy or not.
To our knowledge, literature on application of preoperative radiotherapy in patients
with resectable PHC from other centers is lacking. As mentioned above, preoperative
radiotherapy was introduced at our institution based on a 20% incidence of seeding
metastases reported back in 1999 that has shown a striking decrease to currently 1.2%,
suggesting a positive effect of preoperative radiotherapy. However, Wiggers et al[11]
published a combined analysis of 234 patients from our institution (Academic Medical
Center, Amsterdam and Memorial Sloan Kettering Cancer Center, New York)[11]. This
study included 106 patients from the Academic Medical Center (Amsterdam) who
were subjected to preoperative radiotherapy and 128 patients from the Memorial Sloan
Kettering Cancer Center (New York) were no preoperative radiotherapy is given. The
difference in the percentage of seeding metastases between both centers (2 of 106; 1.9%
vs 5 of 128; 3.9% P = 0.46) was not significant and the overall incidence was low (3.0%)
[11]
. Therefore, evidence of a potential benefit of low dose preoperative radiotherapy
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Table 1 Characteristics of patients undergoing resection for perihilar cholangiocarcinoma
Characteristics

Patients with PHC (n = 171)

Age, mean ± SD

64 (10)

Male, n (%)

104 (61)

ASA, n (%)
1

30 (18)

2

112 (65)

3

27 (16)

Missing

2 (1)

Drainage, n (%)
None

26 (15)

Endoscopic biliary drainage

81 (48)

Percunatenous biliary drainage

14 (8)

Both

50 (29)

Bismuth-Corlette type, n (%)
I

4 (2)

II

12 (7)

IIIa

85 (50)

IIIb

42 (25)

IV

24 (14)

Missing

4 (2)

Portal vein embolization, n (%)

20 (12)

Radiotherapy, n (%)

111 (65)

Resection type, n (%)
Left hemihepatectomy

61 (36)

Extended left hemihepatectomy

6 (4)

Right hemihepatectomy

40 (23)

Extended right hemihepatectomy

47 (27)

Minor liver resection

4 (2)

External bile duct resection only

13 (8)

+ Pancreatoduodenectomy

4 (2)

+ Portal vein reconstruction

43 (26)

90-d mortality, n (%)

22 (13)

90-d morbidity, n (%)

126 (74)

Severe morbidity (Clavien-Dindo ≥ 3), n (%)

96 (56)

Recurrence, n (%)

61 (36)

Local recurrence

37 (22)

Liver metastases

10 (6)

Lung metastases

2 (1)

Peritoneal metastases

7 (4)

Other

5 (3)

SD: Standard deviation; ASA: American society of anesthesiologists.
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cannot be delivered, since this would require a randomized study with approximately
1200 patients per arm, which is not feasible for such a rare disease. In view of the
incidence of local and distant recurrences and the overall prognosis of PHC, the
overall incidence of seeding metastases is clinically less relevant. Hence, in January
2018 we decided to discontinue low dose preoperative radiotherapy. Interestingly, the
potential of treatment with stereotactic body radiation therapy for patients with
unresectable perihilar cholangiocarcinoma is currently being investigated by multiple
group[13,14].
The concept of 3 times 3.5 Gy preoperative radiation therapy to reduce the risk of
seeding metastases was based on a study in bladder carcinoma first published in
1969[15]. Follow-up studies on the effect of preoperative low-dose radiotherapy in
bladder carcinoma however, are lacking while low-dose radiotherapy seems to have
been abandoned in these patients. In current literature, indeed, a trend of a lower
seeding metastases rate is observed (Table 2)[5-10,16]. For example, incidence reported by
investigators from Hokkaido University Hospital decreased from 6.3% (3 of 48)[5] to
4.5% (3 of 67)[16] in their publications from 2011 and 2014, respectively. Likewise in
Nagoya University Hospital, catheter tract recurrence was reported to be 5.6% (19 of
339) in a study performed by Kim et al[10] in 2015[10], whilst this decreased to 3.6% (6 of
168) in a study published in 2017[6]. Surgical techniques for resection of PHC have been
refined reducing bile spill, which may have contributed to this decrease.
Our reported incidence of 1.2%, based one of the largest series on this topic, remains
lower than the incidence reported in other studies (up to 6.3%)[5-10,16]. Several factors
may contribute to the development of seeding metastases. As mentioned above,
preoperative biliary drainage is thought to increase the risk of seeding metastases by
enhancing bile contamination with tumor cells. There are some drainage related
factors that potentially influence the development of seeding metastases, one of them
being the duration of biliary drainage. A recently published study by Komaya et al[6],
including 341 resected PHC patients, did not describe the duration of biliary drainage
in their patients, although in another study originating from the same group, duration
of percutaneous biliary drainage of 60 d or more was identified as an independent risk
factor for the development of catheter tract recurrence in distal and perihilar
cholangiocarcinoma[7]. In other studies reporting on seeding metastases, duration of
biliary drainage was often not reported. In our series, the median duration of biliary
drainage of 73 d in case of endoscopic biliary drainage and 77 d after percutaneous
biliary drainage. Although this would suggest an increased risk in the majority of our
patients, the overall incidence was low (1.2%). Therefore, we cannot fully exclude the
possibility that there was an effect of preoperative radiotherapy based on this series
alone.
Related to biliary drainage, the type (endoscopic or percutaneous), placement
(proximal or transtumoral) may also play a role. Komaya et al[6] showed that the
incidence of seeding metastases was higher after percutaneous biliary drainage (44 of
165, 26.7%) compared to endoscopic biliary drainage (25 of 150, 16.7%). Their
definition of seeding metastases included right-sided pleural dissemination as well as
peritoneal dissemination and catheter tract recurrences, due to the use of the
transpleural approach of percutaneous biliary drainage in this cohort, resulting in
relatively high seeding metastases rates. Separate analysis of catheter tract recurrence,
showed occurrence of catheter tract recurrence in 6 of 164 patients (3.7%) undergoing
percutaneous drainage, while recurrence at the laparotomy scar was not described[6].
In contrary, the previously mentioned study by Wiggers including 234 patients
showed no significant difference in the occurrence of seeding metastasis between
different drainage approaches: 3.4% after percutaneous and 2.7% after endoscopic
biliary drainage (P = 0.71)[11].
This study has several limitations, the main limitation being the retrospective design
of this single-center study, introducing a significant risk of bias. A direct comparison
between patients undergoing preoperative radiation to those who did not is not
possible within this study. Before January 2018, patients who did not undergo
preoperative radiotherapy (35%) were not randomly assigned and most likely there
was a reason not to treat them with preoperative radiotherapy (for example because
they did not undergo biliary drainage or for logistic reasons). For some patients
treated after stopping preoperative radiotherapy in January 2018, follow-up might be
too short for seeding metastases to develop, as seeding metastases occurred after a
median of 17 mo in the study by Wiggers et al[11]. In addition, due to the absence of
standardized follow-up imaging after resection, not all seeding metastases or
recurrences may have been detected. When comparing cytology results of patients
with and without radiotherapy, we could not account for viability of the cells.
Although cells may stain positively, this does not mean that these cells are still viable
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Table 2 Overview of studies reporting on incidence of seeding metastases in patients with perihilar cholangiocarcinoma
Incidence

Patients

Sakata et al , 2005

3/67 (4.4%), cumulative 6%

Niigata University Graduate School of Medical and Dental Sciences;
Percutaneous biliary drainage, 1998-2002

Kang et al[9], 2013

6/232 (2.6%) + 8 abdominal wall/wound implant
metastases (3.4%)

Seoul National University Hospital; Percutaneous biliary drainage, 1991-2011

Kim et al[10], 2015

2/52 (3.8%)

Samsung Medical Center Seoul; Percutaneous biliary drainage, 2000-2012

[5]

Kawakami et al ,
2011

3/48 (6.3%)

Hokkaido University Hospital; Percutaneous biliary drainage, 1999-2009

Hirano et al[16], 2014

3/67 (4.5%)

Hokkaido University hospital; Percutaneous biliary drainage, 2000-2008

Takahashi et al[7],
2010

19/339 (5.6%)

Nagoya University hospital, 1977-2007

Komaya et al[6],
2017

6/168 (3.6%)

Nagoya University Hospital Percutaneous biliary drainage, 2003-2012

Ten Hoopen et al[1],
1999

8/41 (20%)

AMC Amsterdam; Biliary drainage, 1983-1990

Wiggers et al[11],
2013

2/106 (1.9%)

AMC Amsterdam; Percutaenous + endoscopic biliary drainage, 1991-2012

[8]

Figure 1 Flowchart of patients with perihilar cholangiocarcinoma.

and therefore, we could have overlooked an effect of radiotherapy. Due to the overall
low number of events (seeding metastases), proper statistical analysis was not feasible
in this series and confidence limits are huge.
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CONCLUSION
The incidence of seeding metastases in patients with resected PHC has decreased and
is currently low (1.2% in our institution). As the only center in the world reporting on
preventive low-dose radiotherapy, we were unable to deliver evidence of a potential
benefit of preoperative radiotherapy and therefore preoperative radiotherapy in
patients with resectable PHC has been discontinued in our institution.

ARTICLE HIGHLIGHTS
Research background
Routine preoperative radiotherapy (3 times 3.5 Gray) to prevent the occurrence of
seeding metastases was used in our tertiary center for 28 years in patients undergoing
resection for perihilar cholangiocarcinoma.

Research motivation
Previous research from our department showed that seeding metastases occurred in
up to 20% of the patients undergoing resection of perihilar cholangiocarcinoma.

Research objectives
To investigate the occurrence of seeding metastases among patients with resectable
perihilar cholangiocarcinoma.

Research methods
A retrospective study was conducted, including all patients undergoing resection of
perihilar cholangiocarcinoma in a larger tertiary center between 2000 and March 2019.

Research results
Seeding metastases occurred in 2 out of 171 patients (1.2%) undergoing resection for
perihilar cholangiocarcinoma. These seeding metastases occurred at the laparotomy
scar in both patients, after 17 and 21 mo, respectively. Intraoperative bile cytology
showed no significant difference in the presence of tumor cells in the bile of patients
undergoing preoperative radiotherapy or not.

Research conclusions
The incidence of seeding metastases in patients with resected perihilar
cholangiocarcinoma has decreased. Evidence of a potential benefit of preoperative
radiotherapy could not be delivered and therefore preoperative radiotherapy in
patients with resectable perihilar cholangiocarcinoma has been discontinued in our
institution.

Research perspectives
As we are the only center reporting on the use of low-dose radiotherapy to prevent
seeding metastases in patients with perihilar cholangiocarcinoma, it is unlikely that
other reports on this topic will appear and future research may focus more on the
potential of stereotactic body radiation therapy to treat patients with unresectable
perihilar cholangiocarcinoma.
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Abstract
BACKGROUND
Hepatectomy with inflow occlusion results in ischemia-reperfusion injury;
however, pharmacological preconditioning can prevent such injury and optimize
the postoperative recovery of hepatectomized patients. The normal inflammatory
response after a hepatectomy involves increased expression of metalloproteinases,
which may signal pathologic hepatic tissue reformation.
AIM
To investigate the effect of desflurane preconditioning on these inflammatory
indices in patients with inflow occlusion undergoing hepatectomy.
METHODS
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This is a single-center, prospective, randomized controlled trial conducted at the
4th Department of Surgery of the Medical School of Aristotle University of
Thessaloniki, between August 2016 and December 2017. Forty-six patients were
randomized to either the desflurane treatment group for pharmacological
preconditioning (by replacement of propofol with desflurane, administered 30
min before induction of ischemia) or the control group for standard intravenous
propofol. The primary endpoint of expression levels of matrix metalloproteinases
and their inhibitors was determined preoperatively and at 30 min posthepatic
reperfusion. The secondary endpoints of neutrophil infiltration, coagulation
profile, activity of antithrombin III (AT III), protein C (PC), protein S and
biochemical markers of liver function were determined for 5 d postoperatively
and compared between the groups.
RESULTS
The desflurane treatment group showed significantly increased levels of tissue
inhibitor of metalloproteinases 1 and 2, significantly decreased levels of matrix
metalloproteinases 2 and 9, decreased neutrophil infiltration, and less profound
changes in the coagulation profile. During the 5-d postoperative period, all
patients showed significantly decreased activity of AT III, PC and protein S (vs
baseline values, P < 0.05). The activity of AT III and PC differed significantly
between the two groups from postoperative day 1 to postoperative day 5 (P <
0.05), showing a moderate drop in activity of AT III and PC in the desflurane
treatment group and a dramatic drop in the control group. Compared to the
control group, the desflurane treatment group also had significantly lower
international normalized ratio values on all postoperative days (P < 0.005) and
lower serum glutamic oxaloacetic transaminase and serum glutamic pyruvic
transaminase values on postoperative days 2 and 3 (P < 0.05). Total length of stay
was significantly less in the desflurane group (P = 0.009).
CONCLUSION
Desflurane preconditioning can lessen the inflammatory response related to
ischemia-reperfusion injury and may shorten length of hospitalization.
Key Words: Desflurane; Preconditioning; Hepatectomy; Inflammation; Metalloproteinases;
Reperfusion injury
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ischemia-reperfusion injury remains a leading cause of morbidity and
mortality in hepatectomies. In our study, 46 patients were randomly and equally
allocated to receive pharmacological preconditioning with desflurane (intervention
group) or not (control group) to compare inflammatory indices between the two
groups. We found significantly reduced levels of matrix metalloproteinases 2 and 9,
increased levels of tissue inhibitor matrix metalloproteinases 1 and 2, and decreased
neutrophil infiltration in the intervention group. Thus, hepatoprotective strategies may
ameliorate the pathophysiologic effects of ischemia-reperfusion during liver surgery,
with our study suggesting a novel promising strategy that may benefit patients
postoperatively.
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INTRODUCTION
Hepatectomy is one of the most frequently performed strategies to treat benign and
malignant liver diseases, and the number of patients undergoing hepatectomy is
increasing[1]. Unfortunately, the ischemia-reperfusion (IR) technique in the
hepatectomy procedure can cause liver damage and represents one of the most
important reasons for postoperative liver failure[2]. When prolonged ischemia is
applied to a tissue, the cellular metabolism inevitably becomes anaerobic, leading to
loss of cellular function and ultimately cell death[3,4]. The extent of the resection along
with IR injury (IRI) results in tissue trauma and triggers the acute phase response. It
consequently impacts the physiology of the liver and affects the mechanisms
underlying production of clotting factors, including that of inflammatory cytokines,
chemokines and complement products, and the recruitment of neutrophils to the site
of injury[5,6]. Indeed, previous studies have demonstrated increased neutrophil
infiltration in the livers of animals which have suffered from IRI and that exposure to
pharmacological agents attenuating neutrophil activities leads to milder hepatic IRI[7-9].
The inflammatory response complicating IRI leads to induction of matrix
metalloproteinases (MMPs), which are produced by hepatic stellate cells, Kupffer cells
and hepatocytes[10]. While the MMPs in general play a major role in tissue remodeling
and molecular signaling, and correlate with the inflammation process, MMP2 and
MMP9 are expressed under pathological conditions and are responsible for the
extracellular matrix disruption linked to IRI[11,12]. Parallel to this, the balance between
MMPs and their endogenous inhibitors (known as the tissue inhibitors of
metalloproteinases, or TIMPs) regulate their activity in pathologic conditions[13].
Pharmacological preconditioning may limit the anticipated rise in the concentration
of MMPs following hepatic IRI. Although this procedure has been studied extensively
in cardiac surgery[14-16], its efficacy in hepatic surgery remains unknown. Desflurane, a
volatile anesthetic in routine clinical use, protects hepatic blood flow. It is also known
to cause less toxicity to the liver than other volatile anesthetics, to have minor
biological degradation, with a 0.02% calculated metabolism ratio, and to be less soluble
in plasma and tissues[17]. Moreover, it was found to be superior to total intravenous
anesthesia, regarding patient outcomes following liver surgery[18,19].
Taking the role of MMPs and pharmacological preconditioning in IRI into
consideration, we aimed to investigate the effect of preconditioning with desflurane on
MMP induction.

MATERIALS AND METHODS
This single-center, prospective, randomized controlled trial was conducted in patients
undergoing liver resection at the 4th Department of Surgery of the Medical School of
Aristotle University of Thessaloniki, between August 2016 and December 2017.
Patients were randomized, in a 1:1 ratio, into the hepatectomy with pharmacological
preconditioning with desflurane group (intervention group) or the hepatectomy
without preconditioning group (control group). The study was carried out following
review and approval by the Institutional Review Board of the General Hospital
“Georgios Papanikolaou” where the 4th Surgical Department of Aristotle University in
Thessaloniki is located. Written informed consent was obtained from all participants.
The study was also conducted in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans and
is registered at clinicaltrials.gov (NCT03848780).
Patients eligible for study inclusion were older than 18 years of age and undergoing
an elective extensive hepatic resection that included more than two segments of the
liver. Exclusion criteria were infection with hepatitis B or C or human
immunodeficiency virus, liver cirrhosis, autoimmune disease, inflammatory bowel
disease, or pregnancy. Patients who received additional ablation therapies
(cryosurgery or radiofrequency) or liver resections without inflow occlusion were also
not eligible for study inclusion. During the study, there were no changes in the
eligibility criteria.
Ultimately, 46 consecutive patients undergoing elective major hepatectomy were
included in this prospective study. The patients were randomized equally into either
the intervention group (receiving preconditioning with desflurane) or the control
group. The randomization sequence was generated by a computer and sealed in
envelopes. Each patient was operated by the same experienced hepatobiliary surgical
team, who were all blinded to the intervention assignment.
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Anesthetic technique
The preoperative physical status of the patients was categorized into classes, according
to the criteria of the American Society of Anesthesiologists (commonly known as
ASA). Standard monitoring, along with invasive blood pressure, cardiac
output/stroke volume variation, a central venous line and depth of anesthesia
(measured with the bispectral index), were conducted routinely. General anesthesia
was accomplished with 3 μg/kg fentanyl, 2-2.5 mg/kg propofol, 1 mg/kg lidocaine,
and 0.2 mg/kg cis-atracurium. Anesthesia was maintained by the continuous infusion
of 0.05-0.1 mg/kg/min propofol, 5 μg/kg fentanyl, 2-4 mg boluses cis-atracurium
(according to clinical need) and 0.3-0.6 μg/kg/min remifentanil. Both the control and
desflurane groups underwent the same protocol for administration of fentanyl and
remifentanil.
In patients with preconditioning, propofol anesthesia was replaced by desflurane
according to previous practice for pharmacological preconditioning in IR[20].
Specifically, at 30 min before the induction of ischemia, propofol administration was
stopped and replaced by desflurane, set to achieve a minimal alveolar concentration of
1 (induction time of 5 min). The pharmacological preconditioning was performed for
20 min, after which the following 5 min were used to cease desflurane administration
and reinitiate propofol (with washout of 5 min). Hepatic ischemia was then begun. The
hemodynamic tolerance to clamping was the same in both groups.

Surgical technique
Surgical procedures were performed in a standardized manner, by the same
experienced hepatobiliary surgeon. At 30 min before clamping of the portal triad, the
anesthesiologist was informed as to whether a pharmacological preconditioning with
desflurane was to be performed or not, according to the randomized assignment. The
surgeon remained blinded to the assignment for the entire operation. During resection,
we aimed for a low central venous pressure (0-5 mmHg). Liver transection was
performed by parenchyma crushing, using a 3-mm tip Kelly clamp. Vessels ≤ 2 mm
were coagulated at 120W with the irrigated bipolar forceps. Clipping or ligation was
applied for all other elements. A stapler device was used only for the transection of
hepatic veins. The Pringle maneuver was applied intermittently and the cumulative
duration was at least 30 min. Specifically, every interval of 10 min of inflow occlusion
was followed by 5 min reperfusion time[21]. Postoperatively, all patients in both groups
received thromboprophylaxis with tinzaparin.

Study endpoints
Primary endpoints: Primary outcomes of the study were the serum levels of MMP2,
MMP9, TIMP1 and TIMP2 in both groups. Blood samples were taken preoperatively
and at 30 min after hepatic reperfusion had been permanently established. The
samples were tested to determine the relative gene expression using real-time
polymerase chain reaction (PCR). The comparative log fold-change method (also
referred to as the 2-ΔΔCT method) was used to calculate the fold-change and then convert
it to a percentage.
Secondary endpoints: A sample of hepatic tissue was taken immediately before
ischemia induction and at 30 min after liver reperfusion, for histological analysis.
Hematoxylin-eosin staining was used to assess the degree of steatosis, while Gomori
and Masson staining was used to determine the level of fibrosis. Steatosis was
characterized (100 × magnification) as mild (10%-30%), moderate (30%-60%) or severe
(> 60%), according to the presence of fat droplets in the hepatic cells. Fibrosis was
graded based on the METAVIR score, with absence graded as F0, portal fibrosis
without septa as F1, with rare septa as F2 or numerous septa as F3, and cirrhosis as F4.
Coagulation markers and the activity of anticoagulation factors were monitored
perioperatively and followed for the first 5 d after liver resection. Blood samples were
collected preoperatively and on postoperative days (PODs) 1-5. Standard coagulation
tests, international normalized ratio (INR), prothrombin time (PT), activated partial
thromboplastin time (aPΤT), the fibrin degradation product D-dimer (D-d), platelet
count, and natural anticoagulant activity levels [antithrombin III (AT III), protein C
(PC), and protein S (PS)] were measured and compared between the two groups using
chromogenic assays for plasma AT III and PC and electro-immunodiffusion assay for
free PS (all from Dade-Behring Inc., Deerfield, IL, United States). The AT III assay had
normal values at 80%-120%, an intra-assay coefficient of 7.7% and inter-assay
coefficient of 8.2%. The PC assay had normal values at 70%-130%, an intra-assay
coefficient of 8.1% and inter-assay coefficient of 8.6%. The PS assay had normal values
of 70%-130%, an intra-assay coefficient of 8.2% and inter-assay coefficient of 8.7%. To
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assess activation of the fibrinolytic system, fibrinogen and D-d were measured, with
the latter measured by latex semiquantitative assay (Diagnostica Stago, Asnières-surSeine, France) wherein a negative result was indicated by concentrations of < 0.5
μg/mL.
The lengths of intensive care unit and hospital stays were also recorded. In addition,
biochemical markers of liver function, including aspartate aminotransferase, alanine
transaminase, total bilirubin, gamma-glutamyl transferase and alkaline phosphatase,
were evaluated in all patients preoperatively and up to POD 5. No changes were
made to the trial outcomes after the trial commenced.

Statistical analysis
In order to determine the appropriate sample size of the study, power analysis was
carried out in G*Power (version 3.1.7; Universität Kiel, Germany). Data from a
previous study[20] were used as a proxy of the anticipated findings in the present study,
with 80% power and 5% significance level. Power calculation resulted in 20 patients
per group.
The independent samples t-test and independent samples Mann-Whitney test were
implemented for group (intervention vs control) comparisons. Furthermore, Fisher’s
exact test and the χ2 test were used for comparisons of groups relative to qualitative
variables. Data on biological markers were analyzed within the frame of general linear
models with the ANOVA method, according to the model which involves one factor
between patients (factor “group” with two levels) and one factor within patients
(factor “time” with five levels, with repeated measures). Comparisons of means were
carried out with the least significant difference criterion. The significance level was
preset at P ≤ 0.05 for all hypotheses testing procedures. The SPSS v.22.0 software (IBM
Corp., Armonk, NY, United States) was utilized for all statistical analyses. All data
were subjected to the Kolmogorov-Smirnov test and found to be normally distributed;
as such, they are presented as mean ± standard deviation in the tables. The statistical
methods used in this study were reviewed by Anna Bettina Haidich, Assistant
Professor in Hygiene-Medical Statistics Department of the Aristotle University of
Thessaloniki.

RESULTS
Patients’ characteristics
The selection process is displayed in Figure 1, as a flow diagram. Patients’
characteristics are presented in Table 1. The leading reason for liver resection among
the study population was hepatic metastasis (n = 20). There was no significant
difference between the two groups in terms of sex (P = 0.719), age (P = 0.612), body
mass index (BMI) or ASA class (P = 0.963).
The mean duration of ischemia during the hepatectomies was 61 ± 30 min in the
intervention group and 55 ± 26 min in the control group (P = 0.654). Median duration
of operation was 300 min (range: 241-380 min) in the intervention group and 270 min
(range: 210-340 min) in the control group (P = 0.364). There was no statistically
significant difference between the two groups in the units of blood administered
intraoperatively (Table 1). The median length of intensive care unit stay after liver
resection was also similar between the two groups [1 (1-2) vs 1 (1-2) d; P = 0.373];
however, a shorter hospital stay was observed for patients undergoing liver resection
with desflurane preconditioning [9.5 (8-11) d vs 12 (11-20.3) d; P = 0.009]. Postoperative
complications are presented in Table 2.

Primary endpoints
MMPs: After hepatic IR, the control group showed significantly higher levels of both
MMP2 and MMP9 (vs the intervention group; Table 3).
TIMPs: After hepatic IR, the intervention group showed significantly higher levels of
both TIMP1 and TIMP2 (vs the control group; Table 3).

Secondary endpoints
Neutrophil infiltration: After hepatic IR, the control group showed a significantly
higher infiltration of neutrophils (vs the intervention group; Table 4).
Hepatic fibrosis and steatosis: After hepatic IR, the rates and grades of fibrosis and
steatosis were not significantly different between the two groups (Table 4). Also, after
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Table 1 Patients’ characteristics
Characteristics

Desflurane group, n = 23

Control group, n = 23

P value

Age, yr

64.5 ± 10.6

61.5 ± 11,4

0.612

Males

12 (52.1)

14 (60.8)

0.719

ΒΜΙ, kg/m2

25.6 ± 5.1

26.2 ± 4.8

0.953

Cause of liver resection

0.914

Hepatic cancer

10 (44)

9 (39)

Liver metastasis

9 (39)

11 (48)

Hemangioma

1 (4.3)

1 (4.3)

Klatskin tumor

2 (8.6)

1 (4.3)

Focal nodular hyperplasia

1 (4.4)

1 (4.3)

No of tumors

0.772

Solitary

14 (60.9)

12 (52.2)

2

5 (21.7)

7 (30.4)

3

3 (13)

4 (17.4)

4

1 (4.3)

0

Size of largest tumor, cm

12.5 ± 8.7

11.9 ± 7.5

0.711

No of segments

1

1

10 (43.5)

11 (47.8)

2-3

8 (34.6)

7 (30.4)

>3

5 (21.7)

5 (21.7)

Type of hepatectomy

0.853

Right extended

3 (13)

2 (8.6)

Right

8 (34.7)

10 (43.5)

Left

10 (43.5)

8 (34.7)

Left extended

2 (8.6)

3 (13)

Previous treatment status

0.552

No preoperative treatment

14 (60.9)

12 (52.2)

Neo-adjuvant chemotherapy

9 (39.1)

11 (47.8)

Intraoperative blood loss, mL

630 ± 550

690 ± 580

0.847

Intraoperative blood transfusion, units of red blood cells

0.875

0

5 (21.7)

5 (21.7)

1

6 (26)

7 (30.4)

2

8 (34.7)

7 (30.4)

3

3 (13)

2 (8.6)

4

1 (4.3)

2 (8.6)

Quantitative variables are expressed as mean and standard deviation, while qualitative variables are expressed as absolute (n) and relative values (%). The
t-test was used for comparison of patient's age between the two groups. The χ2 test was used for sex (male). Fisher’s exact test was used for etiologies of
hepatectomy, type of hepatectomy, and intraoperative transfusion. BMI: Body mass index.

reperfusion, the findings were identical to baseline among the participants.
Coagulation markers: Upon intensive care unit admission, all patients had significant
acquired reduction in the activity of AT III, PC and PS. However, the postoperative
activity of AT III (Figure 2) and PC (Figure 3) differed significantly between the two
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Table 2 Postoperative complications, n (%)
Postoperative complications

Desflurane group, n = 23

Control group, n = 23

Postoperative blood transfusion (red blood cells)

P value
0.555

0U

13 (56.5)

11 (47.8)

1U

10 (43.5)

10 (43.5)

2U

0

2 (8.7)

Bile leak

2 (8.7)

2 (8.7)

1.00

Deep vein thrombosis

2 (8.7)

1 (4.3)

0.555

Pneumonia

4 (17.4)

5 (21.7)

0.71

Variables are expressed as absolute and relative values (%). Fisher’s exact test was used for comparisons between the two groups.

Table 3 Matrix metalloproteinases and tissue inhibitors of metalloproteinases in the different groups
Groups
MMP2

MMP9

TIMP1

TIMP2

P (95%CI)

Desflurane

80.6 ± 42.3

Control

123.5 ± 51.7

Desflurane

178.5 ± 80.3

Control

449.9 ± 298.8

Desflurane

173.3 ± 87.6

Control

104.4 ± 39.7

Desflurane

154.4 ± 65.4

Control

90.6 ± 29.3

a

(-46.4 to 3.1)

b

(-473.9 to 203.1)

b

(25.9 to 104.3)

b

(35.7 to 93.6)

a

P < 0.05 statistical significance vs intervention group.
P < 0.01 statistical significance vs intervention group. Results are expressed as means and standard deviation. The t-test was used for between-groups
comparisons, resulting in P values and 95% confidence intervals (CIs, in brackets). MMP: Matrix metalloproteinase; TIMP: Tissue inhibitors of
metalloproteinase; CI: Confidence interval.
b

groups from POD 1 to POD 5. The intervention group showed a postoperative
moderate drop in the activities of both AT III and PC, while the control group showed
a substantial drop (Table 5).
INR and aPTT: Both groups showed significantly elevated INR postoperatively. At
baseline, there was no difference in INR between the two groups; however, from POD
1 to POD 5, INR in the intervention group was significantly lower than that in the
control group (Figure 4, Table 5). The aPTT did not differ significantly between the
two groups (Table 6).
Platelets: From POD 1, all patients showed a reduction in platelets in comparison to
preoperative levels (P < 0.05), although no differences were observed in platelet levels
between the two groups (Table 6).
Fibrinogen and D-d: Although fibrinogen and D-d levels increased from POD 1 to
POD 5 in all patients (P < 0.05), no statistically significant differences were observed
between the two groups (Table 6).
White blood cell count: White blood cell count was significantly lower in the
intervention group from POD 1 to POD 5, in comparison to that in the control group (
P < 0.02) (Table 6).
Serum glutamic oxaloacetic transaminase and serum glutamic pyruvic transaminase:
Both serum glutamic oxaloacetic transaminase and serum glutamic pyruvic
transaminase increased in the intervention and control groups in POD 2 and remained
elevated until POD 3. However, the intervention group showed a less extensive
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Table 4 Histological findings between the different groups, n (%)
Score

Desflurane group, n = 23

Control group, n = 23

0

9 (39)

NA

1

9 (39)

5 (23)

2

5 (23)

9 (39)

3

NA

9 (39)

0

11 (48)

7 (30)

1

7 (30)

9 (39)

2

3 (13)

4 (18)

3

2 (9)

3 (13)

0

11 (48)

9 (39)

1

10 (43)

10 (43)

2

2 (9)

4 (18)

P value

Neutrophil infiltration
b

Fibrosis
0.767

Steatosis
0.780

3

a

P < 0.05 statistical significance vs intervention group.
P < 0.01 statistical significance vs intervention group. Results are expressed as absolute and relative values. The χ2 test or Fisher’s exact test was used for
comparisons between the groups. NA: Not available.
b

increase on those days (P < 0.05). There were no significant differences in gammaglutamyl transferase or total bilirubin concentrations between the two groups
(Table 6).

DISCUSSION
Pharmacological preconditioning as a strategy for IRI prevention in humans has been
the focus of researchers in many fields of medicine[14,15], especially hepatic IRI.
Pharmacological interventions that transiently subject the liver to ischemic conditions
may lessen the systemic inflammatory response after surgery and enhance liver
function[22,23]. The inflammatory response complicating IR leads to induction of
MMPs[10], which have a key role in the inflammation process and their levels reflect the
severity of that process[24-26]. Desflurane preconditioning has been promisingly
associated with the upregulation of antiapoptotic molecules in an IRI model[27]. We
found that levels of MMP2 and MMP9 were significantly increased in the control
group, in comparison to the desflurane preconditioning intervention group. These
findings indicate, for the first time in a clinical trial, that preconditioning with
desflurane limits the anticipated rise in the concentration of MMPs following hepatic
IRI.
In a laboratory model, MMP2 activity was found to be reduced after
preconditioning in isolated rat hearts[28], while MMP2 inhibition halted IRI in a rat
myocardium IR model[29]. In an inducible nitric oxide synthase knockout mouse study,
researchers observed inhibition of MMP9 activity and mitigated leukocyte infiltration
and liver trauma[30]; Romanic et al[31] reported similar results in MMP9 knockout mice.
Taking into consideration the known physiologic and pathogenic actions of MMPs and
enhanced liver function after their inhibition in research models, MMPs represent a
significant topic of interest for investigation as they are directly involved in IR
injury[32,33].
In the present study, we showed that the post-hepatectomy characteristic infiltration
of neutrophils in the hepatic parenchyma was greater in the control group than in the
desflurane preconditioning group of patients. During the inflammatory process,
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Table 5 Relative changes between baseline and postoperative values in the two groups
Change, %

AT III

P (95%CI)

PC

P (95%CI)

a

Day 1

(4.6 to 15.4)

Desflurane

-17.9 ± 16.7

Control

-27.9 ± 14.9

-11.9 ± 13.2

Desflurane

-15.4 ± 16.6

Control

-27.3 ± 18.9

Day 3
-12.1 ± 16.6

Control

-31.1 ± 28.2

Day 4

40.1 ± 31.1
b

a

(10.2 to 18.9)

-8.3 ± 11.9

(-27.6 to -4.2)

17.9 ± 15.6

-22.9 ± 15.7

33.6 ± 28.2
a

(10.9 to 18.2)

a

(5.6 to 15.5)

(-26.8 to -4.1)

Desflurane

-12.3 ± 19.8

-1.4 ± 14.8

14.4 ± 20.1

Control

-23.7 ± 16.2

-11.9 ± 15.4

29.8 ±23.6

b

Day 5

a

(9.8 to 22.7)

(-39.5 to -11.7)

14.5 ± 20.1

-22.1 ± 16.5

a

b

(9.7 to 18.1)

-8.2 ± 10.1

(14.3 to 23.7)

Desflurane

27.5 ± 13.6
b

b

(-22.6 to -7.5)

12.5 ± 17.1

-20.9 ± 16.1
(5.3 to 18.5)

P (95%CI)
a

(2.2 to 13.5)

a

Day 2

INR

a

a

(2.5 to 14.3)

(-23.7 to -2.2)

Desflurane

-3.8 ± 17.7

3.3 ± 13.6

7.7 ± 18.7

Control

-12.4 ± 17.4

-5.5 ±11.5

22.2 ± 17.8

a

P < 0.05 statistical significance vs intervention group.
P < 0.01 statistical significance vs intervention group. AT III: Antithrombin III; CI: Confidence interval; INR: International normalized ratio; PC: Protein C.

b

recruitment of neutrophils is facilitated by nuclear factor-κappa beta (NF-κβ)
regulation of cytokine release [e.g., tumor necrosis factor alpha (TNFα), interleukin (IL)
1, and IL8] and the production of adhesion molecules [e.g., intercellular cell adhesion
molecule (ICAM) 1 and vascular cell adhesion molecule (VCAM) 1][34]. In parallel,
TNFα promotes NF-κΒ action as well as ICAM1 and MMP9 expression[35]. Desflurane
can halt these pathways through its direct inhibition of expression of adhesion
molecules[36], NF-κΒ and TNFα[37] all of which lead to decreased penetration of
neutrophils in the hepatic tissue. Therefore, our results indicate that preconditioning
with desflurane decreases the inflammatory response following hepatic IR, which in
turn protects the hepatic tissue. Regarding the pathology of hepatic parenchyma,
fibrosis and steatosis may be risk factors for intraoperative hemorrhage, transfusion
and postoperative complications[38,39]. However, histological results in the two groups
were similar.
Although, pharmacological anesthetic preconditioning, such as the administration
of volatile and intravenous anesthetics has been extensively studied, no conclusive
data recommend the use of a specific technique. In liver transplantation, especially in
living liver donors, optimization of liver function is of outmost importance. Desflurane
was questioned in this population and was found to be superior to sevoflurane and
isoflurane in two studies comparing postoperative hepatic function[40,41]. BeckSchimmer et al[20], in a randomized controlled trial of patients undergoing liver
surgery, showed that ischemic preconditioning with sevoflurane before inflow
occlusion dampened postoperative liver injury, even in patients with steatosis.
Nguyen et al[42] also pointed that hepatectomy patients receiving sevoflurane,
presented better liver function postoperatively. However, the protective effect of
pharmacological preconditioning with volatile anesthetics on the remnant liver has
been disputed by findings from other studies[43].
With regard to coagulation parameters, our study showed that in the desflurane
preconditioning group, the activity of AT III and PC showed a moderate drop
postoperatively, while the control group experienced a substantial drop. In addition,
INR in the desflurane preconditioning intervention group was significantly lower in
comparison to that in the control group, in the postoperative period. Coagulation
system homeostasis is frequently impaired in patients undergoing major surgery,
especially in those indicated for hepatectomy[44-46]. The coagulopathy present in
surgical patients is associated with the marked depletion and decreased activity of the
endogenous regulators of blood coagulation[47]. Numerous studies have provided

WJH

https://www.wjgnet.com

1106

November 27, 2020

Volume 12

Issue 11

Koraki E et al. Desflurane preconditioning in hepatectomies

Table 6 Postoperative course of coagulation and inflammation laboratory indices
Day

Group

WBCs (103 SGOT
/μL)
(U/L)

SGPT
(U/L)

γ-GT
(U/L)

Tbil
(mg/dL)

Fib
(g/L)

Plts (109 D-dimer
/L)
(μg/mL)

Protein S
(%)

aPTT (s)

0

Control

6.1 ± 1.6

30 ± 13

44 ± 30

47 ± 26

0.78 ± 0.45

2.4 ± 0.5

229.2 ± 78 0.57 ± 0.3

83.5 ± 12

26 ± 1.4

Desflurane

5.8 ± 1.8

29 ± 10

38 ± 33

39 ± 24

0.72 ± 0.36

2.4 ± 0.4

202.5 ± 92 0.55 ± 0.3

84.1 ± 14

26.2 ± 1.6

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

Control

8±2

32 ± 16

44 ± 32

50 ± 24

0.88 ± 0.48

3.6 ± 1

126.1 ± 32 3.8 ± 1.4

60.8 ± 11

28 ± 2

Desflurane

6 ± 1.8

26 ± 10

39 ± 23

37 ± 22

0.69 ± 0.38

2.7 ± 0.6

168.3 ± 86 2.6 ± 1.3

64.8 ± 16

27.8 ± 3

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

P
1

b

P
2

11.6 ± 6.4

395 ± 256

373 ± 263

113 ± 96

1.91 ± 0.94

3.2 ± 0.8

130.5 ± 29 4.1 ± 0.9

60 ± 12

31 ± 4.8

Desflurane

9.2 ± 4.7

197 ± 83

227 ± 170

140 ± 109

1.65 ± 0.83

2.9 ± 0.5

160.2 ± 81 3.7 ± 1.1

65.4 ± 14

28 ± 3.9

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

a

12.5 ± 3.8

543 ± 395

395 ± 326

129 ± 106

2.29 ± 1.22

2.9 ± 0.7

137.8 ± 89 4.2 ± 2.3

59.9 ± 13

29.5 ± 3.7

Desflurane

10.1 ± 2

256 ± 140

197 ± 83

131 ± 70

2.4 ± 1.72

3.06 ±
0.6

146.2 ± 54 4.9 ± 3.1

66.6 ± 14

27.2 ± 2.5

b

a

a

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

Control

11.7 ± 2.9

187 ± 109

304 ± 236

124 ± 107

1.31 ± 0.72

3 ± 0.4

166.4 ± 51 3.9 ± 1.4

67 ± 12

28 ± 2.6

Desflurane

9.9 ± 2.1

137 ± 102

177 ± 106

101 ± 93

1.6 ± 1.1

3.5 ± 0.9

157.2 ± 41 4.1 ± 1.1

77 ± 14

26 ± 2.7

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

b

P
5

> 0.05

Control

P
4

> 0.05

Control

P
3

> 0.05

> 0.05

> 0.05

Control

9.5 ± 2.8

105 ± 89

135 ± 81

120 ± 73

0.88 ± 0.48

3.2 ± 0.5

186.3 ± 31 3.2 ± 1.6

85 ± 11

26.7 ± 3

Desflurane

8.2 ± 2

84 ± 71

162 ± 91

92 ± 66

0.69 ± 0.38

4.1 ± 0.6

176.5 ± 76 3.6 ± 1.6

87 ± 16

25.9 ± 3

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

a

P

> 0.05

a

P < 0.05 statistical significance vs intervention group.
P < 0.01 statistical significance vs intervention group. WBCs: White blood cells; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic
pyruvic transaminase; γ-Gt: Gamma-glutamyl transferase; Tbil: Total bilirubin; Fib: Fibrinogen; Plts: Platelets; aPTT: Activated partial thromboplastin time.
b

evidence of the platelet count being reduced while INR, PT and aPTT are increased in
the first PODs after hepatectomy[47-49], which coincides with the results of our study.
Cerruti et al[48] studied the perioperative coagulation profile of living liver donors with
the use of routine tests, including those for platelet count, PT-INR and aPTT, as well as
testing by thromboelastogram. They reported that in the postoperative period, despite
the presence of decreased platelet counts, increased PT-INR and normal aPTT values,
thromboelastogram demonstrated the progressive development of hypercoagulability.
The complex interaction between coagulation and inflammation may provide insight
into derangements of both pathways[50]. Our findings indicate that preconditioning
with desflurane may prevent coagulopathies following hepatectomy. The attenuated
indices in either pathway may be at least partially attributed to the effect of desflurane
on inflammatory mediators. In terms of intraoperative transfusion, the rate is
relatively high in both arms compared to the literature despite the use of low central
venous pressure[51]. The Pringle maneuver prevents bleeding only from portal inflow
but cannot control backflow bleeding from hepatic veins. Thus, blood loss occurs
during both transection and reperfusion of the liver. This may also be attributed to the
characteristics of the population which includes mostly hepatic tumors and extensive
resections[52].
Except for the molecular and biochemical findings, total length of hospital stay was
significantly shorter in the intervention group. This may have socioeconomic
implications including reduced cost of hospitalization and greater patient satisfaction.
Further prospective cohorts should be designed to identify superiority of any
pharmacological regimen in relation to outcomes of survival and morbidity[53].
Lastly, this is the first study to investigate the role of desflurane as a volatile
preconditioning factor in liver resection. The study is a well-designed and performed
randomized controlled trial with excellent allocation concealment, as the surgeon was
blinded to the preconditioning intervention. Furthermore, all the hepatectomies were
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Figure 1 Flow diagram of study design.

performed by the same expert hepatobiliary surgeon, in order to avoid bias due to
inter-surgeon differences in operation techniques. In this study, hepatic IRI was
assessed from different aspects, including levels of MMPs, neutrophil infiltration of
hepatic parenchyma, and coagulation status. However, as with all studies, a limitation
exists; that being, our inability to assess the coagulation status of the patients by
thromboelastography. In addition, a larger scale study focusing on more pathways of
inflammation and coagulation may be needed in order to elucidate the potential
mechanisms of IRI that can be inhibited and introduce desflurane preconditioning in
clinical practice.

CONCLUSION
To summarize, desflurane preconditioning was shown to decrease the inflammatory
response and ameliorate the coagulation status following hepatic IRI, thereby
protecting hepatic tissue in patients undergoing hepatectomy.
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Figure 2 Antithrombin activity compared between groups. The t-test was used for between-groups comparisons, resulting in P values and 95%
confidence intervals (CIs, provided in brackets). aP < 0.05 statistical significance between desflurane vs control group, bP < 0.01 statistical significance between
desflurane vs control group. ATIII: Antithrombin III.
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Figure 3 Protein C activity compared between groups. The t-test was used for between-groups comparisons, resulting in P values and 95% confidence
intervals (CIs, provided in brackets). aP < 0.05 statistical significance between desflurane vs control group, bP < 0.01 statistical significance between desflurane vs
control group.
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Figure 4 International normalized ratio between groups. The t-test was used for between-groups comparisons, resulting in P values and 95% confidence
intervals (CΙs, in brackets). aP < 0.05 statistical significance between desflurane vs control group, bP < 0.01 statistical significance between desflurane vs control
group. INR: International normalized ratio.

ARTICLE HIGHLIGHTS
Research background
The primary cause of morbidity and mortality in hepatectomies is ischemiareperfusion injury (IRI).

Research motivation
Understanding the pathophysiology accompanying IRI can offer novel therapeutic
targets. Metalloproteinases have been identified as regulators of IRI, and ischemic
preconditioning has shown promising results in attenuating IRI.

Research objectives
Our aim was to investigate the effect of ischemic preconditioning with desflurane,
primarily on metalloproteinases and their inhibitors, and on the indices of liver and
coagulation function.

Research methods
Patients undergoing liver resection were randomized to receive pharmacologic
preconditioning with desflurane or not. Blood samples and liver tissue specimens
were collected for laboratory analysis.

Research results
Desflurane preconditioning resulted in an attenuated inflammatory response
compared to the control group.

Research conclusions
Desflurane preconditioning may be effective in ameliorating IRI in hepatectomies, as
indicated by the reduction in the expression of matrix metalloproteinases observed in
the intervention group. Large scale studies are needed to verify our findings, with data
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on long-term clinical outcomes.

Research perspectives
Metalloproteinases may represent a useful target for managing IRI after hepatectomy.
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Abstract
BACKGROUND
Conventional coagulation tests are widely used in chronic liver disease to assess
haemostasis and to guide blood product transfusion. This is despite the fact that
conventional tests do not reliably separate those with a clinically significant
coagulopathy from those who do not. Viscoelastic testing such as
thromboelastography (TEG) correlate with bleeding risk and are more accurate in
identifying those who will benefit from blood product transfusion. Despite this,
viscoelastic tests have not been widely used in patients with chronic liver disease
outside the transplant setting.
AIM
To assess the utility of Viscoelastic Testing guided transfusion in chronic liver
disease patients presenting with bleeding or who require an invasive procedure.
METHODS
PubMed and Google Scholar searches were performed using the key words
“thromboelastography”, “TEG” or “viscoelastic” and “liver transplantation”,
“cirrhosis” or “liver disease” and “transfusion”, “haemostasis”, “blood
management” or “haemorrhage”. A full text review was undertaken and data was
extracted from randomised control trials that evaluated the outcomes of
viscoelastic test guided transfusion in those with liver disease. The study subjects,
inclusion and exclusion criteria, methods, outcomes and length of follow up were
examined. Data was extracted by two independent individuals using a
standardized collection form. The risk of bias was assessed in the included
studies.
RESULTS
A total of five randomised control trials included in the analysis examined the use
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of TEG guided blood product transfusion in cirrhosis prior to invasive procedures
(n = 118), non-variceal haemorrhage (n = 96), variceal haemorrhage (n = 60) and
liver transplantation (n = 28). TEG guided transfusion was effective in all five
studies with a statistically significant reduction in overall blood product
transfusion compared to standard of care. Four of the five studies reported a
significant reduction in transfusion of fresh frozen plasma and platelets. Two
studies showed a significant reduction in cryoprecipitate transfusion. No
increased risk of bleeding was reported in the three trials where TEG was used
perioperatively or prior to an invasive procedure. Two trials in the setting of
cirrhotic variceal and non-variceal bleeding showed no difference in control of
initial bleeding. In those with variceal bleeding, there was a statistically significant
reduction in rate of re-bleeding at 42 d in the TEG arm 10% (vs 26.7% in the
standard of care arm P = 0.012). Mortality data reported at various time points for
all five trials from 6 wk up to 3 years was not statistically different between each
arm. One trial in the setting of non-variceal bleeding demonstrated a significant
reduction in adverse transfusion events in the TEG arm 30.6% (vs 74.5% in the
control arm P < 0.01). In this study there was no significant difference in total
hospital stay although length of stay in intensive care unit was reduced by an
average of 2 d in the TEG arm (P = 0.012).
CONCLUSION
Viscoelastic testing has been shown to reduce blood product usage in chronic liver
disease without compromising safety and may enable guidelines to be developed
to ensure patients with liver disease are optimally managed.

Ruiz-Margáin A

S-Editor: Gong ZM
L-Editor: A
P-Editor: Li JH

Key Words: Viscoelastic testing; Thromboelastography; Rotational thrombelastometry;
Coagulation; Chronic liver disease; End stage liver disease; Cirrhosis; Haemostasis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Conventional coagulation tests do not predict bleeding or thrombosis risk in
liver cirrhosis. Viscoelastic testing such as thromboelastography is a point of care test
which can better predict clinically significant coagulopathy and the need for blood
product transfusion compared to conventional coagulation tests. Randomized control
trials have shown the clinical benefits of viscoelastic testing in liver cirrhosis in the
perioperative setting and in those presenting acutely with bleeding. The primary aim of
this systematic review is to verify the utility of viscoelastic testing guided transfusion
in chronic liver disease patients presenting with bleeding or who require an invasive
procedure.

Citation: Wei H, Child LJ. Clinical utility of viscoelastic testing in chronic liver disease: A
systematic review. World J Hepatol 2020; 12(11): 1115-1127
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1115.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1115

INTRODUCTION
The liver plays a fundamental role in maintaining normal haemostasis. It synthesises
the majority of clotting factors and anticoagulants and is involved in the regulation of
platelet production through the synthesis of thrombopoietin (TPO). Chronic liver
disease is associated with complex changes that result in a state of rebalanced
homeostasis, where abnormalities in procoagulant factors are balanced by changes to
anticoagulant factors[1,2]. The most significant changes to coagulation are summarised
in Table 1[2-5].
Conventional coagulation tests such as prothrombin time (PT), international
normalised ratio (INR) and activated partial thromboplastin time (APTT) are
commonly used to assess haemostasis in patients with chronic liver disease. This is
despite the fact these tests were never developed to provide information on complex
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Table 1 Rebalanced haemostasis in chronic liver disease

Primary haemostasis

Secondary haemostasis/coagulation

Procoagulant factors

Anticoagulant factors

Increased vWF

Thrombocytopenia

Reduced ADAMTS13

+/- platelet dysfunction

High FVIII

Reduced synthesis of FII, FV, FVII, FIX and FXI

Reduced protein C, protein S and antithrombin

Dysfibrinogenaemia
Low fibrinogen (in end stage disease)

Fibrinolysis

Low plasminogen

Low antiplasmin
Low TAFI

High PAI-1

High tPA

ADAMTS13: A disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; PAI-1: Plasminogen activator inhibitor-1; TAFI:
Thrombin-activatable fibrinolysis inhibitor; tPA: Tissue plasminogen activator; vWF: von Willebrand factor.

haemostatic abnormalities and are not validated for predicting bleeding or thrombosis
risk in cirrhosis[5]. Conventional coagulation tests only measure the first 5%-10% of
fibrin formation and provide no information on clot strength and stability, in vivo
activity of natural anticoagulants or the complex interaction between clotting factors,
platelets and the endothelium[1]. While increases in PT and INR are associated with
mortality in liver disease, there is no correlation between a raised PT, INR or APTT
and risk of bleeding[3]. A systematic review published in 2005 found no correlation
between a prolonged PT and bleeding risk in patients undergoing liver biopsy[6]. Preoperative PT/INR is also not predictive of bleeding risk in those undergoing liver
transplantation[5,7].
Fresh frozen plasma (FFP) is often transfused in an attempt to normalise PT/INR in
patients with liver disease[3,5]. Major societal guidelines differ in their
recommendations on the management of cirrhotic patients with gastrointestinal
bleeding and abnormal coagulation profiles. The American Association for the Study
of Liver Disease does not recommend correcting an abnormal INR in cirrhotic patients
with portal hypertensive bleeding[8]. In contrast, the British Society of Gastroenterology
and the American Society for Gastrointestinal Endoscopy recommended correction of
an abnormal INR in patients with acute variceal bleeding[9,10]. Despite these
recommendations, there is a lack of data to support the use of FFP in this setting.
Multiple studies have demonstrated that transfusion of FFP has minimal in vivo effect
on a mildly prolonged PT/INR in patients with liver disease[3,5]. Other studies have
demonstrated that thrombin generation, a dynamic and global measure of clot
formation, remains normal in patients with cirrhosis despite a prolonged PT/INR and
APTT[11-13]. The use of FFP in patients with cirrhosis is not without harm and
epidemiological studies have shown an increased risk of transfusion associated acute
lung injury (TRALI)[14]. FFP administration also results in volume expansion which can
exacerbate portal hypertension, paradoxically increasing the risk of variceal
bleeding[15].
The concept of rebalanced haemostasis in liver disease and limitations of the
conventional tests of coagulation has led to renewed interest in the use of global
haemostatic assays including viscoelastic tests of coagulation (VETs) in patients with
liver disease[2]. Compared to conventional tests, VETs such as thrombelastography
(TEG) or rotational thrombelastometry (ROTEM) provide real time global assessment
of clot formation in whole blood and information on the interaction between platelets
and coagulation factors[3]. The general concept of TEG and an example of a normal
trace are provided in Figures 1 and 2. Table 2 provides a comparison of TEG and
ROTEM parameters.

Relevance of this review
The use of VETs to guide perioperative transfusion is well established and widely
used in liver transplantation[2]. Despite this, VETs are not commonly used in patients
with chronic liver disease outside the transplant setting. Observational and cohort
studies in patients with liver disease have shown that alterations in TEG parameters
correlate with bleeding risk. Pre-operative TEG MA is highly predictive of massive
transfusion during liver transplantation[16]. Unlike conventional tests of coagulation,

WJH

https://www.wjgnet.com

1117

November 27, 2020

Volume 12

Issue 11

Wei H et al. Clinical utility of viscoelastic testing in chronic liver disease

Table 2 Comparison of thromboelastography and rotational thrombelastometry parameters
Measurement

TEG

ROTEM

Period of initial fibrin
formation

Time (min) to reach an amplitude of 2 mm

Reaction time (R)

Clotting time

Clot kinetics

Time (min) for clot amplitude to increase from 2 mm to 20 mm

Kinetics time (K)

Clot formation time

Clot kinetics

Angle of tangent line from clot initiation to the slope of the
developing curve

Alpha angle (α)

Alpha angle (α)

Maximum clot strength

Peak amplitude (mm)

Maximum amplitude

Maximum clot
firmness

Clot stability/fibrinolysis

Percent reduction in curve at 30 and 60 minutes

Lysis 30 (LY30) and lysis 60
(LY60)

Lysis index 30 (LI 30)

TEG: Thromboelastography; ROTEM: Rotational thrombelastometry.

Figure 1 Technique of thromboelastography. Whole blood is pipetted into a cup which then rotates around a pin. As clot forms, the resistance to rotation
increases. This resistance is measured via an electromechanical transducer and displayed graphically with additional calculations performed by an integrated
computer. Thromboelastography (TEG) was originally performed on non-citrated whole blood and required up to 60 min to complete. Citrated blood, re-calcified at the
time of testing, is now commonly used and reduces the turnaround time to 30 min. Initiators of clotting such as Kaolin can also be added which further reduces test
time. TEG has a faster turnaround time than conventional coagulation tests with initial results available within 10 min.

TEG has also been shown to predict re-bleeding in acute variceal haemorrhage[17]. In
cirrhotic patients with an acute infection, TEG parameters become hypocoagulable
suggesting that cirrhotic patients have little haemostatic reserve. These observations
explain the established link between infection and variceal bleeding in chronic liver
disease[17,18].
As abnormalities on conventional tests of coagulation do not correlate with bleeding
risk they cannot be used to distinguish between surgical or anatomic causes of
bleeding such as portal hypertension and bleeding due to an underlying
coagulopathy. Recent randomised control trials suggest that VETs have the potential
to more accurately identify those who will benefit from blood product transfusion
thereby avoiding unnecessary transfusions which has financial, resource and safety
implications[19-23]. VETs may enable consistent and evidence-based guidelines to be
developed to ensure that patients with liver disease, are optimally managed.
The aim of this systematic review is to assess the benefits and harms of using
viscoelastic tests to guide blood product transfusion in patients with chronic liver
disease who present with bleeding or require invasive procedures. To ensure that
implementation of TEG and ROTEM is both safe and efficacious, this review will
compare VETs with the conventional tests of coagulation and evaluate the implications
of using TEG and ROTEM in patients with chronic liver disease.
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Figure 2 Example of a thromboelastography tracing. Five parameters are routinely measured on thromboelastography (TEG). The reaction (R) time is
recorded in minutes and measures the time taken from the start of blood clotting until initial fibrin formation, defined as when the TEG trace amplitude reaches 2 mm.
R is dependent on coagulation factors and generally corresponds to INR/PT. The kinetic (K) time assesses the rate of clot formation. It is measured from R to the
point where the trace amplification reaches 20 mm which corresponds to standard clot firmness. The K value is dependent on the clotting factors of the intrinsic
pathway, fibrinogen and platelets. The α-angle also corresponds to the kinetics of clot formation and is measured from a line drawn from the base-line to the tangent
of the curve at R. The maximum amplitude (MA) of the trace reflects clot strength and is largely dependent on platelet count/ function and to a lesser extent,
fibrinogen concentration. Clot lysis is measured at 30 min (Ly-30) and reflects the degree of fibrinolysis.

MATERIALS AND METHODS
This article adheres to the Preferred Reporting Items for Systemic Reviews and MetaAnalysis (PRISMA) guideline[24].

Criteria for considering studies for this review
Types of studies: We included original, randomised control trials that have been
published in a medical journal in the English language irrespective of the blinding
status. We excluded unpublished or observational trials from the analysis. Studies
published in a language other than English were also excluded.
Types of participants: We included trials that examined the use of VETs in adult
patients with chronic liver disease who presented with bleeding or required an
invasive procedure. Trials involving children were excluded. There were no other
subgroups of patient population that were excluded.
Types of interventions: We included trials comparing VET guided transfusion
strategy with conventional tests of coagulation. Given the lack of consensus regarding
transfusion strategies with conventional tests of coagulation, transfusion in the
conventional care arm could be defined by the standard of care or guidelines that were
in place at the centre performing the randomised control trial.

Types of outcome measures
Primary outcome: Amount of blood products transfused. The amount of fresh frozen
plasma, platelets and fibrinogen transfused were assessed. This includes the
proportion of patients requiring transfusion of each blood product and the average
amount of blood products transfused per patient.
Secondary outcomes: (1) Rates of bleeding in those undergoing an invasive procedure;
(2) Rates of rebleeding in those presenting with bleeding; (3) Rates of adverse events
related to blood transfusion; (4) Overall mortality using the longest follow-up data
from each trial; (5) Length of stay in the intensive care unit; and (6) Number of days in
hospital.

Search methods for identification of studies
Electronic searches: A literature search was performed on MEDLINE (PubMed) and
Google Scholar to identify original, English language articles assessing the use of VETs
in patients with chronic liver disease. MEDLINE and Google Scholar were chosen
primarily because of the large number of individual articles and range of journals that
are included on these databases. In addition, MEDLINE targets healthcare
professionals and researchers ensuring that the articles are relevant. It is authoritative
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and peer-reviewed so that the research included is well-designed and statistics are
accurately represented. The search included articles published up until the 17th of
November 2019.
Selection of studies and data extraction: The following search string was used on
PubMed: [(thromboelastography OR TEG OR viscoelastic) AND (“liver
transplantation” OR cirrhosis OR liver disease) AND (transfusion OR haemostasis OR
“blood management” OR haemorrhage)].
The following search string was used on Google Scholar: All of the words
(thromboelastography, TEG, viscoelastic, liver transplantation, cirrhosis, liver disease,
transfusion, haemostasis, blood management, haemorrhage).
The titles and abstracts of the articles were screened using the predefined inclusion
and exclusion criteria detailed above. A full text review was then undertaken on the
articles that met the inclusion criteria. Data was extracted from randomised control
trials that evaluated the outcomes of VET guided transfusion in those with liver
disease. The study subjects, inclusion and exclusion criteria, methods, outcomes and
length of follow up were examined.
Data was extracted by two independent individuals using a data extraction form
developed for this purpose. The risk of bias was assessed in the included studies by
use of the Cochrane Collaboration tool for assessment of risk of bias[25].

RESULTS
Results of the search
The MEDLINE search generated 348 results and the Google scholar search generated
483 results. There were 71 duplicates across the two databases which left a total of 760
results. Five articles met the eligibility criteria based on title and abstract review and
were included in the analysis following full text review (Figure 3)[19-23].

Analysis of the randomised control trials
Included studies: The five randomised control trials included in the analysis
examined the use of TEG in guiding blood product transfusion[19-23]. None of the
studies utilised ROTEM. A range of different TEG methods were used. One trial used
the TEG5000 analyser with native blood[21] whereas another two trials used the
TEG5000 analyser with a kaolin activator[20,23]. Two trials used the MonoTEM-A
analyser on native whole blood[19,22]. As a consequence of the differing TEG analysers
and methodology used, the thresholds for TEG guided transfusion differed
significantly between the clinical trials (Table 3). The thresholds for transfusion were
consistent across the studies utilising the same TEG analyser and method.
All clinical trials utilised conventional coagulation tests as the control. The
thresholds for transfusion were based on major societal guidelines and the thresholds
for transfusion of FFP and platelets were consistent across all five studies. FFP was
administered when the INR was ≥ 1.8 (PT used in one study[20]) and platelets
transfusion when the platelet count was < 50 × 109[19-23].
The included trials examined the utility of TEG in guiding blood product
transfusion in a variety of settings. One randomised control trial examined the use of
TEG in orthotopic liver transplantation[20]. Two trials examined the use of TEG prior to
invasive procedures[19,21]. One trial examined the use of TEG in patients presenting with
a variceal bleeding[22] and the final study examined the use of TEG in cirrhotic patients
with non-variceal bleeding[23].
The study by Wang et al[20] in the setting of orthotopic liver transplantation was
relevant to investigate the consistency of TEG to safely guide transfusion therapies in
the setting of major surgery. This study included advanced liver disease patients with
an overall model for end-stage liver disease score of 11.3 and deranged coagulation
parameters considered to be at high risk of bleeding. These were patients who had
similar baseline factors and definitions of coagulopathy compared to the two
randomized trials examining the use of TEG prior to invasive procedures outside of
the transplant setting[19,21].
Risk of bias in the included studies: The overall methodologic quality of the studies
was moderate to high (Figure 4) with an overall low risk of bias seen in 2 of the 5
studies (40%) [22,23] and no studies demonstrating an overall high risk of bias. The
randomisation process was satisfactorily performed in 40% of the studies[22,23] and data
regarding deviations from the pre-set protocol was satisfactorily reported in

WJH

https://www.wjgnet.com

1120

November 27, 2020

Volume 12

Issue 11

Wei H et al. Clinical utility of viscoelastic testing in chronic liver disease

Table 3 Randomised control trials assessing the use of thromboelastography in liver disease
Ref.

Year

No. of
patients

Method of
TEG

TEG thresholds for
transfusion

SOC thresholds for
transfusion

Wang
et al[20]

2010

28

TEG 5000

FFP titrated to maintain
R time < 10 min

14 TEG

Kaolin
activated

14 SOC

De Pietri
et al[21]

2016

Outcomes: Blood product usage

Outcomes: Other

FFP titrated to maintain PT
and APTT at less than one
and a half times control

Statistically significant reduction in FFP use in TEG group (12.8 units in TEG
group vs 21.5 units in control group, P < 0.05)

Trend towards reduction in blood loss in the
TEG arm (not statistically significant)

5 pooled units of
cryoprecipitate when
alpha angle < 45
degrees**

Platelets to maintain a
platelet count ≥ 50 × 109

No reduction in RBC, Platelet or cryoprecipitate use

No statistically significant difference in
mortality at 3 yr

FFP, 10 mL/kg*** when
R time > 40 min1

FFP, 10 mL/kg*** when INR Statistically significant reduction in FFP use in TEG group. (Total amount of
> 1.8
FFP transfused in those undergoing a low risk procedure: 4000 mL in TEG
group vs 11050 mL in SOC group, P = 0.002) (Total amount of FFP transfused
in those undergoing a high-risk procedure: 0 mL in TEG group vs 6500 mL in
SOC group)

No statistically significant difference in
periprocedural bleeding complications.

SDAP when MA < 30
mm*

SDAP when platelets < 50 ×
109*

Statistically significant reduction in platelets transfused. (6.7% required a
platelet transfusion in the TEG arm vs 33.3% in the SOC arm, P = 0.021)

Periprocedural bleeding events were rare with
only one patient experiencing post procedure
bleeding.

FFP, 5 mL/kg*** when INR
> 1.8

Statistically significant reduction in FFP use. (13.3% receiving FFP in the TEG
group vs 46.7% in the SOC group P = 0.010. 1345 ml LFFP transfused in the
TEG group vs 4605 mL in the SOC)

No difference in initial control of bleeding

SDAP when MA < 55
mm*

60

TEG 5000

30 TEG

Native blood
(no activators)

30 SOC

Rout
et al[22]

2019

60
30 TEG
30 SOC

Kumar
et al[23]

2019

MonoTEM-A® FFP, 5 mL/kg*** when R
time > 15 min
Native (no
activators)
3 pooled units of platelets
when MA < 30 mm*

96

TEG 5000

49 TEG

Kaolin
activated

47 SOC

Cryoprecipitate to maintain
fibrinogen > 1 g/L

3 pooled units of platelets
when platelet count < 50 ×
109*

No difference in rates of re-bleeding at 5 d
Statistically significant reduction in platelets transfused (10% in TEG group vs
70% SOC group P < 0.001. Total vol. of platelets transfused: 450 mL platelets in
the TEG group vs 3450 mL in the SOC)

Statistically significant reduction in rebleeding
at 42 d (10% in the TEG group vs 36.7% in SOC,
P = 0.012)

No difference in RBC transfusion

No difference in mortality at 6 wk (13.3% in TEG
group vs 26.7% in SOC, P = 0.176)
Statistically significant reduction in transfusion
related adverse events (30.6% in TEG group vs
74.5% in SOC P < 0.01)2

FFP, 10 mL/kg*** when
R time > 10 min

FFP, 10 mL/kg*** if INR >
1.8

Statistically significant reduction in FFP use (Total FFP transfused 440 mL in
TEG vs 880 mL in SOC, P < 0.01)

SDAP when MA < 55
mm*

SDAP when platelets < 50 ×
109*

Statistically significant reduction in platelets transfused (Average of 1 SDAP
unit per patient in TEG group vs 2 SDAP units in SOC, P < 0.01)

5 pooled units of
cryoprecipitate when
alpha angle < 45
degrees**

5 pooled units of
cryoprecipitate if fibrinogen
< 80 mg/dL**

Statistically significant reduction in ICU length
of stay (median of 2 d in TEG arm vs 3 d in SOC.
P = 0.012)
Statistically significant reduction in amount of cryoprecipitate used. (4 units in
TEG group vs 16 in SOC group. P < 0.01)
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No difference in 5-d and 42-d mortality
Vuyyuru
et al[19]

2019

58
29 TEG
29SOC

MonoTEM-A® FFP 5 mL/kg when R
FFP 5 mL/kg*** if INR ≥ 1.8
time > 14 min***
Native (no
activators)
3 pooled units of platelets 3 pooled units of platelets
when MA < 32 mm*
when platelet count < 50 ×
109*

No statistically significant difference in the amount of FFP transfused (24.1%
requiring FFP in the TEG group vs 27.6% in the SOC, P = 0.764)

No difference in post procedure bleeding
complications (0% in both groups)

Statistically significant reduction in platelets transfused (10.3% requiring
platelet transfusion in the TEG group vs 75.9% in the SOC group, P < 0.001)

No difference in pre and post procedure
haemoglobin levels (TEG group: 11.3 ± 2.1 g/dL
vs 11.2 ± 2.0 g/dL, P = 0.979; SOC group: 10.4 ±
2.1 g/dL vs 10.2 ± 2.0 g/dL, P = 0.205)

*In the above clinical trials, 1 SDAP unit corresponds to 6-8 pooled platelet units from whole blood donation. **When whole blood is used as the source for cryoprecipitate, 5 pooled units of is equivalent to 700 mg of fibrinogen. ***Ideal
body weight used.
1
Natural whole blood used without added activators. Normal R time using this TEG method is 12-26 min.
2
Higher than expected adverse reaction rate, including TRALI rates, not discussed in the paper. No information given about type of blood components used i.e., leucodepleted vs non-leucodepleted. APTT: Activated partial thromboplastin
time; FFP: Fresh frozen plasma; INR: International normalised ratio; MA: Maximum amplitude; PT: Prothrombin time; R: Reaction time; RBC: Red blood cells; SDAP: Single donor apheresis platelets; SOC: Standard of care; TEG:
Thromboelastography.

60%[19,22,23]. None of the studies included had missing outcome data or selective
outcome reporting.

Effects of Interventions on the primary outcomes
All five studies reported a statistically significant reduction in overall blood product
use with TEG guided transfusion[19-23]. The trials reported different outcomes with
regards to the transfusion of specific blood products such as FFP, platelets,
cryoprecipitate and red blood cells.
Four of the five studies reported a statistically significant reduction in FFP use[20-23].
In those presenting with variceal bleeding, 13.3% required FFP in the TEG arm
compared to 46.7% in the conventional arm (P = 0.010)[22]. The absolute volume of FFP
transfused was also markedly reduced in the TEG arm where 1345 mL of FFP was
transfused compared with 4605 mL in the control arm[22]. The two studies examining
the use of TEG prior to invasive procedures yielded different results with one trial
showing a significant reduction in FFP use and the other showing no difference[19,21].
The two trials used different TEG analysers and methodology. As such, the transfusion
thresholds in the TEG arm cannot be compared although the transfusion thresholds in
the control group were identical. While not statistically significant, the trial which did
not show a difference in FFP use had a higher number of patients with Childs Pugh B
and C in the TEG arm than in the control arm (55.2% vs 31%)[19]. As the haemostatic
rebalance is often lost in those with very advanced liver failure, this may have
impacted on the results[26].
A statistically significant reduction in platelet transfusion was also reported in four
of the five clinical trials[19,21-23] with no difference seen in the liver transplant trial[20].
Both trials that examined the use of TEG in cirrhotic patients requiring invasive
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Figure 3 PRISMA flow diagram.

Figure 4 Author-judged risk of bias for each included study.

procedures showed significantly lower rates of platelet use[19,21]. In one study, 13.3%
required platelet transfusion in the TEG group versus 46.7% in the control group (P <
0.001)[22]. Again, the total volume transfused was markedly lower with 450mL
transfused in the TEG group vs 3405 mL in the standard of care arm[22].
The amount of cryoprecipitate transfused was only measured in two trials[20,23]. In
the liver transplant trial, there was no statistically significant difference in
cryoprecipitate transfusion between the two groups[20]. In the study examining the use
of TEG in those with non-variceal bleeding a statistically significant reduction was
seen where 4 units of cryoprecipitate were used in the TEG group compared with 16 in
the standard of care group (where each unit consisted of 5 pooled units of
cryoprecipitate)[23].

Effects of intervention on the secondary outcome
Rates of bleeding in those undergoing an invasive procedure: There was no
statistically significant difference in blood loss and/or bleeding events in the three
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trials which examined the use of TEG perioperatively or prior to an invasive
procedure[19-21]. One trial measured the haemoglobin levels prior to and following each
invasive procedure and found no significant difference in the levels between the TEG
group and control group[19]. In all three studies, periprocedural bleeding rates were
low in both [19-21]. Despite several patients having Childs-Pugh B and C disease, one
study reported no bleeding complications in either arm following high-risk procedures
including percutaneous liver biopsies[19].
Rates of rebleeding in those presenting with bleeding: Two trials examined the use
of TEG in cirrhotic patients presenting with bleeding complications[22,23]. There was no
difference in the ability to control initial bleeding between the TEG and conventional
care groups. In those presenting with variceal bleeding, there was a statistically and
clinically significant difference in the rate of re-bleeding at 42 d. 10% of those in the
TEG group re-bled compared to 26.7% in the standard of care arm (P = 0.012)[22]. In the
study of patients with non-variceal bleeding, no significant difference in rebleeding
was seen at up to 42 d follow up[23].
Rates of adverse events related to blood transfusion: The rates of transfusion
reactions and/or adverse events were reported in four out of the five studies[19,21-23]
with no data available from the liver transplantation study[20]. Only one trial
demonstrated a statistically significant reduction in adverse events related to
transfusion where 30.6% had an adverse event in the TEG group versus 74.5% in the
control arm[23]. These reaction rates are much higher than expected even in this highrisk population. The authors report a TRALI rate of 12.2% in the TEG arm versus
48.9% in the conventional arm[23]. The transfusion reactions were independently
assessed by a panel of 3 experts to ensure appropriate classification. There is no
mention of whether non-leucodepleted products were used in this trial which could
potentially explain these unexpected results. In all other trials, transfusion reactions
occurred infrequently with only two patients in all of the control groups and zero
patients in the TEG groups experiencing an adverse transfusion event[19-22].
Overall mortality using the longest follow-up data from each trial: Mortality data
was reported at various time points for all five trials with no statistically significant
difference reported between the TEG group and control arm in any study[19-23]. In the
liver transplant trial, there was no difference in overall survival at 3 years[20]. In the
variceal bleeding trial, the mortality rate was high in both arms as one might expect in
this high-risk population. The mortality rate was 13.3% at 6 wk in the TEG arm versus
26.7% in the control arm with a P value of 0.76[22]. The small number of participants
included in each individual trial means that not all trials were adequately powered to
assess a statistically significant difference in mortality.
Length of stay in the intensive care unit: Only one trial reported on length of stay in
the intensive care unit. Following a presentation with non-variceal bleeding, there was
a statistically significant reduction in the length of ICU stay. This was reported to be an
average of 2 d in the TEG group versus 3 days in the control arm (P = 0.012)[23].
Number of days in hospital: Length of hospital stay was only reported in the study
examining the use of TEG in non-variceal bleeding[23]. Length of hospital stay did not
differ significantly between the two groups.

DISCUSSION
It is now widely accepted that chronic liver disease results in a state of rebalanced
haemostasis where a reduction in procoagulant factors is balanced by a reduction in
anticoagulant factors[3]. While conventional tests of coagulation are commonly used in
patients with chronic liver disease, there is no correlation between a prolonged PT or
INR and risk of bleeding in this patient group. While a minority of patients with liver
disease are at an increased risk of bleeding, the conventional tests of coagulation do
not reliably separate those who have a clinically significant coagulopathy from those
who do not[3]. The haemostatic management of cirrhotic patients with a baseline
coagulopathy on conventional testing remains difficult with a significant variation in
clinical practice. The use of FFP to correct an abnormal PT or INR remains common
practice despite a lack of evidence demonstrating clinical benefit[3,5]. The potential
harms of transfusion in this patient group are well documented[5].
VETs have significant potential to inform and improve the haemostatic
management of patients with chronic liver disease. Alteration in TEG parameters have
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been shown to correlate with bleeding risk in this patient group. TEG guided
transfusion has been shown to reduce allogeneic blood product use in cirrhotic
patients who require invasive procedures, including liver transplantation and in those
presenting with variceal and non-variceal gastrointestinal bleeding[19-23]. The reduction
in blood product use in five randomised control trials was not associated with an
increased risk of bleeding, difference in the ability to control bleeding, morbidity or
mortality when compared to standard care. In acute variceal haemorrhage, the rate of
re-bleeding at 42 d was significantly lower with TEG guided transfusion[22]. Although
the numbers included in each individual randomised control trial are small and there
are differences in methodology and TEG cut-offs, the outcomes suggest a clinical
benefit from TEG monitoring in chronic liver disease. The randomised control data
available suggests that TEG provides a more accurate assessment of haemostasis,
including bleeding risk and provides a more meaningful guide for blood product
administration than conventional tests of coagulation in patients with chronic liver
disease.

CONCLUSION
In conclusion, the poor predictive value of conventional coagulation tests in chronic
liver disease has led to renewed interest in the use of global measures of haemostasis.
Randomised control trials have confirmed earlier observations that VETs are more
accurate in assessing bleeding risk and reduce blood product usage in chronic liver
disease without compromising safety. While additional prospective randomised trials
are needed to establish appropriate transfusion thresholds, VETs may enable
consistent and evidence-based guidelines to be developed to ensure that patients with
liver disease, are optimally managed.

ARTICLE HIGHLIGHTS
Research background
Conventional coagulation tests do not predict bleeding or thrombosis risk in liver
cirrhosis. Viscoelastic tests of coagulation (VETs) such as thrombelastography (TEG) is
a point of care test that can predict clinically significant coagulopathy and the need for
blood product transfusion. Despite this, VETs have not been widely used in patients
with chronic liver disease outside the transplant setting.

Research motivation
The systematic review provides a summary and evaluation of existing clinical
evidence for VET guided transfusion in chronic liver disease. This data will be
important to improve the haemostatic management in these patients.

Research objectives
To verify the utility of VET guided transfusion in chronic liver disease patients
presenting with bleeding or who require an invasive procedure.

Research methods
A comprehensive systematic literature search was performed according to the
methodology of evidenced-based medicine. We included randomized controlled trials
that compared the use of VET guided transfusion to conventional coagulation tests in
the setting of chronic liver disease who presented with bleeding or required an
invasive procedure.

Research results
Five studies were included in the analysis examining the use of TEG guided blood
product transfusion in cirrhosis prior to invasive procedures, non-variceal
haemorrhage, variceal haemorrhage and liver transplantation. TEG guided transfusion
reduced overall blood product utilization compared to standard of care in all five
studies. No increase in length of stay, mortality or risk of bleeding was observed. In
those presenting with variceal bleeding, there was a statistically significant reduction
in rate of re-bleeding at 42 d in the TEG arm versus standard of care.
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Research conclusions
This systematic review highlights the role of VET in reducing blood product utilization
in chronic liver disease without compromising safety and may enable guidelines to be
developed to ensure patients with liver disease are optimally managed.

Research perspectives
There is an urgent need to develop protocols utilizing VET to guide transfusion in
liver cirrhosis outside of the transplant setting in order to optimize haemostatic
management of these patients.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) is the most important primary malignant liver
disease. A large proportion of patients with advanced HCC have macrovascular
invasion. HCC tends to infiltrate vascular structures, particularly the portal vein
and its branches, and more rarely, the hepatic veins. The intravascular tumor
thrombus can affect the inferior vena cava (IVC) or even the right atrium (RA), the
latter having a poor prognosis.
CASE SUMMARY
HCC is one of the most aggressive malignant tumors. Tumor thrombus (TT)
formation in advanced HCC stages is common and usually involves the hepatic or
portal veins. Herein, we report a 69-year-old woman who presented with dyspnea
to the emergency department. A ventilation/perfusion lung scan was performed,
ruling out pulmonary embolism. Hepatopulmonary syndrome and
portopulmonary hypertension were discarded with contrasted echocardiography,
but a mass in the RA was detected and confirmed by cardiac magnetic resonance
imaging. Abdominal computed tomography showed a liver mass with a dynamic
enhancement pattern compatible with HCC and an intraluminal IVC mass
extending from the hepatic vein into the RA. HCC with TT expansion to IVC and
RA is rare and indicates poor prognosis.
CONCLUSION
HCC with TT expansion to IVC and RA is rare and indicates poor prognosis.
There is no consensus about anticoagulation or other interventions in these
patients.
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Core Tip: Hepatocellular carcinoma (HCC) with tumor thrombus (TT) in the right
atrium (RA) is an unusual but critical condition. There is no standard treatment strategy
or consensus. Alpha-fetoprotein is reportedly a new alternative biomarker to RECIST
in order to detect tyrosine kinase inhibitors response in HCC, and our case supports this
hypothesis. We report this HCC case due to the exceptionality of a TT extending into
the RA in a patient with stable cirrhosis. We believe this case will warn professionals
when facing similar cases, so systemic treatment can be started in a timely fashion and
the treatment response can be evaluated with a serial blood test in patients suffering
from advanced HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant liver disease
and the fourth most common cause of cancer-related deaths, resulting in a global
incidence of approximately 800000 cases per year[1]. Currently, liver cancer is the
second most lethal tumor, after pancreatic cancer, with a 5-year survival rate of 18%[2].
The most common cause of HCC worldwide is hepatitis B virus chronic infection, but
in Western countries, hepatitis C virus infection, chronic alcohol consumption and
non-alcoholic steatohepatitis predominate.
HCC primarily develops in cirrhotic livers, which is the major cause of death in this
population[3]. HCC also tends to infiltrate vascular structures, particularly the portal
vein and its branches, and more rarely, the hepatic veins. Intravascular tumor
thrombus (TT) can progress and extend to the inferior vena cava (IVC) or even to the
right atrium (RA), the latter having a worse prognosis compared with patients with TT
in the portal or hepatic vein[4,5]. IVC/RA tumor thrombus is an infrequent event of
patients with HCC, with a reported incidence of 3% to 4%. Its diagnosis is challenging
due to the lack of specific clinical signs[6-8].

CASE PRESENTATION
Chief complaints
A 69-year-old woman complained about experiencing asthenia and dyspnea with
dizziness and diaphoresis.

History of present illness
A 69-year-old woman arrived at the emergency department with a 15-d history of
progressive asthenia, dyspnea on moderate exertion and progressive worsening
shortness of breath associated with dizziness and diaphoresis.

History of past illness
The patient was diagnosed in 2005 with alcoholic cirrhosis, without any
decompensation since 2011. She followed an adequate follow-up in the hepatology
department of the hospital and she had been abstinent since the last decompensation.
Her last abdominal Doppler-ultrasonography from May 2019 showed liver cirrhosis
with signs of portal hypertension, mild ascites and cholelithiasis. Furthermore her last
upper gastrointestinal endoscopy from June 2019 showed esophageal varices and
portal gastropathy. She also received treatment with beta-blockers and diuretics with
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good tolerance and adherence. Thereafter, she had a biological aortic valve
replacement for severe aortic stenosis in December 2018, and since then, she remained
asymptomatic.

Physical examination
The vital signs were within range and the physical examination was fairly normal. She
had no chest discomfort or palpitations, orthopnea or an increase in the perimeter of
lower limbs. She also denied having fever, chills, cough or expectoration, abdominal
distention or any weight loss. In addition, she had a regular cardiac rhythm without
cardiac murmur or rub noted, and the jugular venous pressure was not elevated. Her
lungs were clear on auscultation and the oxygen saturation was correct without
oxygen therapy. Her abdomen was also soft, non-tender and had no
hepatosplenomegaly or clear signs of ascites. Moreover, she had no leg swelling,
bruising or petechiae. There was no clubbing or cyanosis of her feet or hands. Signs of
liver cirrhosis were found on examination, such as spider angioma and mild palmar
erythema.

Laboratory examinations
The blood test at admission revealed an impaired renal function with a creatinine of
1.82 mg/dL and a glomerular filtration rate of 28 mL/min/1.73 m2, mild
hyponatremia with sodium of 132.3 mmol/L, elevated pro-brain natriuretic peptide
(923 pg/mL) and high D-dimer (917 ng/mL).

Imaging examinations
Her chest X-ray showed pathological signs. Due to the high suspicion of pulmonary
embolism (PE) in a patient allergic to iodine, a ventilation/perfusion lung scan was
performed, which did not exhibit any signs of PE. Contrasted echocardiography was
requested to rule out portopulmonary hypertension or hepatopulmonary syndrome as
the cause of the dyspnea of the patient. The test did not reveal signs of pulmonary
hypertension nor shunts and showed a preserved systolic function (left ventricular
ejection fraction [LVEF]: 58%) and a normally functioning prosthetic aortic valve.
Unexpectedly, a mass at the posterior wall of the RA of 32 by 20 mm suggestive of an
intracavitary thrombus was detected.

Further diagnostic work-up
Magnetic resonance imaging was performed to confirm this finding due to its higher
sensitivity and specificity. The mass inside the RA coming from the liver through the
IVC was noted. This image was suggestive of an infiltrating HCC tumor thrombus
(TT) (Figure 1). With the previous premedication, an abdominal multiphase CT was
finally performed, thereby confirming the presence of a lesion in segment VIII with
extension to segments V and I, suggestive of hepatocarcinoma (Figure 2). Left
suprahepatic vein thrombosis with extension to the IVC until the RA and thrombosis
in the left portal vein was noted, suggestive of tumor infiltration (Figure 3). On further
work-up, her alpha-fetoprotein level was 6856.1 ng/mL.

MULTIDISCIPLINARY EXPERT CONSULTATION
A multidisciplinary committee was held to decide treatment and further work-up.

FINAL DIAGNOSIS
The final diagnosis of the presented case is HCC with TT extended to the RA and
portal vein.

TREATMENT
A multidisciplinary committee evaluated the patient and determined that she was not
a candidate for surgical or ablative therapies. Thus, systemic treatment with sorafenib
was started at 400 mg every 12 h and required dose reduction for asthenia. Given that
the patient presented an extended TT, anticoagulation was introduced with low
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Figure 1 Magnetic resonance imaging coronal view of a polylobulated mass of 59 mm × 51 mm × 52 mm inside the right atrium (right
arrow), which extends from the liver through the inferior vena cava (left arrow) to the inside of the right atrium occupying its lowerposterior wall. These findings suggest as the first diagnostic possibility: A tumor thrombus of an advanced infiltrating hepatocellular carcinoma. Volumes and
biventricular function within physiological parameters.

Figure 2 Computed tomography scan axial view shows a poorly defined liver injury with margins of 55 mm × 90 mm located in segment
VIII and with extension to segment V and segment I, enhanced in arterial phase with fast venous phase washing.

molecular weight heparin at a dose of 1 mg/kg every 12 h.

OUTCOME AND FOLLOW-UP
The patient was seen after 1 mo of being discharged, and she remained stable. She also
showed an improved capacity for physical activities without any signs of embolism
and diminished hepatomegaly in physical exploration. The dose of sorafenib was
increased to a standard dose with positive tolerance. A non-contrast CT scan was
completed 3 mo later (due to impaired kidney function). The limited evaluation
presumed apparent stability of the tumoral mass (Figure 4). The alpha-fetoprotein
level was 4156.1 ng/mL, thereby indicating a response to sorafenib. After 5 mo after
receiving systemic therapy, the patient sought evaluation in the emergency
department for being in a critical condition and was diagnosed with septic shock
related to spontaneous bacterial peritonitis that ended fatally.

DISCUSSION
HCC is the most common primary liver neoplasm. It is the fifth most frequently
diagnosed cancer in men, and it is the ninth most commonly diagnosed cancer in
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Figure 3 Computed tomography scan coronal and sagittal views show a 55 mm × 90 mm mass in segment VIII with a tumor thrombus
extending to the inferior vena cava (left arrow) and reaching up to right atrium (right arrow). Left intrahepatic portal thrombosis. Portal vein
thrombosis with hypercaptation of the thrombus, suggestive of infiltrative tumor.

Figure 4 Non-contrast computed tomography scan axial view showing persistence of the heterogeneous lesion in the segment VIII seen
previously, not delimitable in the current study. Hypodensity persists in the inferior vena cava and right atrium suggestive of tumor extension, with apparent
small reduction, although the intravascular tumor thrombus cannot be properly determined in a non-contrast computed tomography.

women worldwide[9]. The development of HCC is intently related to the presence of
chronic liver diseases.
The diagnosis of HCC can be difficult and often requires the use of one or more
imaging approaches. Ideally, tumors should be detected when they are ≤ 2 cm so that
all treatment options can be offered. Vascular invasion and tumor thrombosis
formation are commonly seen in cases of advanced HCC due to the activation of
hemostasis[10]. The incidence of vascular invasion increases with a larger tumor size,
and it has been reported to be present in 82% of patients with serum AFP levels > 1000
µg/L and a tumor diameter of > 5 cm[11]. IVC thrombosis is often asymptomatic, but
symptoms related to portal hypertension can develop, for example, upper
gastrointestinal bleeding, abdominal pain and ascites. Contrarily, the intra-atrial
growth of HCC may not cause any symptoms per se but may lead to pulmonary
thrombosis and pulmonary metastasis[12]. Advanced HCC with the invasion of the IVC
and RA is exceptional, but it has been associated with poor prognosis and limited
treatment options. In a retrospective study of 50 patients with advanced HCC with RA
involvement, the median survival was only 2 mo with supportive care and only
marginally improved to 4 mo with aggressive therapies[13].
The European Association for the Study of the Liver (EASL) recommends patients
with preserved liver function and minimally affected performance status (PS 0-2),
stage C according to the Barcelona Clinic Liver Cancer Group (BCLC) and
intermediate-stage (BCLC B) not eligible for locoregional therapies to undergo
treatment with systemic therapy. Sorafenib, a multi-kinase inhibitor (TKI) was
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introduced in the EASL guidelines in 2008. Sorafenib showed a survival benefit,
documenting prolonged median survival and a nearly 3-mo extension of time to
radiologic progression, which represented a breakthrough in the management of
HCC[14]. Alpha-fetoprotein has been reported as a new alternative biomarker to
RECIST to detect a sorafenib response in HCC, with the optimum cut-off points
varying in published literature but suggesting that higher pre-treatment (AFP > 200
ng/mL) is associated with earlier recurrence and poorer overall survival[15,16]. Other
experimental treatments were dismissed due to the age and medical history of the
patient. Although sorafenib is the standard of care in these patients for more than a
decade, further treatments and approaches have been undertaken in several reports as
the resection of TT, the simultaneous resection of liver tumor and TT, external beam
radiation therapy (EBRT), thalidomide treatment and transarterial chemoembolization
(TACE). The postoperative survival period of patients with HCC and tumor thrombus
in the RA varies from 18 d to 56 mo, with a mean survival of 20 mo[17]. In a
retrospective cohort study of patients with HCC extending into the IVC/RA, treated
with hepatectomy and thrombectomy, TACE and symptomatic treatment, the median
survival was 19, 4.5 and 5 mo, respectively[17]. All these data indicate that removing the
thrombus surgically combined with hepatectomy, or only TT extraction, might result
in an improvement of survival in selected patients compared with other non-surgical
procedures.
Radiofrequency ablation (commonly referred to as RFA) can result in long-term
remission in small HCC. Nonetheless, performing RFA near the major vessels or
diaphragm is difficult and challenging[18]. Several studies have validated that EBRT
alone or combined with non-surgical treatment might achieve an excellent intrahepatic
tumor control and a potential survival benefit of advanced HCC EBRT, presenting
objective response rates ranging from 39% to 62% in patients with an associated
macrovascular invasion[19]. The combination of TACE and RT has been beneficial
compared with TACE alone for unresectable HCC in two meta-analyses[20,21].
Moreover, for major vessel invasion cases, combined TACE and RT had better OS and
PFS than sorafenib, with a liver function not significantly worsened after treatment[22].
Further studies are crucial to accurately establish the incidence of adverse events and
confirm these findings.
In our case, the patient was not a candidate for an invasive procedure; hence,
systemic therapy with sorafenib was initiated. No predictive biomarkers of response to
sorafenib or other TKI have been identified, and objective responses have been
uncommon with the RECIST and modified RECIST criteria[23]. At a 3-mo follow-up, the
patient improved symptoms with less dyspnea and asthenia, diminished
hepatomegaly at physical exploration, a lower AFP levels and reached stable disease
by CT scan.

CONCLUSION
HCC is one of the most common and aggressive malignant tumors, being the TT
formation in advanced stages a relatively common complication usually involving the
portal vein, and less frequently, the hepatic veins. Hepatopulmonary syndrome and
portopulmonary hypertension are the two main causes of dyspnea that must be
discarded in a cirrhotic patient.
Non-invasive imaging is an essential part of HCC diagnosis and contributes to
primary liver tumor staging. When dynamic explorations demonstrate a typical
diagnostic pattern, no further diagnostic invasive procedures are necessary. HCC TT
expansion to IVC and RA is rare and indicates poor prognosis. There is no consensus
on anticoagulation or other interventions in these patients. Treatment response has
formerly been evaluated using the RECIST criteria by CT scan, but alpha-fetoprotein
may be employed to consider sorafenib or any other TKI’s activity in HCC. Other
treatment approaches could have been feasible as EBRT alone or combined with nonsurgical treatment, but more data are essential to further establish the status of EBRT
for the management of HCC.
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Abstract
Carbapenem antibiotics were first introduced in the 1980s and have long been
considered the most active agents for the treatment of multidrug-resistant gramnegative bacteria. Over the last decade, carbapenem-resistant Enterobacteriaceae
(CRE) have emerged as organisms causing spontaneous bacterial peritonitis.
Infections caused by CRE have shown a higher mortality rate than those caused
by bacteria sensitive to carbapenem antibiotics. Current antibiotic guidelines for
the treatment of spontaneous bacterial peritonitis are insufficient, and rapid deescalation of empiric antibiotic treatment is not widely recognized. This review
summarizes the molecular characteristics, epidemiology and possible treatment of
spontaneous bacterial peritonitis caused by CRE.
Key Words: Spontaneous bacterial peritonitis; Carbapenem-resistant Enterobacteriaceae;
Carbapenem-resistant Klebsiella pneumoniae; Cirrhosis
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Core Tip: Carbapenem antibiotics were first introduced in the 1980s and have long been
considered the most active agents for the treatment of multidrug-resistant gramnegative bacteria. Over the last decade carbapenem-resistant Enterobacteriaceae
(CRE) have emerged as organisms causing spontaneous bacterial peritonitis (SBP).
Infections caused by CRE have shown a higher mortality rate than those caused by
bacteria sensitive to carbapenem antibiotics. Current antibiotic guidelines for the
treatment of SBP are insufficient, and rapid de-escalation of empiric antibiotic
treatment is not widely recognized. This review summarizes the molecular
characteristics, epidemiology and possible treatment of SBP caused by CRE.
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INTRODUCTION
Spontaneous bacterial peritonitis (SBP) is a common complication in patients with
cirrhosis. It is defined as ascitic fluid infection in the absence of alternative surgically
treatable sources of intra-abdominal infection[1]. SBP diagnosis relies on ascitic fluid
polymorphonuclear cell count greater than or equal to 250 cells/mm3. Microbiological
culture, either from ascitic fluid or the bloodstream, enables identification of the
etiological pathogen[2,3]. Approximately 2.5% of all hospitalizations of patients with
cirrhosis are for SBP, and the short-term mortality is about 25%[4]. In-hospital mortality
remains a significant burden to the healthcare system, especially in patients with
concurrent risk factors such as older age, female gender, hepatic encephalopathy,
coagulopathy, variceal hemorrhage, sepsis, pneumonia and acute kidney injury[5].
Historically, the most frequent etiological agents remain gram-negative bacteria
(GNB), especially Enterobacteriaceae spp. Although in recent times gram-positive
bacteria (GPB) appear to be on the rise[6,7]. Today, SBP due to multidrug-resistant
(MDR) bacteria represents a growing and complex healthcare problem. Infections
caused by MDR-bacteria carry a high mortality rate in the cirrhotic patient[8]. This is
likely due to difficulty in establishing an effective antibiotic regimen along with a
depressed immune system[9].
SBP due to MDR bacteria proves to be a clinical challenge[10,11], and clinicians should
consider reported resistance profiles for the decision-making process in deciding
empiric antibiotic regimens[12]. Third generation cephalosporins that for decades have
been used as the treatment of choice for community acquired-SBP should no longer be
used as first-line therapy[13]. Carbapenem antibiotics, introduced in the 1980s, have
long been considered the most active agents against MDR-GNB. Unfortunately, over
the last decade carbapenem-resistant Enterobacteriaceae (CRE) have emerged as SBP
causing bacteria[14] and have shown a higher mortality rate than infections caused by
bacteria sensitive to carbapenem antibiotics[15]. Current antibiotic guidelines for the
treatment of SBP are insufficient[9,16], and rapid de-escalation of empiric antibiotic
treatment is not widely recognized[17]. This review summarizes the molecular
characteristics, epidemiology, and possible treatment of SBP caused by CRE.

THE BURDEN OF CARBAPENEMASE-PRODUCING ENTEROBACTERIACE
IN SPONTANEOUS BACTERIAL PERITONITIS
The health burden caused by cirrhosis corresponds to 14-26 new cases per 100000
individuals and results in 170000 deaths per year in Europe[18]. Cirrhotic patients have
a higher susceptibility to infections caused by resistant bacteria (repeat
hospitalizations and antibiotic exposure for long-term prophylaxis of SBP), and the
management of these patients has become a major global health concern. In addition,
antimicrobial resistance has emerged as a public health crisis. In the case of SBP, grampositive cocci (methicillin-resistant Staphylococcus aureus and vancomycin-resistant
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Enterococci), extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae and
CRE are emerging as the causative agents[19].
While resistant GPB can be common, the classes of resistant Enterobacteriaceae are
much rarer and more devastating[20]. The spread of these pathogens is difficult to
control because of a potential huge intestinal reservoir[21]. A recent single-center Italian
study reported that the prevalence of extensively resistant (XDR) organisms increased
from 16% between 2008-2009 to 36% between 2012-2013[22]. In patients with
decompensated cirrhosis the major determinants of prognosis are bacterial infections,
especially if caused by resistant pathogens. This can be shown to increase mortality
rate four-fold[23]. The likely cause of resistant pathogens in cirrhotic patients is the
inadequate long-term empirical prophylactic antibiotic treatment that they are
prescribed. This results in antimicrobial resistance with life-threatening consequences.
Between 11% and 45% of patients with SBP and spontaneous bacteremia are infected
with organisms resistant to tigecycline, which is an antibiotic that seems to be effective
in the majority of healthcare-associated and nosocomial infections[10]. The overall
proportion of MDR bacteria in patients with nosocomial SBP was 22% to 73% of cases
across multiple studies[24].
The high prevalence of MDR or XDR pathogens causing SBP are directly linked to
high mortality rates. It is therefore not a surprise that we have been forced to
incorporate empiric use of carbapenems. The rising global empiric administration of
carbapenems has now created a selection pressure promoting the emergence of
CRE[25]. It has furthermore been proven that the efficacy of empirical antibiotic therapy
in nosocomial SBP is very low, ranging from 26% to 67.6%[26].
Piano et al[14] reported that even targeted therapy proved difficult for infection
resolution. They described a case of SBP due to carbapenemase-producing Klebsiella
pneumoniae (KPC) in a 57-year-old patient that was treated with meropenem for an
extended period. The KPC found via nasal swab was susceptible to colistin and
tigecycline but did not respond to treatment and ultimately led to death within 10 d. In
2015, Li et al[27] studied 31 patients affected by SBP both nosocomial and nonnosocomial acquired. Among these patients, four presented with KPC and two with
Escherichia coli (E. coli) resistant to meropenem. While the E. coli cases were
nosocomial-SBP, half of the KPC patients were found to be non-nosocomial,
demonstrating spread of infection outside the nosocomial setting, which is where
empiric treatment is more common.
Similar difficulties of treatment have been reported by Alexopoulou et al[28] in 2016.
In this study the authors analyzed data from 130 patients affected by SBP. Meropenem
showed a drug resistance rate of 30.7%. The 77% of pathogens resistant to meropenem
were susceptible to colistin, while the 86% of GNB were susceptible to tigecycline.
Only 54% of the pathogens resistant to meropenem were susceptible to tigecycline. All
but one XDR bacteria were susceptible to a possible combination of colistin and
tigecycline.
That same year, Lutz et al[29] described ninety-two SBP cases, three of which were
Enterococcus faecium resistant to carbapenems. Tudorascu et al[30] found cases of
carbapenem-resistant E. coli, KPC and carbapenem-resistant Enterobacter spp. In Italy,
Salerno et al[31] reported one case of carbapenem-resistant E. coli and seven cases due to
KPC. Béjar-Serrano et al[32] in 2019 reported a case of SBP caused by carbapenemaseproducing Enterobacter cloacae (E. cloacae). Table 1 summarizes the findings of the
studies mentioned above describing the total number of patients affected by SBP and
the number of SBP caused by CRE. Furthermore, it describes the type of pathogen
involved and if the SBP was nosocomial or non-nosocomial acquired.

MOLECULAR CHARACTERISTICS OF CARBAPENEMASE-PRODUCING
ENTEROBACTERIACEAE CAUSING SPONTANEOUS BACTERIAL
PERITONITIS
Enterobacteriaceae show two major types of antibiotic resistance. One mechanism
involves the expression of ESBL, which render bacteria resistant to cephalosporins and
monobactams. The other mechanism of resistance, which is even more troubling, is the
expression of carbapenemases, which render bacteria resistant to almost all available
β-lactams including the carbapenems[33]. These bacteria are called carbapenemaseproducing CRE. Carbapenemases represent the most versatile family of β-lactamases,
with a breadth of activity unrivaled by other β-lactam-hydrolyzing enzymes.
Although known as “carbapenemases,” many of these enzymes recognize almost all
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Table 1 Synthesis of a selection of the studies published on spontaneous bacterial peritonitis due to carbapenem-resistant
Enterobacteriaceae producing pathogens
Ref.

Total number SBP/CRE
SBP

CRE

CRE N-SBP/Total SBP

Not-N-SBP/Total SBP

Piano et al[14], 2012

1/1

K. pneumoniae

1/1

0/1

Li et al[27], 2015

31/6

K. pneumoniae, E. coli

2/4, 2/2

2/4, 0/2

130/6

K. pneumoniae, E. coli

5/5, 1/1

0/5, 0/1

92/3

E. faecium

3/3

0/3

64/3

K. pneumoniae, E. coli,
Enterobacter

1/1, 1/1, 1/1

0/1, 0/1, 0/1

Salerno et al[31], 2016

56/8

K. pneumoniae, E. coli

5/7, 0/1

7/2, 1/1

Béjar-Serrano et al[32], 2019

22/1

E. cloacae

1/1

0/1

Alexopoulou et al
Lutz et al

[29]

[28]

, 2016

, 2016
[30]

Tudorascu et al

, 2016

CRE: Carbapenem-resistant Enterobacteriaceae; N: Nosocomial; SBP: Spontaneous bacterial peritonitis; CRE SBP: Spontaneous bacterial peritonitis due to
carbapenem-resistant Enterobacteriaceae; CRE N-SBP: Nosocomial spontaneous bacterial peritonitis due to carbapenem-resistant Enterobacteriaceae; Not-NSBP: Not nosocomial spontaneous bacterial peritonitis; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli; E. cloacae: Enterobacter cloacae; E. faecium:
Enterococcus faecium.

hydrolyzable-lactams and are resilient against inhibition by all commercially viable βlactamase inhibitors.
Carbapenemases are classified according to the degree of homology of the
respective polypeptide chains. According to Ambler classification, four classes of
enzymes are recognized. Classes A, C and D include the β-lactamases with serine at
their active site, whereas molecular class B β-lactamases (MβLs) are all
metalloenzymes with zinc at their active-site[34]. Currently, among the four classes of βlactamases dened by the Ambler classication system, three have been identified to
give resistance to carbapenems: (1) The class A of β-lactamases in which KPC is
included; (2) The class B of metal-β-lactamases to which the imipenemase (IMP) and
the Verona integron-encoded metal-β-lactamase [Verona imipenemase (VIM)] belong;
and (3) The class D to which β-lactamases, such as oxicillinase oxacillin-hydrolyzing
(OXA)-48, belong[35].
These enzymes are coded starting from specific genes that can be acquired in two
ways: By transfer through plasmid or by clonal bacterial strain expansion[36]. Class A
carbapenemases have a serine in the active state in position 70 and can hydrolyze
carbapenemics, cephalosporins, penicillins and aztreonam while being inhibited by
clavulanic acid and tazobactam. The enzymes KPC-1, KPC-2, KPC-3, Guiana-ExtendedSpectrum (GES)-4, GES-5 and GES-6 have been found mainly in Klebsiella pneumoniae.
Serratia marcescens (S. marcescens) enzyme (SME)-1, SME-2 and SME-3 have been found
in S. marcescens; NMC-A and KPC-3 have been found in E. cloacae, and GES-5 has been
found in E. coli[34]. These enzymes are summarized in Table 2.
KPC and GES are associated with mobile elements. None have been reported yet for
the SME genes[37,38]. Figure 1 illustrates the different kind of genes and mobile elements
related to each class of carbapenemase with the site of action, the inhibitor substances
and the antimicrobials hydrolyzed for each class of enzymes.
Class B enzymes are characterized by resistance to beta-lactamase inhibitors. They
share hydrolytic activity with Class A carbapenemases but are not effective against
aztreonam. The hydrolysis mechanism depends on the activation of the active site by
zinc ions. This feature makes them highly sensitive to inhibition by ethylene diamine
tetraacetic acid, which is capable of chelating zinc and other cations. Although the
amino acid homology of these proteases is poor (about 23%), all the class B
carbapenemases show excellent zinc binding capacity and a well-preserved active
site[39]. The B carbapenemases have been found, as described in Table 3, mainly in
Klebsiella pneumoniae (IMP-1, IMP-1-like, IMP-4, VIM-1, VIM-2-like, VIM-4), E. coli
(VIM-1, IMP-4, IMP-1-like), S. marcescens (IMP-1-like, VIM-2, VIM-2-like), E. cloacae
(VIM-1, VIM-2, VIM-2-like, VIM-5, VIM-4, IMP-1-like, IMP-4, IMP-8) and Citrobacter
freundii (IMP-1, IMP-1-like, VIM-2)[34]. Shown in Figure 1, these enzymes are associated
with respective genes such as VIM, NMD and IMP. Furthermore, they are associated
with several mobile elements (i.e. IncN, IncI1, multiple types; class I integrons,
IncL/M, IncA/C)[37].
Class D enzymes include oxacillin-hydrolyzing–β-lactamases identified mainly in
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Table 2 Class A carbapenemase asset found in each pathogen
Pathogens

K. pneumoniae

Class A carbapenemase
KPC-1

KPC-2

KPC-3

GES-4

GES-5

GES-6

+

+

+

+

+

+

S. marcescens
E. coli

SME-1

SME-2

SME-3

+

+

+

NMC-A

+

E. cloacae

+

+

KPC: Klebsiella pneumoniae; GES: Guiana-Extended-Spectrum; SME: Serratia marcescens enzyme; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli; E.
cloacae: Enterobacter cloacae; S. marcescens: Serratia marcescens.

Table 3 Class B carbapenemase asset found in each pathogen
Pathogens

K. pneumoniae

Class B carbapenemase
IMP-1

IMP-1-like

IMP-4

+

+

+

S. marcescens

+

E. coli

+

+

E. cloacae

+

+

C. freundii

+

IMP-8

VIM-1

VIM-1-like

+

VIM-2

VIM-2-like

+
+

+

+

+

+

VIM-4

VIM-5

+

+

+

+

+
+

+

+

+

IMP: Imipenemase; VIM: Verona imipenemase; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli; E. cloacae: Enterobacter cloacae; S. marcescens:
Serratia marcescens; C. freundii: Citrobacter freundii.

Enterobacteriaceae and Pseudomonas aeruginosa[40]. Functionally they are penicillinases
capable of hydrolyzing both oxacillin and cloxacillin. These enzymes are characterized
by extreme variability in the amino acid sequence producing many enzyme variants
that are only weakly inhibited by ethylene diamine tetraacetic acid and clavulanate[41].
The molecular structure was analyzed by detecting a homology with class A enzymes
with serine in the active site in positions varying between 70 and 73 in the S-T-F-K
tetrad[34]. The active site of the D carbapenemases is very efficient due to its small size
and increased hydrophobicity due to the tyrosine and methionine residues present in
position 112 and 223, respectively. The OXA carbapenemases have highly conserved
structures in position 144-146 with sequence Y-G-N and in position 216-218 with
sequence K-T-G. At present, 102 distinct OXA enzymes have been identified, of which
at least 37 (9 broad spectrum enzymes) are to be considered carbapenemases. These 37
were then divided into 9 main subgroups based on an amino acid homology exceeding
92.5%[42]. Subgroups 1 and 2 share the substitution F with Y in the sequence Y-G-N that
does not seem to improve the hydrolyzation of the imipenem compared to the other
carbapenemases.
The mechanism of action is similar to other serine-carbapenemases but carbon
dioxide seems to influence the kinetics of OXA-carbapenemases. In cases of high
carbon dioxide concentrations, the carboxylation of lysine occurs in position 73
activating the serine at the catalytic site[43]. OXA carbapenemases act on penicillin,
cephalosporin and imipenem with faster hydrolysis of imipenem than meropenem[44].
These enzymes, as described in Table 4, have been found mainly in Klebsiella
pneumoniae (OXA-48, OXA-181, OXA-163), S. marcescens (OXA-48), E. coli (OXA-48,
OXA-244, OXA-181) and E. cloacae (OXA-48). They are associated with OXA genes and
several mobile elements (i.e. IncL/M, Tn1999, IS1999)[37], as reported extensively in
Figure 1.
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Table 4 Class D carbapenemase asset found in each pathogen
Pathogens

Class D carbapenemase
OXA-48

OXA-163

OXA-181

K. pneumoniae

+

+

+

S. marcescens

+

E. coli

+

E. cloacae

+

+

OXA-244

+

OXA: Oxacillin-hydrolyzing; K. pneumoniae: Klebsiella pneumoniae; E. coli: Escherichia coli; E. cloacae: Enterobacter cloacae; S. marcescens: Serratia marcescens.

Figure 1 Molecular characteristics, genetics and activity of carbapenems classes. A: Class A carbapenemases; B: Class B carbapenemases; D:
Class D carbapenemases; GES: Guiana-Extended-Spectrum; SME: Serratia marcescens enzyme; KPC: Klebsiella pneumoniae carbapenemase; VIM: Verona
imipenemase; NDM: New Delhi carbapenemase; IMP: Imipenemase; OXA: Oxacillinase.

ANTIMICROBIAL MANAGEMENT OF SPONTANEOUS BACTERIAL
PERITONITIS DUE TO CARBAPENEMASE-PRODUCING ENTEROBACTERIACEAE
Aminoglycosides, mainly amikacin and gentamicin, have been widely utilized in the
era of limited treatment options for the management of CRE[45]. Overall, antimicrobial
susceptibility for CRE varies[46]. These antibiotic agents require high dose daily
administration with therapeutic drug monitoring to optimize their use[46-48]. Plazomicin
is a newly marketed aminoglycoside. It is approved for the management of
complicated urinary tract infections (cUTI) in patients with limited or no options for
alternative treatment[49]. It has activity against GNB producing ESBL, KPC and
AmpC[50,51]. Overall, it has poor activity against nonfermenting GNB[52,53].
Colistin is an old polymyxin widely utilized for the management of serious
infections due to CRE[47,48,54,55]. Colistin resistance remains low among nonfermenting
GNB but is increasing in Klebsiella spp. producing KPC enzymes[56]. Its role as
monotherapy or within a combination regimen is still under discussion due to the
absence of reliable data[48,57,58]. Fosfomycin is another old antibiotic utilized in the
treatment of infections due to CRE in critically ill patients[59]. It has activity against GPB
and GNB, including MDR strains such as CRE. However, during monotherapy rapid
emergence of antibiotic resistance has been described[17,60,61]. High doses of tigecycline
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have been widely utilized as a last-resort option for the treatment of serious infections
due to CRE. It is a glycylcycline with activity against a broad range of GPB and GNB
including MDR strains but not Pseudomonas spp. or Proteus spp.[62].
Eravacycline is a synthetic fluorocycline antibiotic recently approved for the
treatment of complicated intra-abdominal infections (cIAI). It has broad spectrum
activity including MDR and XDR isolates with the exception of Pseudomonas spp. and
Burkholderia spp. Overall, it has activity against GNB producing ESBL, KPC, AmpC,
MβL and OXA enzymes[6,7,20,50]. Moreover, eravacycline is active against the most
common tetracycline-resistance mechanisms such as efflux and ribosomal
protection[63]. In IGNITE 1 and 4 clinical trials, it showed a high clinical and
microbiological response with a favorable safety and tolerability profile in patients
with cIAIs[64,65]. Eravacycline also has a high oral bioavailability that can facilitate a
sequential antibiotic regimen (from intravenous to oral formulation) with patients
being discharged home[66].
Among β-lactam antibiotics, ceftazidime/avibactam is a novel cephalosporin/βlactamase inhibitor combination with activity against several GNB including strains
producing ESBL, KPC, AmpC and some OXA enzymes (OXA-48)[50]. In phase 2 and 3
clinical trials, ceftazidime/avibactam demonstrated efficacy and safety in patients with
cIAIs[67-69]. It was successfully used as salvage therapy in patients with severe infections
due to CRE[70,71]. Of note, emergence of resistance during therapy has already been
described[30]. The appropriate use of ceftazidime/avibactam in the management of CRE
infections as monotherapy or part of combination regimen is still an open debate[72].
Meropenem/vaborbactam is a novel carbapenem/β-lactamase inhibitor
combination with activity against GNB producing ESBL, KPC and AmpC but not MβL
and OXA enzymes[50-52,73]. Meropenem/vaborbactam was approved for the treatment of
bacteremic cUTI, cIAIs, hospital-acquired pneumonia including those associated to
mechanical ventilators (hospital-acquired pneumonia and ventilator associated
pneumonia) and for the treatment of all infections due to GNB where treatment
options were limited. In TANGO 1 and 2 clinical trials, meropenem/vaborbactam was
associated with high clinical and microbiological success[74,75]. In a sensitivity analysis
of the TANGO 2 clinical trial among patients without prior antibiotic failure,
meropenem/vaborbactam showed a significant higher clinical cure rate at the test-ofcure visit and a lower day-28 all-cause mortality than the best available therapy[75].
In a multicenter retrospective cohort study, meropenem/vaborbactam was found to
have similar clinical success to ceftazidime/avibactam (69% vs 62%; P = 0.49)[76].
Although the propensity of meropenem/vaborbactam for development of resistance is
lower than ceftazidime/avibactam, mechanisms of antibiotic resistance are described
(porin mutations and increase in the blaKPC expression)[77,78]. Interestingly, an in vitro
study showed a synergistic effect of meropenem/vaborbactam plus a ceftazidime/
avibactam combination against susceptible KPC strains but also against both
meropenem/vaborbactam and ceftazidime/avibactam-resistant KPC isolates[79].
Imipenem/cilastatin/relebactam is another novel carbapenem/β-lactamase
inhibitor combination with activity against GNB producing ESBL, KPC and AmpC
enzymes[50-52]. Imipenem/cilastatin/relebactam was approved for the management of
cUTIs and cIAIs in adult patients with limited or no available treatment options. In a
phase 3 clinical trial (RESTORE-IMI 1), imipenem/cilastatin/relebactam was found as
an effective and well-tolerated treatment agent for CRE infections[80].
Aztreonam/avibactam is a monobactam and β-lactamase inhibitor combination in
the late form of development. It has activity against GNB producing ESBL, KPC,
AmpC, MβL and some OXA enzymes (OXA-48)[50-52]. Cefiderocol is a siderophore
cephalosporin recently approved for the treatment of cUTIs in adults. It has a broad
spectrum of activity against GNB, including MDR Enterobacteriaceae, Pseudomonas
aeruginosa and Acinetobacter baumannii[50]. The approved drugs used to treat these CRE
producing pathogens causing SBP are displayed with their advantages and
disadvantages in Table 5.
Many more agents are in several phases of development: Cefepime/taniborbactam
(phase 3), cefepime/enmetazobactam (phase 3), sulbactam/durlobactam (phase 3),
sulopenem/etzadroxil/probenecid (phase 3), tebipenem pivoxil hydrobromide (phase
3), BOS-228 (phase 2), OP0595/RG6080 (phase 1), QPX-2015/QPX-7728 (phase 1),
SPR206 (phase 1), SPR741 (phase 1), TP-6076 (phase 1) and WCK 5222 (phase 1).

CONCLUSION
SPB due to CRE is a major concern for hepatologists. Overall, CRE infections are
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Table 5 Advantages and disadvantages of the antimicrobials used to treat spontaneous bacterial peritonitis due to gram-negative
bacteria producing carbapenem-resistant Enterobacteriaceae
Antimicrobial agent

Advantages

Disadvantages

Ref.

Aminoglycosides (i.e. Plazomicin)

Good activity against GNB producing ESβL, KPC, AmpC but
not MβL enzymes

Heterogeneous
susceptibility high dose
(toxicity)

Polimixins (i.e. Colistin)

Low resistance emergence

Low efficacy for Klebsiella
spp. producing KPC
enzymes

Fosfomicyn

Moderate activity against MDR–CRE

Rapid emergence of
antibiotic resistance

Glycylcycline (i.e. Tigecycline)

Good activity against MDR–CRE

High dose (toxicity)

Fluorocycline (i.e. Eravacycline)

Broad spectrum activity (even if MDR and XDR pathogens).
Active against the most common tetracycline-resistance
mechanisms. High oral bioavailability. Safety and tolerability

Not active on Pseudomonas
spp. and Burkholderia spp.

β-lactams/β-lactamase inhibitors (i.e.
ceftazidime/avibactam)

Good activity against GNB producing ESβL, KPC, AmpC,
OXA-48 and MβL. Safety and tolerability

Frequent emergence of
antibiotic resistance

Carbapenem/β-lactamase inhibitors (i.e.
meropenem/vaborbactam or
Imipenem/cilastatin/relebactam)

Good activity against GNB producing ESβL, KPC and AmpC.
Outcome improvement

Not active on GNB
producing OXA-48 and
MβL

Monobactam/β-lactamase inhibitor (i.e.
aztreonam/avibactam)

Good activity against GNB producing ESβL, KPC, AmpC and
OXA-48

Recently approved

Siderophore cephalosporin (i.e. Cefidecol)

Broad spectrum of activity against GNB, including MDR
Enterobacteriaceae, Pseudomonas aeruginosa and A. baumannii

Recently approved

[49]

[56]

[59]

[62]
[6365]

[67]

[79]

[5052]

[50]

GNB: Gram-negative bacteria; ESβL: Extended-spectrum β-lactamase; CRE: Carbapenem-resistant Enterobacteriaceae, KPC: Klebsiella pneumoniae; MβL:
Molecular class B β-lactamases; MDR: Multidrug resistant; XDR: Extensively resistant.

associated with an increased risk of morbidity and mortality. Current antibiotic
guidelines for the treatment of SBP caused by CRE are insufficient. This review
summarizes the current molecular characteristics, epidemiology and possible
treatment regimens for CRE causing SBP. Many new antibiotics are being introduced
into clinical practice and others are still in the preclinical and clinical phases of
development. Further research of these novel agents is required for appropriate use
(microbiological activity and pharmacokinetic/pharmacodynamic parameters). A
multidisciplinary approach (hepatologists, infectious diseases specialists, intensivists,
microbiologists, pharmacists) is essential for the adequate placement of these newer
anti-infective agents in therapy. In order to optimize antimicrobial treatments and
preserve the antibiotic armamentarium, a careful knowledge of local microbiological
epidemiology and antibiotic-resistant rates along with detailed antimicrobial
stewardship programs must be applied.
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Abstract
Intrahepatic cholangiocarcinoma (iCCA) is a heterogeneous primary liver cancer,
and currently there exist only a few options of targeted therapy. Histopathologically, iCCA is sub-classified according to morphology (mass forming
type, periductal infiltrating type, and intraductal growing type) and histology
(small duct type and large duct type). According to different histopathological
types, clinical features such as risk factors and prognosis vary. Recent
developments in genomic profiling have revealed several molecular markers for
poor prognosis and activation of oncogenic pathways. Exploration of molecular
characteristics of iCCA in each patient is a major challenge in a clinical setting,
and there is no effective molecular-based targeted therapy. However, several
recent studies suggested molecular-based subtypes with corresponding clinical
and pathological features. Even though the subtypes have not yet been validated,
it is possible that molecular features can be predicted based on clinicopathological
characteristics and that this could be used for a more rational approach to
integrative clinical and molecular subclassification and targeted therapy. In this
review, we explored the genomic landscape of iCCA and attempted to find
relevance between clinicopathologic and molecular features in molecular
subtypes in several published studies. The results reveal future directions that
may lead to a rational approach to the targeted therapy.
Key Words: Cholangiocarcinoma; Mutation; Gene expression; Pathway; Target therapy;
Molecular
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intrahepatic cholangiocarcinoma (iCCA) is a histopathologically and
molecularly heterogeneous tumor. Recent developments in genomic profiling have
revealed several molecular markers for poor prognosis and activation of oncogenic
pathways. Exploration of molecular characteristics of iCCA in each patient is a major
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challenge in a clinical setting, and there exists no effective molecular-based targeted
therapy. Therefore, the analysis of relevance between molecular and clinicopathological features is very important. The present analysis showed that the
molecular subtypes of iCCA have distinct clinicopathologic features and prognostic
differences. For developing effective targeted and personalized therapies based on
clinical and molecular understanding, future additional large scale studies are needed.
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INTRODUCTION
Cholangiocarcinoma (CCA) is a malignant tumor that arises from biliary epithelium in
any portion of the bile duct. Intrahepatic cholangiocarcinoma (iCCA) arises from small
peripheral bile duct to second-order segmental bile duct. Risk factors, clinical
symptoms, type of surgical resection, and prognosis of iCCA are different from those
of extrahepatic CCA (eCCA; Klatskin tumor and distal bile duct cancer)[1,2]. ICCA is the
second most common primary malignant liver tumor and accounts for 10%-15% of
hepatobiliary neoplasms[3]; however, recently, there has been an increase in the
incidence and associated significance of pathogenic, clinical, and therapeutic
challenges[4]. Based on morphological and gross appearance, iCCA can be further
classified into three subtypes: Mass forming (MF), periductal infiltrating (PI), and
intraductal growing (IG). The prognosis of the subtypes differ according to gross
morphology[5]. Due to pathologic heterogeneity and lack of specific symptoms, iCCA is
hard to diagnose at the early stages, and most of the patients are at an advanced stage
at the time of diagnosis. Therefore, prognosis after curative surgical resection is
dismal, and efficacy of chemotherapy or targeted therapy is limited[3].
Recent molecular analyses revealed several markers for poor prognosis and
activation of oncogenic pathways (KRAS mutation, human epidermal growth factor
receptor 2 (HER2), and epidermal growth factor receptor (EGFR) signaling)[6,7]. In
addition, various recurrent mutations and fusions have been reported, including IDH1
and IDH2, BRAF, TP53, and FGFR2 genes[7,8]. These molecular findings demonstrate a
more integrative analysis of clinical and molecular alterations in iCCA. However, there
exist a few other challenges. First of all, the molecular characteristics of tumor
heterogeneity are not yet clear. Second, integrative relevance between clinical and
molecular characteristics is not enough; and finally, most prevalent oncogenic
alterations in CCA are still undruggable. Understanding the molecular characteristics
in these heterogeneous tumors may derive specific biologically meaningful subtypes
that can be used to define more rational potential targeted therapy.
This review provides an overview of the genetic characteristics and heterogeneity of
iCCA with a focus on molecular subtypes and their relevance with the clinicopathological phenotype. Furthermore, the role of molecular markers to stratify
patients based on their prognosis and response to therapies is discussed.

HISTOPATHOLOGIC CLASSIFICATION OF iCCA
Histological classification of iCCA is important for understanding the molecular
heterogeneity of iCCA. Several investigations have revealed that a whole range of
phenotypical traits of hepatocytes, cholangiocytes, and progenitor cells was seen in
primary liver cancer [hepatocellular carcinoma (HCC) and iCCA]. It has been
suggested that iCCA originated from biliary tree stem cells located within the
peribiliary gland as well as hepatic progenitor cells within canals of Hering[2]. Hepatic
bipotent progenitor cells along the small intrahepatic bile duct possibly differentiate
not only into hepatocytes but also into cholangiocytes, which can lead to iCCA[9,10].
Consequently, two different histological types of iCCA may develop: One originating
from hepatic stem cell-derived lineages with stem-like molecular characteristics
similar to those in HCC or combined HCC-CCA and the other originating from biliary
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tree progenitor stem cell-derived cholangiocytes found along the large intrahepatic
bile duct with characteristics similar to perihilar or extrahepatic CCA[2,11-13].
Histologically, iCCA is defined as an adenocarcinoma formed by columnar and
cuboidal epithelial cells[1,14].
Based on the histological findings, conventional iCCA can be classified into two
main subtypes. Small bile duct type iCCA may derive from small intrahepatic bile
ducts; hepatic progenitor cells present as small-sized tubular or acinar adenocarcinoma with scant mucin production[11,14-16]. Small bile duct type is either
represented as peripheral type or cholangiolar type[17,18]. Meanwhile, large duct type
arises from biliary tree progenitor stem cell and is constituted by mucin-producing
columnar tumor cells in large segmental bile ducts or papillary architecture[11,14-17,19].
Large duct type has been represented as a perihilar type or bile duct type in other
studies[17,18]. The gross and histological features of large bile duct type iCCA are similar
to those of perihilar CCA and distal CCA. In addition, the majority of PI and IG has
large bile duct type[11,17,18]. However, the MF type, which is the most prominent
morphologic type, is more heterogeneous as it comprises of both small duct type and
large duct type[17,18].
Although the two histological subtypes belong to iCCA, their clinical and molecular
features are quite different. While viral hepatitis and cirrhosis are the risk factors of
small duct type, cholangitis and parasite infection are the main cause of large duct
type[17,18]. Both subtypes have different precursor lesions and show different survival
outcomes[18]. Furthermore, they show different immunophenotypes like the abundant
expression of mucin families, S100P, and anterior gradient homolog 2 in the large duct
type, and N-cadherin and neural cell adhesion molecule 1 in the small duct
type[11,17,18,20]. These histopathological heterogeneities based on cell origin are critical for
understanding the heterogeneity of iCCA as well as heterogeneous molecular
characteristics of iCCA.

MOLECULAR ALTERATIONS IN iCCA
Recent technological advancements have helped in understanding the mutational
landscape of iCCA. Mutations in common driver oncogenes and suppressor genes are
summarized in Table 1. Due to a small number of samples compared to other cancer
and pathological heterogeneity, the prevalence of the mutation is variable across
studies. However, several key driver somatic mutations commonly seen in other
tumors, such as KRAS, BRAF, TP53, BAP1, and ARID1A, are also frequently identified
in iCCA. Other driver genes like BRAF, PIK3CA, GNAS, EGFR, and ERBBR/HER2 have
also been identified in iCCA, but at a much lower frequency in most of the
cohorts[6,21-23]. The presence of EGFR, TP53, and KRAS mutation is known as poor
prognostic factor[6,21,24]. Mutation of TERT promoter and ALB gene, which are
frequently seen in HCC, are also detected in CCA, but only in iCCA or combined HCC
and CCA samples with less frequency[23]. Meanwhile, isocitrate dehydrogenase (IDH)1
and IDH2 mutations have been reported in 10%-20% of iCCA cases[23]. Interestingly, a
large extent of IDH mutation has been observed in iCCA and not in eCCA and rarely
identified in HCC[23,25]. IDH mutation is associated with a better prognosis[26]. In one
large scale study, IDH1/2 mutations were identified to be associated with improved
overall survival[27]; however, as the incidence of IDH mutation is not frequent, survival
impacts of IDH mutation is not yet clear[28]. In iCCA, frequency of fibroblast growth
factor receptor 2 (FGFR2) fusion is reported as 10%-15%[29,30]. FGFR2 pairs with some
genes such as TACC1, BICCI, PRKACA, AHCYL, and PRKACB. These fusions result in
the constitutive activation of FGFR2 and its oncogenic functions[31]. The FGFR related
pathway is involved in cellular migration and proliferation. Patients with FGFR2
fusion show good prognosis, which suggests that FGFR2 fusions can be a prognostic
marker as well as potential target for therapy[21,32]. Altered genes involving chromatin
remodeling, such as BAP1, ARID1A, and PBRM1, are also frequently found in
iCCA[27]. Meanwhile, germline DNA mismatch repair deficiency (Lynch syndrome) has
been reported to be associated with CCA[33]. There exists a report that deleterious
germline mutations in breast cancer gene 1/2, RAD51D, MutL homolog 1, and MutS
homolog 2 were detected in 11% of CCA patients[21].
Genomic alteration in CCA is highly heterogeneous, like pathologic features.
Several studies identified different gene alterations between iCCA and eCCA[21,34].
While alterations in IDH1/2, BRAF, FGFR2, BAP1, and NRAS are frequently found in
iCCA, TP53, KRAS, SMAD4, and BRAF mutations are common in eCCA[35].
Interestingly, some of the altered genes commonly found in eCCA such as KRAS,
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Table 1 Frequency of genetic alteration in intrahepatic cholangiocarcinoma
Pathway

Gene

Frequency of alteration

NADPH metabolism

IDH1/2

4-36

Chromatic remodeling

BAP1

9%-25%

ARID1A

11-36

PBRM1

11-17

CDKN2A

7

CDK6

7

TP53

3-38

BRCA1/2

4

PIK3CA

4-6

PTEN

1-11

EGFR

2.2

KRAS

9-24

NRAS

3.6

BRAF

3-22

FGFR2

4-38

Cell cycle regulation and DNA damage response

PI3K signaling

Ras/Raf/MEK/ERK

FGF

DNA: Deoxyribonucleic acid; ERK: Extracellular signal-regulated kinase; MEK: Mitogen-activated protein kinase kinase; NADPH: Nicotinamide adenosine
dinucleotide phosphate; PI3K: Phosphoinositide-3-kinase.

SMAD4, and TP53 were also shared by large duct types of iCCA. Whereas, small duct
iCCA has frequent IDH1/2 mutations and FGFR2 gene fusion[31,36]. Therefore,
pathological characteristics and genetic alterations appear to be closely related to each
other.

EPIGENETIC PROFILE OF iCCA
Epigenetic mechanisms of iCCA include histone modification, DNA methylation, and
noncoding RNAs. In CCA, hypermethylation at the promotors of tumor suppressor
genes has been reported[37]. ICCA is a highly epigenetic regulated tumor type.
DNA methylation is an early molecular lesion of carcinogenesis; tumor suppressor
promoter hypermethylation of tumor suppressor gene leads to transcriptional
modification and inactivation, and hypomethylation of oncogenes results in
activation[38]. Most of the genes that were altered by CpG methylation belonged to
wingless-related integration site (WNT), transforming growth factor beta, PI3K,
MAPK, and NOTCH signaling pathways in iCCA[39]. Like other cancers, promoter
hypermethylation of tumor suppressor genes, such as DAPK, SOX17, and RUNX3, has
been commonly reported[40]. It is known that IDH mutations result in hypermethylation and induce silencing of ARID1A[8].
MicroRNA (miRNA) plays a crucial role in diverse cellular processes and regulates
gene function. Several pieces of research revealed that overexpression of miR-21
inhibits TIMP3 and PDCD4 and sequentially leads to cancer progression[41]. Besides,
miR-191, miR-200, miR-141, miR-204, miR-214, and miR-221 are involved in CCA
development[42]. Among these miRNAs, miR-21, miuR-191, and miR-26a were
identified as poor prognostic markers[43]. Meanwhile, the high expression of several
lncRNA (H19, NEAT1, PVT1, CKDN2B-AS1, and HUILC) has been reported to be
associated with poor survival of CCA[44,45].
However, most of the epigenetic mechanisms of iCCA have not been studied
sufficiently, and their role as biomarkers and potential targeted therapies should be
extensively investigated.
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EXPRESSION PROFILE AND FUNCIONAL GENOMIC PATHWAY OF iCCA
Several studies based on microarray or NGS revealed the expression profile and
oncogenic pathway of iCCA. The major key oncogenic molecules, including tumor
necrosis factor, transforming growth factor, extracellular regulated-signal kinase,
epidermal growth factor, RAS, AKT, p53, NOTCH, and platelet-derived growth factor,
are deregulated in iCCA. Immune response-related pathways and inflammation
associated with signatures are also enriched[6,8,22,24]. Aberrant HER2 expression is seen
in about 30% of iCCA, and it is related to poor prognosis with coactivation of ERBB3
and EGFR2 as well as mesenchymal epithelial transition factor and mammalian target
of rapamycin[6]. Inflammation associated signatures are commonly activated in iCCA,
but their oncologic and prognostic role is controversial[22,24]. Activation of the WNT
pathway is often seen in iCCA, and it relates to inflammatory reaction because
macrophages in the stroma surrounding the tumor are required for the maintenance of
activated WNT pathway[46].
The oncogenic signatures are also found in many other cancers. However,
deregulated pathways are different according to pathologic and molecular subtypes;
therefore, subtype-specific activated pathways are important to assess biology.

INTEGRATIVE CLINICAL-MOLECULAR SUBTYPES OF iCCA
Based on the genomic profile, a few studies have suggested molecular subtype of
iCCA beyond anatomical and histological subclassification (Table 2). The recent
advances in the molecular classification allow better characterization of heterogeneity
of iCCA. Furthermore, they provide insight into the integrated approach of clinical
and molecular characterization of iCCA.
Although each subclassification has some heterogeneity, the molecular feature of
iCCA is dichotomized two subtypes that have different survival and clinical
outcomes[6,8,22,24,47]. Generally, the poor prognostic molecular subtype is associated with
the KRAS mutation. Also, BRAF, ERBB2, and HER alterations are often seen in a poor
prognostic subtype. On the other hand, IDH mutation and FGFR fusion are commonly
seen in the good prognostic subtype. The molecular subclasses were reported to be
rather related to clinical and pathologic features. While PI type, similar to eCCA, is
commonly seen in the poor prognostic subtype, the MF type is almost evenly
distributed in both good and poor prognostic subtypes[24]. Large duct type, history of
cholangitis and parasite infection, and elevated levels of serum biomarkers
(carcinoembryonic antigen and carbohydrate antigen 19-9) are associated with poor
prognostic molecular subtype, while small duct type and history of viral hepatitis are
associated with good prognostic molecular subtype[24] (Figure 1).
Several molecular subclassifications in the reported studies provide information
about molecular heterogeneity in addition to histopathological heterogeneity. The
integrated clinical and molecular subclassifications would be helpful to provide a
more rational approach to overcome clinical and molecular heterogeneity. Molecular
profile of iCCA is helpful for early diagnosis and prognosis prediction and may
potentially provide personized treatment. However, exploration of molecular
characteristics of iCCA in each patient is a major challenge in a clinical setting because
of the high cost for evaluating molecular characterization. If molecular subtypes of
iCCA have specific clinical and pathologic features, molecular subtypes can be
predicted from clinical features. Although the subclassifications reported in several
studies have a few differences based on demographic characteristics and study
methods, there is still no consensus on the molecular subclass. The present review
shows that clinical and molecular relevance based on molecular subclassification has
been exploring and may establish integrative clinical and molecular subclassification
soon. Since the number of patients is not sufficient in iCCA compared to other cancers,
further large scale studies are necessary for validation and establishment of molecular
classification.
Still, molecular-based target therapy is not considered to be effective in CCA due to
molecular heterogeneity. However, the establishment of molecular subtypes can
promote the development of effective subtype-specific therapeutic molecular targeted
therapy. Lapatinib, a dual inhibitor of EGFR and HER2, has been reported to be
effective in cell lines that had genetic characteristics similar to poor prognostic
subtype[6], while gemcitabine was identified to be effective in cell lines with similar
expression profile to good prognostic subtype, which had enriched gemcitabine
sensitive genes[24]. Although these are the outcomes of cell line studies and not
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Table 2 Integrative clinical-molecular subclassification of intrahepatic cholangiocarcinoma
Good prognostic subclass

Poor prognostic subclass

GSE26566

Periductal infiltrating type, perineural invasion; KRAS
mutation, EGFR and HER2 signatures

GSE32225

Well differentiated tumor; inflammation-related signatures

GSE32879

Poor differentiated tumor; RTK-related pathways (AKT,
MET, RAS/RAF/MAPK); overexpression of EGFR; KRAS
mutation
EMT-related signatures; TGFβ1, NCAM1, CD133

GSE89749

Fluke-negative; FGFR fusion; BAP1, IDH mutation

Fluke-positive; BRCA1/2, TP53 mutation; ERBB2 gain

GSE107943

Small duct type (cholangiolar type); underlying hepatitis,
cirrhosis; metabolism-related signatures; FGFR2 fusion

Large duct type (bile duct type); Elevated CEA, CA 19-9;
underlying cholangitis; P53, inflammation-related signatures;
KRAS mutation

TCGA1

Mitochondria/metabolic-related signatures; IDH, BAP1
mutation

Inflammation-related pathways

1

In The Cancer Genome Atlas, two subtypes have no statistical different survival.
BRCA1/2: Breast cancer gene 1/2; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; EGFR: Endothelial growth factor receptor; EMT:
Epithelial to mesenchymal transition; FGFR2: Fibroblast growth factor receptor 2; HER2: Human epidermal growth factor receptor 2; IDH: Isocitrate
dehydrogenase; MAPK: Mitogen-activated protein kinase; NCAM1: Neural cell adhesion molecule; TCGA: The Cancer Genome Atlas; TGFβ1:
Transforming growth factor beta 1.

validated clinical data, it is hypothesized that additional applications of drug study on
different subtype signaling pathways may be helpful to stratify patients for targeted
approaches for the treatment of iCCA.

CONCLUSION
In the present study, we reviewed the molecular heterogeneity of iCCA in association
with the clinicopathological features. Several recent studies have revealed molecular
characteristics of iCCA and suggested several molecular subclassifications. Molecular
study of iCCA may help identify patients at risk of developing iCCA, predicting
prognosis, and targeting approach to treatment. However, molecular exploration in all
patients is not feasible because of the high cost. Accordingly, analysis of relevance
between molecular and clinicopathological features is considered as imperative
because if clinicomolecular relevance is established, molecular characteristics can be
predicted based on clinical features in each patient.
The present analysis showed that the molecular subtypes of iCCA have distinct
clinicopathologic features and prognostic differences. However, integrative clinical
and molecular subclassification is not yet validated. For developing effective targeted
and personalized therapies based on clinical and molecular knowledge, future
additional large scale studies are necessary.
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Figure 1 Summary of clinical and molecular characteristics of molecular-based subtypes of intrahepatic cholangiocarcinoma. CA 19-9:
Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; FGFR2: Fibroblast growth factor receptor 2; HER2: Human epidermal growth factor receptor; IDH:
Isocitrate dehydrogenase; IG: Intraductal growing; MF: Mass forming; PI: Periductal infiltrating.
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Abstract
Disorders of esophageal motility have been described in patients with cirrhosis in
a small number of studies. In this review, we aim to provide an overview of the
available evidence on esophageal motility disorders in cirrhosis and their clinical
implications. This review delves into the following concepts: (1) Gastroesophageal
reflux disease is common in liver cirrhosis due to many mechanisms; however,
when symptomatic it is usually nocturnal and has an atypical presentation; (2)
Endoscopic band ligation is better than sclerotherapy in terms of its effect on
esophageal motility and seems to correct dysmotilities resulting from the
mechanical effect of esophageal varices; (3) Chronic alcoholism has no major
effects on esophageal motility activity other than lower esophageal sphincter
hypertension among those with alcoholic autonomic neuropathy; (4) An
association between primary biliary cholangitis and scleroderma can be present
and esophageal hypomotility is not uncommon in this scenario; and (5)
Cyclosporin-based immunosuppression in liver transplant patients can have a
neurotoxic effect on the esophageal myenteric plexus leading to reversible
achalasia-like manifestations.
Key Words: Esophagus; Motility; Cirrhosis; Dysmotility; Gastroesophageal reflux disease;
Manometry
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disorders in cirrhosis patients (with and without esophageal varices); (4) The impact of
variceal treatment on esophageal motility and function; (5) The impact of some
etiologies of cirrhosis on esophageal motility, particularly in cases of chronic
alcoholism and primary biliary cholangitis; and (6) The effect of immunosuppressive
therapy used in post liver transplantation patients on esophageal motility.
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INTRODUCTION
Disorders of esophageal motility have been described in patients with cirrhosis in a
small number of studies where conventional manometry was used to assess their
esophageal function. Likely, due to the severity of their liver disease, symptomatic
esophageal dysmotilities are rarely investigated in routine clinical practice for this
population. However, the clinical implications, especially in the setting of dysphagia,
can be potentially deleterious for a patient’s quality of life and nutritional status,
which may contribute to increased risk of complications and hepatic decompensation.
In this review, we aim to provide an overview of the available evidence on esophageal
motility disorders in cirrhosis and their clinical implications.
The review will cover the following topics: (1) The link between liver cirrhosis and
esophageal motility; (2) The association of liver cirrhosis with gastroesophageal reflux
disease (GERD); (3) Esophageal motility disorders in liver cirrhosis patients [with and
without esophageal varices (EV)]; (4) The impact of variceal treatment on esophageal
motility and function; (5) The impact of some etiologies of liver cirrhosis on
esophageal motility, particularly in cases of chronic alcoholism and primary biliary
cholangitis (PBC); and (6) The effect of immunosuppressive therapy used in post-liver
transplantation patients on esophageal motility.

HOW LIVER CIRRHOSIS CAN AFFECT ESOPHAGEAL MOTILITY
The contraction of the esophageal smooth muscle is regulated by both central and
peripheral control mechanisms in a complex mechanism. Vagal preganglionic motor
nerves synapse with postganglionic motor neurons in the myenteric plexus
(Auerbach’s plexus). Both pre- and post-ganglionic motor neurons can be excitatory or
inhibitory. The amplitude of contraction is determined by a balance between intrinsic
excitatory cholinergic, and inhibitory nitric oxide (NO) producing neurons. It was
found that of 60%-70% of myenteric neurons are connected to vagal excitatory efferent
neurons. Thus, in situations where parasympathetic hypofunction is evident, the
amplitude of peristaltic contractions would be hampered[1-3].
Liver cirrhosis is known to be associated with autonomic neuropathy
(parasympathetic hypofunction and sympathetic hyperfunction), increased NO
production, and gut hormonal changes that can impact esophageal motility and lead
to esophageal hypomotility[4].
Miyajima et al[5] studied the autonomic nervous function in 27 patients with liver
cirrhosis by using spectral analysis of heart rate variability. The results showed that
decreased parasympathetic tone and increased sympathetic tone are commonly
observed in patients with liver cirrhosis, particularly those in a hyperdynamic state.
The cause of this autonomic dysfunction was presumed to be caused by increased NO
production and increased activity of the renin-angiotensin system.
Also, Koshino et al[6] conducted a neuropathological study in autopsy specimens of
the esophagus of 8 cirrhotic patients with large EV, in which esophageal motility
disorders were demonstrated by esophageal manometry, esophagography, and
endoscopy. The histological findings were compared to those of 7 control patients
without esophageal or liver disease. The study demonstrated a significant reduction of
the number of ganglion cells at the myenteric plexus in the esophagus of cirrhotic
patients with large varices. Thus, the investigators suggested that such
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neuropathological changes may have contributed to, at least in part, the development
of impaired motility of the esophagus with large varices.

LIVER CIRRHOSIS AND GERD
Generally, the two mechanisms that mainly contribute to the pathogenesis of GERD
are: (1) Increased rate of transient lower esophageal sphincter (LES) relaxations; and
(2) Decreased LES resting pressure (LESP) leading to stress and spontaneous reflux.
Many factors in liver cirrhosis contribute to increases in LES relaxation: (1) Increased
NO concentration in patients with liver disease can lead to a decrease in the LESP and
increased transient LES relaxations[7]; (2) Increased levels of some gastrointestinal (GI)
hormones like vasoactive peptides and neurotensin are known to reduce the pressure
of the LES[8,9]; (3) The presence of ascites creates an increase in intra-abdominal
pressure[10,11]; and (4) Lastly, the presence of EV causes mechanical impairment of
esophageal emptying, thus extending the contact time between the refluxate and the
esophageal mucosa[12].
GERD can be viewed as a motility disorder involving the LES and the lower
esophagus. Detection and treatment of GERD in the setting of liver cirrhosis are
particularly important, as GERD can significantly affect the quality of life of those
patients. Also, persistent GERD is considered to be the main cause of esophagitis and
can lead to damage to the mucosal barrier possibly creating a nidus for bleeding. The
presence of esophagitis in cirrhotic patients has the potential to result in more
complications given the effects of cirrhosis on clotting factors and indirectly on
platelets.
The prevalence of GERD in liver cirrhosis patients was reported to be ranging
between 55%-64%[13,14]. Zhang et al[13] assessed 78 cirrhotic patients without EV using
esophageal manometry, simultaneous ambulatory 24-h esophageal pH, and bilirubin
monitoring and esophagogastric duodenal endoscopy (EGD). The study showed that
the resting LES pressure in cirrhotic patients was diminished. This manometric finding
was attributed to the high levels of NO in the systemic circulation of patients with
cirrhosis, leading to hypotensive LES and increased GERD. Moreover, the same study
reported a higher prevalence of reflux esophagitis (37%) compared to healthy controls.
The study also demonstrated that mixed acid and bile reflux was the main pattern of
reflux in cirrhotic patients with a stepwise increase of mixed reflux along with the
severity of liver function damage. However, assessment of the symptom burden in
those patients revealed that typical GERD symptoms were reported in just (32%) of
patients with cirrhosis, with the symptoms being predominantly nocturnal.
Another study of 1280 patients with the chronic liver disease found that patients
with the most severe cirrhosis had asymptomatic manifestations and/or atypical
GERD symptoms[15]. In this study, typical GERD symptoms only accounted for around
10% of cirrhotic patients.
Therefore, adding questions about atypical GERD symptoms should be a part of the
cirrhotic patient's history and possibly can be incorporated into variceal screening
indications. If present, GERD work-up should be done with EGD, or at least empirical
GERD treatment might be considered.

EV AND MOTILITY
Liver cirrhosis without varices
Two notable studies in the literature examined the effects of liver cirrhosis (without
the effect of varices) on the motility of the esophagus. A Chinese research group
assessed seventy-eight cirrhotic patients with no EV confirmed by upper endoscopy vs
thirty healthy control volunteers[13]. The study showed that cirrhotics without EV had
significantly abnormal LESP, peristaltic amplitude, peristaltic duration and velocity, in
comparison to those in the control group. LESP was significantly lower in patients
with severe liver function damage, and had a negative correlation with Child-Pugh
score (P < 0.01, r = -0.625). These results confirmed that liver cirrhosis itself is another
important factor impacting esophageal motility.
Another study by Passaretti et al[16], assessed esophageal motility in 45 patients with
cirrhosis and EV, 15 patients with cirrhosis without EV, and 20 healthy controls. The
study demonstrated diminished peristaltic wave amplitude in the lower esophagus.
In summary, the majority of cirrhotic patients without varices presented with
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esophageal dysmotility (particularly hypomotility), and it was concluded that cirrhosis
itself was an important causative factor.

Liver cirrhosis and varices
Abnormalities in esophageal motility may be further aggravated by the presence of
EV. A study that included 45 patients with EV and 45 healthy controls showed
decreased peristaltic wave amplitude and increased frequency of tertiary contractions
in the former group, but these abnormalities were not associated with symptoms[17].
Another study showed that the presence of varices was associated with an increase
in LES length and reduced lower esophageal contraction pressure and failure of
sphincter relaxation during swallowing[18].
Passaretti et al[16] compared cirrhotics with varices vs those without varices vs
controls. Cirrhotics with varices showed a decreased amplitude of peristaltic waves in
the lower half of the esophagus (P < 0.01). Resting LES pressure and duration of
sphincter relaxation were similar in patients and controls. The study proved that the
presence of EV is associated with more pronounced esophageal motility disorders and
that maybe the mechanical effect of the presence of varices. However, the clinical
significance of this observation is unclear as these disorders are rarely associated with
retrosternal pain or dysphagia. Thus, it seemed that EV itself, independent of the
cirrhosis, delayed esophageal clearance and increased the contact time between acid
and mucosa.
Furthermore, another study assessed esophageal transit used radionuclide material;
reported longer transit time in patients with large varices than in those with small
varices (8.3 ± 1.7 s vs 7.2 ± 0.7 s, P < 0.05)[19]. Another study using scintigraphy found
that esophageal transit was prolonged in 47.3% of patients with EV and 29.2% of
patients without varices (P < 0.05). Also, the frequency of esophageal transit alteration
was related to the severity of liver disease using the Child-Turcotte-Pugh (CTP) score,
(P < 0.01)[20].
Flores et al[21] included 74 patients suffering from liver cirrhosis and EV, without
previous endoscopic treatment. All of them performed esophageal manometry while
55 patients had 24-h pH monitoring. Esophageal motility disorders have been found in
44 patients (60%). The most prevalent was the ineffective esophageal motility (IEM),
observed in 28%. This showed that the majority of cirrhotic patients with treatmentnaive EV have esophageal motility disorder, mainly IEM. The clinical relevance of
these manometric findings needs more research in the scope to determine the real
significance of these abnormalities.

ESOPHAGEAL MOTILITY CHANGES AFTER VARICEAL TREATMENT
Band ligation
Endoscopic variceal ligation (EVL) has largely replaced sclerotherapy based on
comparative effectiveness in the management of acute variceal bleeding and
eradicating EV with considerably fewer complications. Also, EVL does not seem to
have a significant effect on esophageal motility[22]. Chen et al[17] examined forty-five
patients who had liver cirrhosis and EV before and after EVL. Another 45 matched
patients without hepatic, esophageal, or systemic disease served as the control group.
The study demonstrated that the LESP and contractile amplitude in the lower
esophagus was significantly lower in patients before EVL (P < 0.05) but returned to the
level of control subjects after EVL (P > 0.05). The percentage of tertiary waves was
significantly higher in patients before and after EVL than in the control group (P <
0.05). However, no significant swallowing disturbance was noted in patients after
EVL. The study further confirmed that the presence of varices affects esophageal
motility. Interestingly, EVL normalized esophageal motility and did not induce any
motility abnormality.
Another study showed similar results where manometric abnormalities detected
before banding were corrected after the procedure[23]. However, a different study
demonstrated an inverse correlation between the frequency of EVL sessions and
esophageal peristaltic amplitudes[24].
Regarding the relationship between EVL and GERD, de la Peña et al[25] assessed the
presence of GERD in twenty-six cirrhotic patients using pH monitoring before and
after EVL. Five patients had excess gastroesophageal reflux before the band ligation. A
further six patients developed excess gastroesophageal reflux after endoscopic
treatment. The only factor implicated in the development of excess gastroesophageal
reflux was the use of sclerosant at the end of treatment to ensure complete eradication.
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The study concluded that EVL does not significantly provoke excess GERD if
sclerosant is not used in the endoscopic technique.

Sclerotherapy
Endoscopic injection sclerotherapy (EIS), has a documented effect on esophageal
structure and motility. EIS mainly impacts the function of the lower esophagus
resulting in decreased amplitude and/or velocity and increased duration of the
peristaltic contractions, which may be replaced by non-propagating contractions[22]. It
may also prolong acid clearance, but this is usually transient and resolves within a
week. Therefore, a short course of antacid therapy is justified following EIS. A small
study, assessed esophageal motility pre and post EIS, showed decreased LES pressure
in the latter, but without a significant increase in GERD episodes[26]. The hypothesized
mechanism of this motility abnormality is that the sclerosing agent may induce vagal
nerve injury. EIS has been also associated with structural abnormalities, mainly
sclerosant-induced esophageal ulcerations and fibrotic strictures[27], and less commonly
with esophageal perforation[28]. Strictures can be associated with dysphagia and may
require endoscopic dilatation.
Bretagne et al[29] assessed the effects of EIS on esophageal symptoms and function.
The study included 24 cirrhotic patients 60 d after variceal eradication had been
achieved (group I); nine cirrhotics with varices (group II) and 16 normal volunteers
(group III) as a control group. After sclerotherapy, nine patients developed an
esophageal stricture and most of them had dysphagia. The percentage of patients with
abnormal peristaltic waves (non-propulsive contractions) was significantly more in the
sclerotherapy group. Also, the percentage of time below pH 4 did not differ between
the EIS group and the normal control group on 3 h postprandial esophageal pH
monitoring.
A similar conclusion was obtained by Sauerbruch et al[30], in which the study group
found that sclerotherapy of EV may lead to a reduced peristaltic esophageal motility
with an impaired transport function. This could contribute to the development of
dysphagia or esophagitis.
Masclee et al[31] tried to test the hypothesis that these complications result from vagal
nerve injury due to EIS. This was done by measuring pancreatic polypeptide secretion
in response to insulin-induced hypoglycemia (insulin 0.1 U/kg i.v.), a well-known
stimulus for vagal nerve function. Six patients with cirrhosis and variceal bleeding
were included before and 3 d after the first sclerotherapy (group A). Also, six other
patients with cirrhosis after 6 mo of successful repeated EIS (group B) and 12 control
subjects (group C) were tested. No significant reduction in the integrated pancreatic
polypeptide secretion between or within groups. However, only a transient and
reversible reduction in pancreatic polypeptide secretion were observed directly after
sclerotherapy.
GERD after EIS was investigated as a possible contributing factor in the
development of strictures following EIS[32]. Twelve randomly selected patients
underwent repeated EIS for the management of bleeding EV. Half of the patients
developed strictures; however, there were no significant differences between stricture
and non-stricture patients during 24 h of esophageal pH monitoring. It was concluded
that GERD is not likely to play a major role in EIS stricture formation.

Esophageal band ligation vs sclerotherapy
A randomized controlled study comparing esophageal function in patients receiving
EIS vs EVL following an episode of variceal bleeding. The esophageal function was
assessed utilizing esophageal manometry and 24-h pH study at presentation and a
month later[33]. EIS was associated with decreased peristaltic wave amplitude,
increased simultaneous contractions, and increased exposure to pH < 4. No
esophageal dysfunction was observed in the EVL group. As mentioned earlier, EVL
led to the partial improvement of esophageal dysmotility in 45 patients with cirrhosis
at 4-6 wk following variceal obliteration[17].
A comparison between these two endoscopic techniques was conducted by another
study by Goff et al[34]. Twenty-eight patients (seven with no prior treatment, eight
undergoing sclerotherapy, and 12 undergoing variceal ligation) were evaluated with a
symptom questionnaire and esophageal manometry. The study showed that variceal
ligation therapy causes less esophageal dysfunction and has fewer local complications,
as eight of the nine sclerotherapy patients had a stricture after treatment that required
dilatation, whereas none of the ligation patients had strictures.
Radionuclide esophageal transit tests were used to compare esophageal emptying
following EIS vs EVL[19]. The results showed significant impairment of esophageal
transit time with EIS but the impact was reversible. However, EVL exerts no
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significant impact on esophageal emptying.

Surgical treatment of varices
Ten to 15% of patients with variceal bleeding do not respond to non-operative
methods and require surgical intervention. Surgical options include shunt and nonshunt procedures. Devascularization (non-shunting) operations can serve in bridging
the interim waiting period until the definitive treatment (live transplantation) is
available to be done. In the United States, the options of non-surgical modalities, as
well as liver transplantation, are more easily available. However, in other parts of the
world where the facilities are not as well developed, devascularization procedures still
have a significant role to play in the emergency management of esophagogastric
variceal bleeding[35].
We found only one study discussing the effects of surgical variceal treatment on
esophageal function. Draczkowski et al[36] assessed the esophageal motility in patients
undergoing extensive devascularisation and esophageal transection. The study
examined eight patients before and after the operation. It demonstrated no significant
differences between pre and postoperative manometric findings, suggesting that the
surgery does not affect a significant effect on esophageal motility. Future studies are
needed to validate these findings.

IMPACT OF ALCOHOL ON ESOPHAGEAL MOTILITY
Alcohol consumption can affect the upper GI tract by multiple mechanisms relying
either on direct contact of ethanol and/or its metabolite acetaldehyde with the mucosa
as well as by the fermentation products of alcoholic beverages. These mechanisms can
lead to: (1) Inflammation of the esophageal and gastric mucosa; (2) Impairment of
motility and affection of GI sphincter pressures; and (3) Alteration of gastric acid
secretion. All these effects are considered reversible and dose-dependent[37-40].
Increased prevalence of GERD or reflux esophagitis has been reported in
alcoholics[41]. Inflammation of the esophageal mucosa induced by ethanol is caused by
direct damage of the mucosal barrier which predisposes tissue to acid injury. In animal
models, exposure of esophageal epithelium to HCl alone induced little or no
morphological or functional changes. However, the simultaneous exposure to both
ethanol and HCl resulted in significant morphologic and functional impairment[42].
Both acute and chronic alcohol consumption affects esophageal motility. Acute
ethanol administration in vivo, in man as well as in cats, caused a transient decrease in
the LESP, amplitude of contraction of the lower esophagus, and mucosal clearance due
to a primary and secondary peristalsis reduction[43]. In a cat model, cervical vagotomy
or nerve block did not prevent the effects of acute ethanol administration suggesting a
direct inhibitory effect of alcohol on esophageal muscle cells[44,45]. In an in vitro model,
carbachol-dependent shortening of the cells was significantly diminished when
esophageal smooth muscle cells were pre-exposed to ethanol, thus confirming that
ethanol directly inhibits the contractile activity of the esophageal muscle cells[44].
Conversely, the chronic effect of alcohol on esophageal motility resulted in an
increased tone of the LES and reduced esophageal clearance[43]. Yazir et al[46] reported
that chronic alcohol consumption in an alcohol-fed rat model, caused impairment of
LES relaxation and contractile responses of both LES and muscularis mucosa layer of
the esophagus.
Ferdinandis et al[47] examined twenty-three chronic alcoholic subjects and 12 control
subjects. Eight alcoholic subjects had heartburn and regurgitation but none had
dysphagia. Ten (43%) alcoholic subjects had autonomic neuropathy and four (17%)
had increased GERD. LES hypertension was observed in alcoholic subjects with
autonomic neuropathy. Esophageal body motility parameters (i.e., frequency,
duration, amplitude, and percentage of peristaltic waves) were not significantly
different between alcoholic subjects and controls.
These results of esophageal manometry on chronic alcoholic subjects, seem to show
that long-term ethanol intake has no major effects on the esophageal motility activity
other than LES hypertension among those with alcoholic autonomic neuropathy.

COEXISTENT PBC WITH CREST SYNDROME (REYNOLDS SYNDROME)
Esophageal motility abnormalities are well known in progressive systemic sclerosis
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(scleroderma/CREST syndrome), Sjögren's syndrome, and some rheumatic diseases
with sicca syndrome[48-50]. However, there is not enough data about esophageal
dysmotility in patients with PBC.
PBC is a chronic progressive autoimmune disease affecting intrahepatic bile
ducts[51]. A distinctive feature of PBC is its association with autoimmune disorders.
Sjögren’s syndrome and autoimmune thyroiditis appear to be the most common
extrahepatic[52].
PBC is reported to be associated with CREST syndrome in 1%-6% of cases[51].
Márquez Galán et al[53] described this entity in a mini-series of 6 patients with other
characteristics and thus, it is sometimes called PACK syndrome (PBC, anti-centromere
antibody, CREST syndrome, and keratoconjunctivitis sicca) or Reynolds syndrome.
Tojo et al[54] reported that, compared with PBC alone, patients with coexistent PBC and
CREST syndrome had a higher association of EV in earlier stages of PBC, higher titers
of anticentromere antibody, lower titers of antimitochondrial antibody, and a higher
prevalence of HLA-DR9.
Esophageal involvement in PBC was investigated using esophageal manometry in
18 patients with PBC vs control group of 18 matched subjects[55]. All patients were
screened for clinical manifestations of scleroderma and the presence of Sjögren’s
syndrome. Four patients had scleroderma. Three patients with scleroderma had
aperistalsis and diminished lower sphincter pressure. These results indicate that
esophageal motility dysfunction is often present in patients with PBC who have
scleroderma.
Another study detected esophageal dysmotility in 17 of 37 patients (45.9%) with
PBC[52]. The study showed that the most common esophageal motility abnormality in
this group of patients was IEM (10 non-specific esophageal motility disorder and 5
patients with esophageal hypomotility).
In summary, it should be remembered that PBC can be associated with an
extrahepatic autoimmune disorder such as limited cutaneous SSs (CREST syndrome).
Screening for these autoimmune disorders can prevent further morbidity and keep
patients viable candidates for a liver transplant.

IMPACT OF IMMUNOSUPPRESSIVES ON ESOPHAIN POST LIVER
TRANSPLANTATION PATIENTS
Cyclosporine A (CsA) is an immunosuppressive agent commonly used in liver
transplant patients. It is a calcineurin inhibitor drug that exerts its immunosuppressive
effect by preventing interleukin-2 (IL-2) production in T cells[56].
Koch et al[57] reported a case of a 59-year-old man who underwent liver
transplantation for cryptogenic liver cirrhosis. Initial immunosuppressive therapy
consisted of CsA-based immunosuppression.
Approximately 3 mo after discharge, the patient started to suffer from dysphagia
usually involving solids, associated with intermittent retrosternal pain and globus
sensation. A few weeks later, the case presented with vomiting/regurgitation, weight
loss, and severe dysphagia for solids and liquids. Esophageal manometry revealed the
pattern of achalasia with poor relaxation of the LES and simultaneous, repetitive
contractions in the esophageal body. CsA was then discontinued resulting in a
significant improvement of the esophageal symptoms. The dysphagia was completely
resolved during the follow-up, and the patient returned asymptomatic. Esophageal
manometry was repeated three months later, which showed recovery of the LES and
esophageal body functions to the normal range.
CsA (calcineurin inhibitor) exerted a neurotoxic effect on the intrinsic nerves of the
myenteric plexus, most likely affecting NO-producing neurons. Calcineurin is widely
distributed throughout the nervous system and, experimentally, calcineurin inhibition
leads to blockage of NO synthase activity, which may contribute to the reported
reversible esophageal motility disorder. In conclusion, esophageal manometry should
be considered early in the diagnostic workup in transplant patients on CsA-based
immunosuppression and presenting with dysphagia.

CONCLUSION
(1) GERD is common in cirrhosis and usually presents with atypical symptoms; (2) EV
can impact motility and band ligation is better than sclerotherapy regarding correcting
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dysmotilities; (3) Chronic alcoholism has no major effects on the esophageal motility
activity other than LES hypertension, on the other hand, acute ethanol consumption
seems to lower LES pressure; (4) Reynolds syndrome involves an association between
PBC and scleroderma. Esophageal hypomotility is expected in this setting; (5)
Cyclosporin-based immunosuppression in liver transplant patients can have a
neurotoxic effect on the esophageal myenteric plexus leading to reversible achalasialike manifestations; and (6) Future studies are needed to determine the association of
the liver disease with esophageal dysmotility particularly IEM. As an initial step,
studying the prevalence of non-obstructive dysphagia and non-cardiac chest pain in
this population will allow us to determine the utility of motility testing in this
population.
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INTRODUCTION
Metabolic associated fatty liver disease (MAFLD), previously termed non-alcoholic
fatty liver disease (NAFLD), has emerged as the most common cause of liver disease
globally[1]. With the expanding epidemic of obesity worldwide[2], MAFLD is becoming
an increasingly burdensome condition, both clinically and economically[3,4]. The global
prevalence of MAFLD was estimated at 25% in 2013, rising from 15% in 2005[1]. Obesity
and type 2 diabetes mellitus (T2DM) coexist in 51%-60% and up to 76% of individuals
with MAFLD, respectively. The peak age group affected is 45-62[1], however it is also a
disease of the older patient, with over 40% of people over the age of 60 years affected[5].
The term MAFLD encompasses all fatty liver disease states, which aligns with the
traditional view that NAFLD represents a spectrum of liver disease associated with
insulin resistance, starting with pure “benign” steatosis (NAFL), through to nonalcoholic steatohepatitis (NASH)[6], which is the inflammatory state that can lead to
advanced fibrosis or cirrhosis. The community prevalence of NASH is estimated to be
between 1.5% to 6.5%, however, data are sparse due to the reliance on liver biopsy for
diagnosis[7]. NASH is more rapidly progressive than benign steatosis, with fibrosis
progression occurring at approximately one fibrosis stage every seven years for NASH
and every 14 years for NAFL[8]. A subgroup of “rapid progressors” has been proposed
in NASH, with 21% of patients in the same study without significant fibrosis
progressing to F3/F4 fibrosis over median of 5.9 years. Once cirrhosis is established,
time to decompensation is variable but it is estimated that 10%-39% of patients with
cirrhosis will decompensate within five years[9-11]. The hepatocellular carcinoma (HCC)
risk in MAFLD cirrhosis is estimated to be 6.7% at 5 years, and 15% at 10 years[12]. This
variability in the natural history of NAFLD has driven the recent proposition to
rename this disease entity as MAFLD, which we have adopted for the majority of this
review. There are currently no approved pharmacological therapies that have been
proven to effectively halt disease progression in terms of decompensation or HCC
development.
Liver transplant (LT) is the major therapeutic intervention in well-selected patients
with MAFLD-related advanced liver disease and has a 5-year survival of 85%[13]. The
main indications for LT in MAFLD are clinical decompensation or HCC. MAFLD is the
fastest rising indication for LT in the United States, the second most common
indication for LT overall and the leading indication in female LT recipients[14,15]. Similar
trends have also been observed in Europe, Australia and New Zealand[16,17]. The
association of MAFLD with obesity, the metabolic syndrome, advancing patient age
and cardiovascular morbidity poses several unique challenges in the setting of liver
transplantation. This review aims to summarise current data regarding liver
transplantation and MAFLD by exploring the pre-, peri- and post-transplant
considerations in this patient group.

NOMENCLATURE
While the term NAFLD has been used since the 1980s to describe fatty liver disease in
the absence of significant alcohol intake or other causes of steatogenesis[18,19], it does not
adequately describe the underlying pathogenic factors that drive the disease process.
NAFLD is heterogenous, with a multitude of factors influencing disease severity and
natural history, including age, sex, ethnicity, alcohol intake, dietary habits, hormonal
status, genetics and epigenetics, microbiota and metabolic status. At an individual
level, disease phenotype is shaped by the dynamic interplay between genetics,
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metabolic status and environment, and the predominant driver is different between
individuals with the same overarching disease. This heterogeneity is clinically
important when considering the natural history of disease, non-invasive assessment of
fibrosis, applicability of animal modelling and the generalisability of clinical trials.
Furthermore, the term NAFLD has derogatory connotations with the use of terms
“alcoholic” and “fatty”, which may imply blame on the patient for their condition and
create stigma. These factors have sparked a revision of the definition and
nomenclature of NAFLD, with four aspects cited as main factors in support of a
change[20]; that this disease should be diagnosed by inclusion rather than exclusion,
that its name should not be directly linked to alcohol, that dichotomous stratification
into NASH and non-NASH can be misleading, and that considering disease
heterogeneity is vital when approaching management or the design and interpretation
of clinical trials.
Recent survey results from an international expert consensus panel reported that the
majority panel members believed the terminology should be updated, and that the
words “metabolism”, “fat”, and “liver” should be included in disease
nomenclature[21]. Metabolic associated fatty liver +/- disease (MAFL/MAFLD)
emerged as the most preferred term, acting as an “umbrella term” for the
heterogeneity of disease and reflecting metabolic factors as the major driver of the
disease, rather than a lack of alcohol. The proposed criteria for a positive diagnosis of
MAFLD are based on histological, imaging or blood biomarker evidence of hepatic
steatosis, in addition to the presence of at least one of the following: Obesity, T2DM, or
metabolic dysregulation[20]. Hence, this diagnosis can exist regardless of alcohol
consumption or other co-existing liver diseases. Renaming fatty liver disease and
refocusing the conceptualisation of the disease process to its metabolic underpinning
may help to spur a paradigm shift in the approach to its management; in research
design and targets, system-wide interventions, funding and public and patient
perception[19]. For the purpose of this review, we have used MAFLD in place of
NAFLD, particularly as MAFLD is yet to be accepted universally[22] and the term
NASH has been removed in the new nomenclature. The term NASH dominates the
literature in the setting of LT, reflecting a progressive phenotype of disease and hence
we have continued to use NASH as used in the cited studies. We acknowledge and
support that this change in nomenclature to MAFLD could be valuable in highlighting
the added complexities of managing metabolic disease in pre-, peri- and posttransplant settings (Figure 1).

METABOLIC ASSOCIATED FATTY LIVER DISEASE AND TRENDS IN
LIVER TRANSPLANTATION
Chronic Hepatitis C virus (HCV) infection has previously been the leading global
indication for LT. However, with the advent of direct acting antivirals (DAAs), this
landscape is dramatically changing. It is anticipated that MAFLD related cirrhosis and
HCC will become the leading indication for LT within the next decade[23,24]. Even before
the widespread use of DAAs for HCV, MAFLD was the most rapidly rising etiology in
LT recipients in the United States, increasing four-fold from 2002 to 2012[25]. NASH has
now emerged as the second leading etiology of chronic liver disease for LT recipients
in the United States. Examination of United Network for Organ Sharing and Organ
Procurement and Transplantation (UNOS/OPTN) data from 2004 to 2013 found that
new waitlist registrants with NASH increased by 170%, compared with 45% for
alcohol related liver disease (ALD) and 14% with HCV[26]. The Australia and New
Zealand Liver and Intestinal Transplant Registry reports that the proportion of
patients transplanted for MAFLD has increased from 8.0% to 10.2% from 2012 to 2018,
compared with a reduction from 33.8% to 13.3% for HCV[13]. European Liver
Transplant Registry (ELTR) rates of LT for NASH have increased from 1.2% in 2002 to
8.4% in 2016[27]. UNOS/OPTN data also found that NASH is now the leading
indication for LT in females, increasing by 91% from 2004 to 2016[15]. In men, NASH
increased by 120% over the same period, second only to alcohol related liver disease[15].
MAFLD has also emerged as the fastest growing cause of HCC in LT candidates. On
the basis of Scientific Registry of Transplant Recipients (SRTR) data from 2002-2016,
the proportion of NASH in HCC in LT candidates increased sevenfold over that time
period, from 2.1% to 16.2%, while the proportion with HCV and ALD remained stable.
While HCV remains the leading etiology of HCC in waitlisted candidates at 48% in
2017, NASH is now the second leading etiology at 18%, compared with 2% in 2002[14].
Data from the UNOS/OPTN registry demonstrate similar results, with the number of

WJH

https://www.wjgnet.com

1170

December 27, 2020

Volume 12

Issue 12

Gill MG et al. Metabolic associated fatty liver disease

Figure 1 Metabolic associated fatty liver disease and the influence on liver transplantation. MAFLD: Metabolic associated fatty liver disease.

patients undergoing LT for HCC secondary to NASH increasing 4-fold from 2002 to
2012, representing 13.5% of patients in 2012, second only to HCV at 49.9%[25]. In Europe
from 2002-2016, 39.1% of patients transplanted for NASH had HCC compared with
28.9% of non-NASH patients[27]. In Australia and New Zealand, similar trends have
been observed with NASH associated HCC increasing from 4% of LTs performed in
2004 to 14% in 2017[28].
MAFLD may pose specific challenges on the LT waiting list. A study using
UNOS/OPTN data[26] reported that ALD patients were least likely to survive on the
waiting list at one year [likely because of higher Model for End Stage Liver Disease
(MELD) scores at time of registration]. However, after adjusting for MELD, patients
with ALD, HCV or a combination of the two were more likely to survive 90 d on the
liver LT waitlist compared with NASH patients. Similar outcomes were also
demonstrated at one year.
An important factor in considering longer term data trends in MAFLD and
transplantation is the recognition that the majority of patients formerly diagnosed with
cryptogenic cirrhosis (CC) likely had “burnt out” NASH[26,29]. Whether the waitlist and
post-transplant outcomes for CC can now be considered interchangeable with NASH
remains controversial. Golabi et al[30] used SRTR data from 1994 to 2016 to compare
outcomes of patients listed or transplanted for NASH or CC in the United States.
NASH and CC accounted for 12.5% of total listings; the term NASH was not used until
2004 and became more prevalent than CC by 2009. The total CC + NASH rate
increased from 8.3% in 2012, to 19.5% in 2016. Interesting, there was almost no pretransplant diabetes recorded in any liver transplant patients prior to 2004, possibly as
LT recipient selection was historically more restrictive in terms of comorbidities. After
2004, diabetes was found at rate of 40%-55% in NASH diagnoses, 30%-35% in CC
diagnoses and 14%-18% in other chronic lung disease (CLD) controls. A similar trend
was seen for obesity, although unlike diabetes, the rates of obesity in CC were stable
pre- and post-2004. As the rates of metabolic syndrome were considerably higher in
CC patients vs other CLD controls, the authors concluded that a large proportion of
CC patients listed for LT have underlying NASH. Post-transplant diabetes was similar
in the CC and NASH group, and higher than other CLD controls, inferring that the
same metabolic risk underlies liver disease in CC vs NASH. Post-transplant outcomes
were similar in patients whether CC or NASH was the listing diagnosis. In contrast, in
an analysis of Australian registry data from 1994-2017, the phenotypic profiles of
NASH and CC were examined, and NASH patients has a significantly higher
proportion of diabetes (50% vs 16%), hypertension and coronary artery disease, as well
as a higher mean body weight at time of LT (93.8 vs 68.1 kg), suggesting a low
misclassification rate[28]. With the evolution of MAFLD as a diagnosis of inclusion,
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future classification of MAFLD patients in these databases could be much clearer.

PRE-TRANSPLANT ASSESSMENT
Several predisposing factors for MAFLD have been identified (Figure 1), however, not
all have clinical relevance in the setting of pre-LT assessment. Established genetic
polymorphisms associated with MAFLD progression such as PNPLA3 (patatin-like
phospholipase domain-containing protein) and TM6SF2 (transmembrane 6
superfamily member 2) are not routinely screened for, but may have some influence
on post-LT steatosis[31,32]. Similarly, the role of epigenetic factors and the microbiome,
beyond traditional metabolic risk factor assessment and modification, are yet to be
elucidated in the assessment candidates for LT[21].
As MAFLD often co-exists with metabolic syndrome components and is associated
with increased cardiovascular risk, careful evaluation of comorbidities is paramount in
pre-LT assessment. Aggressive risk factor modification should be initiated or
continued on the waiting list where possible. However, there are scant data to support
a specific strategy for the management of comorbidities in MAFLD patients compared
to other etiologies. An approach to MAFLD and LT is presented in Table 1.

Cardiovascular disease
The presence of MAFLD carries a significant risk of cardiovascular disease, which is
the most common cause of death in this group. Whether MAFLD per se is an
independent driver of cardiovascular disease remains contentious[33], the degree of
hepatic fibrosis is clearly proportional to cardiovascular risk. A large meta-analysis of
16 studies with over 34000 participants found that the presence of MAFLD was
associated with a 64% increased risk of fatal and non-fatal cardiovascular events over a
median of seven years follow up, with risk increasing with severity of liver disease,
however traditional cardiovascular risk factors were not controlled for[34]. Another
large study of European primary care databases found that after adjusting for age, sex,
smoking and classic metabolic risk factors (hypertension, T2DM, high cholesterol and
statin use), there was no positive association between MAFLD and myocardial
infarction or stroke, concluding that cardiovascular risk assessment in adults with
MAFLD should be conducted in the same way as for the general population[35]. A
single-centre retrospective study of 115 NASH patients undergoing LT, compared to
127 controls with ALD, found that patients with NASH were 4-fold more likely to
have a cardiovascular event in the first year after LT, even when controlling for
traditional risk factors. The majority (70%) of these events occurred in the postoperative period. There was no difference between patient, graft or cardiovascular
mortality between the groups[36].
Whether driven by MAFLD itself or traditional risk factors, patients with advanced
liver disease being considered for LT are at great risk of clinically evident or subclinical cardiovascular disease. The aim of pre-transplant assessment is to diagnose
and manage this pre-LT[37], in particular coronary artery disease, portopulmonary
hypertension, and myocardial disease. However, there is currently insufficient
evidence to recommend a specific approach to pre-LT cardiovascular assessment in the
MAFLD population. A combination of stress-testing, cardiac imaging and invasive
angiography may be often required, however the approach to assessment is generally
dictated by local protocols and cardiology expertise[38].

Diabetes, hypertension and dyslipidemia
The presence of pre-transplant diabetes has an adverse effect on mortality, with or
without MAFLD. An analysis of SRTR data between 1994 and 2013 found that 11.2% of
85194 LT recipients had pre-transplant diabetes. Diabetes pre-LT was found to be an
independent predictor of LT recipient mortality with an adjusted hazard ratio of 1.21
(95%CI: 1.12-1.30)[39]. An Australian multicentre cohort study of 617 patients
undergoing LT, pre-LT diabetes was associated with reduced post-transplant survival
(hazard ratio: 1.89, 95%CI: 1.25–2.86), whereas obesity, hypertension, dyslipidemia,
and the metabolic syndrome itself were not. Obese diabetic patients had longer
intensive care and hospital stays than non- obese diabetic or obese, non-diabetic
patients. The impact of diabetes and obesity was greater in older patients and those
with HCC[40]. These results were not specific to patients with NASH as the indication
for LT. Optimal glucose control is paramount in the pre- and peri-LT setting, in light of
increased postsurgical complications with poor glucose control[41].
While management of the modifiable risks of diabetes, hypertension and
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Table 1 Approach to metabolic associated fatty liver disease in the transplant candidate
Management
Challenges
stage
Pre-transplant

Peri-operative

Considerations

Approach

Cardiovascular
disease

Most common cause of death in MAFLD patients; Older
patients with multiple comorbidities driving cardiovascular
risk, disease may be subclinical; Pharmacologic optimisation
of risk factors can be limited by liver dysfunction e.g.,
statins, beta blockade, anti-platelets agents

Rigorous pre-transplant assessment including stress
echocardiography and coronary angiography in high
risk patients; Risk factor modification as per general
population

T2DM

Pre-LT diabetes associated with reduced survival post-LT;
Poor glycemic control immediately pre-LT and peri- LT
increases surgical complications

Tight glycemic control during waitlist period and perioperative; Multidisciplinary approach to diabetic
management

Renal
dysfunction

Multifactorial in MAFLD, with hypertension and T2DM;
Even mild disease at time of LT associated with higher risk
of all-cause and cardiovascular mortality

Prevent even small deterioration in renal function prior
to LT; Consider simultaneous liver kidney transplant
where indicated

Nutrition

Pre-LT nutrition has major influence on post-LT morbidity,
mortality and hospital stay; Assessment is difficult in obese
patients and those with ascites; Sarcopenic obesity and
myosteatosis are common. Risk factors for long term
mortality

Specialist nutritional consultation prior to transplant
with assessment for sarcopenia; High energy, high
protein diet with enteral feeding if required

Obesity

More common in MAFLD than other etiologies; Perioperative challenges e.g., surgical technique, wound
infection and dehiscence, biliary complications; Balancing
healthy weight loss in pre-LT period with muscle loss and
sarcopenia; Exercise often limited by frailty and possible
transient increases in portal pressure with excessive strain

Controlled weight loss in pre-LT period ensuring
protein requirements met. Very low-calorie diets not
recommendedBariatric surgery pre-LT or
simultaneously with LT in highly selected patients.
Sleeve gastrectomy preferred over laparoscopic banding
or gastric bypass

Donor steatosis

Donor steatosis > 30% is a risk factor for primary graft nonfunction and graft loss; Balancing risk of complications with
steatotic donors against organ availability and demand

Assessment of hepatic steatosis at all stages of organ
procurement; Future possibilities with machine
perfusion and liver reconditioning

Cardiovascular
risk

NASH patients more likely to have cardiovascular events in
the post-operative period

Careful pre-operative assessment to predict risk; Close
perioperative monitoring

Due to non-dynamic genetic, metabolic and behavioural
factors, 50% of MAFLD transplant recipients have recurrent
MAFLD post-LT

Choice of less diabetogenic immunosuppression
regimen e.g., steroid free protocols, CNI sparing;
Lifestyle and behavioural modification and traditional
risk factor modifications e.g., hyperlipidemia,
hypertension as per general population

Post-transplant Recurrent
MAFLD

De novo MAFLD Contributors to new MAFLD post-LT include diabetogenic
medications e.g., CNI, steroids, obesity related to steroids,
inactivity and return of appetite

As above

MAFLD: Metabolic associated fatty Liver disease; LT: Liver transplant; T2DM: Type 2 diabetes mellitus; CNI: Calcineurin inhibitor.

dyslipidemia in the pre-transplant setting is vital, there is no evidence to suggest that
the approach should be different in or specific to the MAFLD patient as opposed other
etiologies, although the prevalence of these comorbidities may be higher[38].

Renal dysfunction
Renal dysfunction in MAFLD is often multifactorial, with concomitant hypertension
and T2DM as common risk factors for chronic kidney disease in addition to the
spectrum of hepatorenal syndrome seen in end stage liver disease. Renal dysfunction
is an important risk factor for post-LT cardiovascular disease and mortality, with even
mild renal disease at the time of LT being associated with higher risk of all-cause and
cardiovascular mortality, independent of measured confounders[42]. This study also
showed that each five-unit reduction in estimated glomerular filtration rate was
associated with a 2% higher risk of all-cause mortality and 5% higher hazard ratio of
cardiovascular mortality. Based on UNOS/OPTN data, NASH is the most rapidly
growing indication for simultaneous liver kidney transplant (SLKT)[43,44]. NASH and
CC accounted for 22% of all SLKT in 2011, compared with 9% in 2002[43]. While patient
and liver graft outcomes are similar in NASH plus CC compared to other etiologies,
the risk of kidney graft loss at five years has been reported as over 1.5 fold higher in
NASH patients after controlling for recipient characteristics[44]. In the pre-transplant
setting, the goal is to prevent small deteriorations in renal function prior to transplant
and to consider SLKT where indicated[38].
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Obesity
Obesity is a common pre-LT issue in patients with MAFLD and results in added
complexities that include managing sarcopenic obesity, the assessment of obesity with
fluid overload and considerations regarding bariatric surgery. As well as the
correlation of obesity with traditional cardiovascular comorbidities, obesity presents
potential peri-operative challenges that include technical surgical issues, wound
infection, wound dehiscence and biliary complications[45,46]. However, obesity does not
appear to have a clear adverse effect on mortality[47,48]. Between 2002 and 2011, 33% of
LT recipients in the United States were classified as obese using body mass index
(BMI) compared to 20% in the period between 1988 and 1996[49,50]. The presence of
ascites confounds BMI, and when corrected for 11%-20% of patients were reclassified
to a lower BMI classification in one study of 1330 LT recipients. This study also
showed that patient and graft survival were similar across all BMI categories[47].
Interestingly, overweight and class 1 obese patient had better survival compared to
those with normal BMI values, even after adjustment for both ascites and albumin
levels. Setting strict BMI cut-offs for LT candidacy remains controversial, and there are
limited data to guide this[45]. Class I-III obesity alone does not currently contraindicate
LT[38,46]. Similarly, weight loss is a general goal in the Pre-LT setting, however, there are
no specific targets or consensus regarding specific diet and exercise
regimens. Traditional lifestyle modification used in obesity is generally safe in the preLT population[51], however, excessive intrabdominal straining may lead to transient
increases in portal pressure[52]. Avoidance of very low-calorie diets (less than 1000
calories per day) is recommended. Specialist nutritionist consultation should be sought
to optimise weight loss and balance this with protein and energy requirements for
advanced chronic liver disease. Patients with BMI > 35 despite traditional lifestyle
modification should be considered for bariatric surgery (BS)[45].
There is ongoing debate regarding patient selection, timing and type of BS in the
context of LT. In pre-transplant patients with cirrhosis, malnutrition and sarcopenia
following BS can have an adverse effect on delisting and waitlist mortality. In a study
of 78 patients with cirrhosis who underwent BS (predominantly Roux-en-Y bypass
procedure) with matched controls, NASH was the underlying etiology for liver disease
in almost half the patients. The median time from BS to LT was 7 years. Delisting or
death on the waiting list was higher in the BS group (33.3% vs 10.1%, P = 0.002) and
the transplantation rate was lower (48.9% vs 65.2%, P = 0.03). Despite similar BMIs
between the two groups, the prevalence of malnutrition was higher in the BS group at
the time of LT evaluation with 64% being malnourished vs 39% of the control cohort.
These outcomes could be affected by selection bias in the study, where patients
undergoing inappropriate BS may have decompensated as a result, and only those
who went on to LT assessment were included and thus not factoring in a group where
BS may have attenuated the need for LT[53]. In a pilot of 6 cirrhotic patients, obesityassociated complications improved or resolved in all patients and nutritional
parameters with similar to pre-operative levels[54]. It remains unclear where posttransplant outcomes are improved by obesity intervention pre-transplant.
When choosing the type of BS, LT adds complexity. Gastric bands pose an infection
risk in an immunosuppressed patient. Roux-en-Y may be more technically challenging
post-transplant, and lack of endoscopic access to the biliary system and gastric
remnant may be problematic in the setting of biliary anastomotic strictures or
gastrointestinal bleeding[55]. Therefore, sleeve gastrectomy (SG) is generally preferred
in this patient population. SG can be done pre-LT, simultaneously during LT or postLT. SG in cirrhotic patients has only been shown to be safe and efficacious in small
retrospective reviews[56] or series in Child-Turcotte-Pugh A patients[54,57]. One small
prospective study compared LT alone to simultaneous LT with SG (LT + SG) and
demonstrated that patients who underwent LT + SG maintained a significantly higher
percentage of total body weight loss after 3 years of follow-up. A lower prevalence of
hypertension, insulin resistance, and hepatic steatosis was also demonstrated[58]. This
approach can be considered in patients who have significant risk of metabolic or
cardiovascular problems post-LT. Bariatric surgery may also be performed posttransplant.

Nutrition and sarcopenia
Pre-LT nutritional status has a major influence on post-LT outcomes, including
morbidity, mortality and hospital stay[59]. Malnutrition is common in the pre-LT
population and is driven by reduced dietary intake, malabsorption and altered energy
metabolism[60]. However, diagnosis can be challenging in the obese patient with
decompensated cirrhosis, particularly in the presence of ascites[61,62]. Specialist
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nutritionist consultation should be undertaken in pre-LT patients, particularly as BMI
and subjective global assessment are unreliable in this patient cohort[63]. Tools such as
handgrip strength are emerging as a useful bedside test in stratifying and
prognosticating in sarcopenia[64], as well as subcutaneous adipose tissue index in
females[65]. Sarcopenia is characterised by a progressive decline of skeletal muscle and
strength and is independently associated with mortality in cirrhosis[66]. In a study of
142 patients awaiting LT, 41% were sarcopenic, and this was associated with an over
two-fold risk of waiting-list mortality compared to participants without sarcopenia[63].
The coexistence of low muscle mass and increased fat mass is referred to as
“sarcopenic obesity” and is estimated to affect up to 35% of patients on the LT waiting
list[67]. “Myosteatosis” is defined as pathological fat accumulation in skeletal muscle,
either intramyocellular or intermuscular, and has been reported in more than 50% of
patients with cirrhosis evaluated for liver transplantation[68]. Both sarcopenia and
myosteatosis have been shown to be independent risk factors for long-term mortality
in cirrhosis[68]. There are limited data available regarding interventions for sarcopenic
obesity in cirrhosis, let alone distinguishing MAFLD patients from other etiologies of
chronic liver disease. There is much work to be done to further define these conditions
and to develop an evidence base to direct recommendations for nutritional, exercise
and pharmacologic therapies in cirrhotic patients and those awaiting liver
transplant[67].

Malignancy
It is well established that obesity is associated with increased risk of a number of
cancers, including endometrial cancer, esophageal adenocarcinoma, gastric cardia
cancer and renal cell carcinoma[69]. Metabolic syndrome has been associated with
increased risk of colorectal adenoma and/or cancer[70]. However, an independent
association between MAFLD and colorectal malignancy remains contentious[71], with a
meta-analysis showing association with adenoma only, not colorectal cancer[72]. All LT
patients are evaluated for risk of malignancy and investigated or screened according to
local guidelines. There is currently no evidence to support additional screening
measures for extra-hepatic malignancy in pre-transplant patients with MAFLD.

POST-TRANSPLANT OUTCOMES
Post-LT survival of patients with MAFLD appears similar to non-MAFLD patients,
supported by large registry studies from the United States[24,73,74] and the ELTR[27]. From
these studies, 5-year survival was 73%-81% in NASH (+/- CC), compared with 75%80% in non-NASH non-CC. The 10-year patient survival in NASH was 62% according
to ELTR data from 2002-2016 compared with 63% in non-NASH[27]. Survival was lower
in patients transplanted for HCC with NASH (47%) compared to HCC without NASH
(53%). UNOS data from 1997-2010, 10-year patient survival was 75% in NASH+CC
compared with 73% in non-NASH non-CC[73]. In the European cohort, cardiovascular
mortality was the second most common cause of death (after infection) with no
difference between NASH and non-NASH groups. Increasing age, MELD and
extremes of BMI independently predicted death in patients transplanted for NASH
without HCC[27]. A limitation of the comparator non-MAFLD groups in large registry
studies is that they mostly do not include data after the widespread use of DAAs for
HCV, suggesting that more recent outcomes may be different. Small studies have
reported increased 30-d and 1-year mortality in NASH LT-recipients, attributed
mainly to infection[30,75]. There is no evidence that patients who have undergone LT for
MAFLD are at any greater risk of extra-hepatic malignancy post-transplant than other
indications and therefore routine post-LT malignancy screening in line with local
protocols is recommended.
Given the underlying genetic and environmental factors that drive MAFLD
(Figure 1), it is unsurprising that MAFLD may recur post-transplant. It is estimated
that 50% of MAFLD transplant recipients have recurrent MAFLD, 75% of which have
NASH[76,77], however less than 10% develop advanced fibrosis[76,78]. The true incidence
and risk factors for recurrent and de novo MAFLD post-transplant is difficult to
elucidate due to significant heterogeneity in studies, as reported in a recent systematic
review[79]. The 1-, 3-, and ≥ 5-year incidence rates were found to be 59%, 57%, and 82%
for recurrent MAFLD and 53%, 57, and 48% for recurrent NASH, however there was
low confidence in this result due to significant heterogeneity and high risk of bias in
the included studies. Multivariate analysis demonstrated that post-LT body mass
index and hyperlipidemia were the most consistent predictors of outcomes[79].
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De novo MAFLD after transplant
Many factors contribute to post-LT MAFLD, including post-transplant diabetes,
obesity and medication, but the prevention of post-LT MAFLD is similar other
indications for LT such as HCV or ALD. From an aforementioned systematic review,
the mean 1-, 3-, and ≥ 5-year incidence rates for de novo MAFLD were 67%, 40%, and
78% and 13%, 16%, and 17% for de novo NASH[79].
Risk factors for both recurrent and de novo MAFLD include weight gain, diabetes,
hyperlipidemia, hypertension and possibly female sex[79-82]. High dose corticosteroids
are associated with hepatic steatosis and metabolic syndrome post-LT[83], as they are in
the general population. Possible approaches to risk reduction include early steroid
minimisation or steroid-free induction immunosuppression[82,84]. Sirolimus based
immunosuppression has been recently associated with de novo MAFLD post-LT[85].
Calcineurin inhibitors such as tacrolimus and cyclosporin are also diabetogenic but
their effect on de novo MAFLD has not been studied. Golabi et al[30] noted in their study
of SRTR data from 1994 to 2016 that the incidence of post-LT diabetes is declining,
likely because of the use of less diabetogenic immunosuppression.
Donor genetic polymorphisms associated with MAFLD (PNPLA3, TM6SF2) have
been implicated in de novo steatosis post LT[31,32], however, this is yet to have significant
clinical management implications. Similarly, the influence of epigenetics and
the microbiome in de novo MAFLD after LT requires further research to identify if and
how these factors may differ from the pre-LT setting.

Hepatic steatosis and potential liver donors
The degree of steatosis in a potential donor liver graft is an important factor in organ
selection and affects liver allograft function. Hepatic steatosis (HS) can be either
macro- or microvesicular based on the size of the triglyceride droplets in the
hepatocyte; with the former having a greater effect on graft quality. When
macrovascular steatosis exceeds 60%, discarding the graft is recommended because of
the high rate of primary graft non-function[86,87]. Moderate to severe steatosis (> 30%) is
also a risk factor for graft loss and early allograft dysfunction and careful assessment
of donor and recipient factors is required if such organs are to be considered for use[88].
Mechanisms associated with poor graft function are not well defined, but include
higher susceptibility to ischemia/reperfusion injury[89], toxic cytokine formation,
Kupffer cell activation, sinusoidal microcirculatory disorder and injury, which can be
compounded in donation after circulatory death donor livers[90]. The degree of HS can
be assessed at different stages of organ procurement; with prognostic scores based on
donor factors, imaging before harvest and biopsy after procurement. Surgeons mostly
rely largely on visual inspection of the liver to assess the degree of HS, which places
considerable pressure on the procurement team to make a rapid decision, with
significant consequences if inaccurate. With the increasing number of donor organs
affected by HS in line with the obesity epidemic, the risk of complications from
steatotic donors must be weighed up against organ availability and waitlist mortality
while awaiting a subsequent offer. In a recent study of 13362 waitlisted patients who
accepted a steatotic donor offer (> 30% macrosteatosis on biopsy), only 53.1% were
subsequently transplanted; 23.8% died and 19.4% were removed from the waitlist[91]. In
the 759 recipients who received a steatotic graft, peri-operative morality was higher in
the first month but the mortality risk was 62% lower beyond this[91]. Candidates with
MELD score of 6-21 who accepted a steatotic graft had a 7.88-fold higher mortality risk
in the first month posttransplant, whereas MELD 35-40 candidates had a 68% lower
mortality risk[91]. In selected patients, the risk of a graft with HS may outweigh the risk
of waitlist mortality. Ex-situ machine perfusion is a promising therapy that may
recondition steatotic livers for transplantation and nay play a key role in addressing
this issue in the future[88,92].

CONCLUSION
MAFLD is likely to become the leading global indication for liver transplantation
within the next decade. This changing epidemiology brings the challenges of
managing ageing, comorbid patients on the waiting list, through the peri-transplant
period and in the long term. However, post-LT outcomes in MAFLD patients appear
similar to non-MAFLD indications which implies that with good recipient selection,
the outlook for MAFLD patients undergoing LT is optimistic. The rising prevalence of
MAFLD has implication for both living and deceased donor livers, and balancing graft
quality with organ demand will be an ongoing issue for transplant programs. As the
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conceptualisation of MAFLD evolves, so will the ability to better predict disease
behaviour and progression, to tailor treatment and to observe patterns of outcomes in
liver transplantation across the patient spectrum and therefore address the multiple
challenges posed by this disease.
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Abstract
The 2019 novel coronavirus disease (COVID-19) pandemic due to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has posed a serious threat to
global public health. Although primarily, the infection causes lung injury, liver
enzyme abnormalities have also been reported to occur during the course of the
disease. We conducted an extensive literature review using the PubMed database
on articles covering a broad range of issues related to COVID-19 and hepatic
injury. The present review summarizes available information on the spectrum of
liver involvement, the possible mechanisms and risk factors of liver injury due to
SARS-CoV-2 infection, and the prognostic significance of the presence of liver
injury. Hopefully, this review will enable clinicians, especially the hepatologists,
to understand and manage the liver derangements they may encounter in these
patients better and provide guidance for further studies on the liver injury of
COVID-19.
Key Words: COVID-19; Hepatitis; Infectious disease; Liver injury; SARS-CoV-2;
Management
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Core Tip: Hepatic injury in coronavirus disease 2019 (COVID-19) has been widely
observed. Although the pathogenic mechanisms still remain unclear, it is believed to be
due to interplay of multiple factors. In this review, we have tried to discuss the
pathophysiological mechanisms of hepatic injury in the context of COVID-19 and have
proposed a management outline of such injury.
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INTRODUCTION
An outbreak of novel corona virus (severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) infection occurred in Hubei province of Wuhan, China in December,
2019 and since then it has assumed the form of a pandemic spanning 213 countries
with more than 26.3 million confirmed cases worldwide and causing 869000 deaths as
of September 3, 2020[1]. The syndrome caused by the virus SARS-CoV-2 has been
named coronavirus disease 2019 (COVID-19). The virus can cause an acute respiratory
illness which resolves quickly but may also lead to massive alveolar damage with
respiratory failure. Although the presenting complaints are chiefly respiratory, the
gastrointestinal system and the liver, in particular have also been found to be
affected[2]. This is evident in a large series of 5700 cases from New York where the
authors reported liver enzymes abnormalities in more than half of the cases[3].

2020
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CLINICAL PROFILE OF PATIENTS OF COVID-19
SARS-CoV-2 primarily causes a respiratory syndrome heralded by fever, myalgia, sore
throat, runny nose and dyspnea in severe cases. COVID-19 has been reported to have a
slight male predilection of around 73% and a median age of presentation of 49 years[4].
Amongst other atypical symptoms, diarrhea has also been reported to occur as a
presenting complaint in the absence of respiratory symptoms. What is also concerning
is that 32% of the patients required intensive care unit (ICU) admission, of which 15%
expired. Another study reported by Wang et al[5] that included 138 patients also
reported similar clinical characteristics. It has also been reported that many of the
patients belonging to the elderly age group who become severely ill have evidence of
underlying illness such as cardiovascular disease, liver disease, kidney disease, or
malignancies[3].
A significant proportion of the patients with COVID-19 have also been found to
have a number of digestive disorders like anorexia, nausea, vomiting, diarrhea and
abdominal pain[6]. The involvement of the gastrointestinal system, and the
hepatobiliary system in particular, is significant in view of the fact that the case studies
and data from The Fifth Medical Centre of PLS General Hospital, Beijing, China
indicate that 2%-11% of patients with COVID-19 had liver comorbidities and 14%-53%
cases reported abnormal levels of alanine aminotransferase and aspartate
aminotransferase (AST) during disease progression[2]. Also, it was observed that the
synthetic function of the liver was affected, being evident in the fact that prothrombin
time prolongation was more significant in patients with digestive symptoms[6].

CORONAVIRUSES AND LIVER INJURY
Similar to the current pandemic, studies had showed that liver injury also occurred in
patients with SARS-which broke out two decades ago—manifesting mainly as
transaminitis along with increases in serum bilirubin and decreased serum albumin[7].
It was found that, apart from causing alveolar injury, SARS also caused direct
hepatocyte injury by using angiotensin converting enzyme 2 (ACE2) receptor for
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cellular entry, which is abundantly expressed in the liver[8]. Further confirmation of
this came from reverse transcription polymerase chain reaction (RT-PCR) based
evidence of SARS-associated coronavirus in the liver tissues despite electron
microscopy failing to identify viral particles[9].
Similarly, Middle East respiratory syndrome (MERS) caused by Middle East
respiratory syndrome coronavirus (MERS-CoV) was characterised by fever, which also
progressed to respiratory and multiorgan failure, in severe cases. These patients also
had hyperbilirubinemia, hypoalbuminemia and transaminitis. In contrast to the SARSCoV, MERS-CoV was found to have specific affinity for the Dipeptidyl Peptidase-4
(DPP-4) receptor which is abundantly expressed in the liver and thus was presumed to
have gained entry into hepatocytes[10]. In this case, too, viral particles could not be
demonstrated in the liver tissue of patients with MERS[11].
In a study involving 1099 patients with laboratory-confirmed COVID-19 from 552
hospitals in China, nausea or vomiting, or both, and diarrhoea were reported in 55
(5.6%) and 42 (3.8%) patients respectively[12]. Interestingly, SARS-CoV-2 RNA was first
detected in a stool specimen of the first reported COVID-19 case in the United States[13].
It has been shown that SARS-CoV-2 shares 82% genomic sequence similarity with
SARS-CoV and has also been found to have affinity for the ACE2 receptor[6,14].
Therefore, it is not at all surprising that 14%-53% of patients with COVID-19 have
abnormalities in transaminase levels[2]. In the past too, liver impairment was reported
in 60% of patients with SARS[9,15].
Liver dysfunction in COVID-19 is manifested by abnormal transaminase levels and
this has also been linked to the severity of the disease as well as the outcome. For
example, in one study published by Huang et al[4], elevation of AST was observed in
eight (62%) of 13 patients in the ICU compared with seven (25%) of 28 patients who
did not require care in the ICU. In another comparatively bigger cohort of 1099
patients from 552 hospitals in 31 provinces in China, patients with more severe disease
had abnormal liver aminotransferase levels than did patients with less severe
disease[12]. In one more study, 8 patients who had a diagnosis of COVID-19 confirmed
by computed tomography (CT) scan while in the asymptomatic phase had
significantly lower incidence of AST abnormality compared to patients diagnosed after
the onset of symptoms[16]. All these figures indicate that liver injury manifested by
transaminitis is probably more prevalent in severe cases than in mild cases of COVID19.

RISK FACTORS FOR LIVER INJURY
There are not many studies addressing the risk factors associated with liver injury in
COVID-19. It is quite natural that a thorough and comprehensive evaluation of
possible risk factors that can cause or exacerbate liver injury has not been possible in
such a short span of time.
An important observation in a study by Li et al[17] was that among patients with
abnormal liver function, patients with moderate and severe disease were more likely
to have liver injury, accounting for 58.8% and 66.7% respectively. This indicates that
hepatic injury is more common and is more severe during the period of critical care,
where the patient is exposed to multiple insults in the form of medications,
hemodynamic instability and cytokine storm. This is in addition to the fact that a
significant number of patients in China have underlying hepatitis B infection.
The authors, in the same study, performed multivariate logistic regression analysis
to study the association of several factors that included age, drinking history, baseline
albumin, lactic acid, C-reactive protein (CRP), neutrophils, lymphocyte and
myoglobin. It was found that CRP levels greater than 20 mg/L and a lymphocyte
count less than 1.1 × 109/L were independently related to alanine aminotransferase
(ALT) elevation. This study, importantly, excluded the effects of drugs that might
cause hepatic injury and suggested that cytokine storm may be the major mechanism
behind lymphopenia and elevation in CRP, heralding liver injury.
In addition, herbal medicines, which are a major cause of liver injury in the
developing nations[18], complicate the problem further as they have been
indiscriminately used in these cases in China. A dataset processed by Ou et al[19] from
between 2011 and 2014 in China identified Chinese herbal medicine as the primary
cause of liver injury in 36% of the patients investigated in their study. Therefore, in
such a background of widespread consumption of herbal products which is an
established risk factor for liver injury, patients with COVID-19 seem to be at high risk
for exacerbation of hepatic injury due to a combination of multiple factors.
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PATHOGENESIS OF LIVER INJURY
As discussed earlier, it has been observed that SARS-CoV-2, by virtue of its affinity for
ACE2 receptor gains access to hepatocytes and causes direct liver injury. However,
what is puzzling is that the ACE2 expression of bile duct cells is reportedly much
higher than that of liver cells, and is comparable to alveolar type 2 cells in the lungs[20].
As bile duct epithelial cells are known to play important roles in liver regeneration and
immune response[21], it is believed that the liver injury in COVID-19 patients may be
due to the damage to bile duct cells by the virus, and not the liver cells, and in such a
scenario, it would be expected that COVID-19 patients should have evidence of
cholestatic liver injury. However, the normal ALP levels and elevated AST/ALT levels
do not favour the injury hypothesis, and our understanding with regards to liver
injury related to SARs-CoV-2 continues to evolve. Besides, histopathological analysis
of liver tissue from a deceased patient also did not show the presence of viral inclusion
bodies in the liver[22].
It is in this context that other factors apart from direct viral cytopathic injury need to
be considered. In addition to direct hepatotoxicity, it is clear that immune
dysregulation does occur in COVID-19 in varying forms. Systemic Inflammatory
Response Syndrome (SIRS) and accompanying release of interleukins and other
mediators of inflammation lead to a form of cytokine storm that can cause and
exacerbate hepatocellular injury[23]. Furthermore, a metanalytic study investigating the
relationship between liver damage and COVID-19 suggests that SARS-CoV-2 may
produce a relevant hepatic damage probably through the immune interactions
requiring the action of intrahepatic cytotoxic T cells and Kupffer cells[24].
Another factor that needs to be kept in mind while dealing with hepatic dysfunction
in COVID-19 is the possibility of pneumonitis associated hypoxia and fall in mean
arterial pressure that can cause ischemic hepatitis. Besides, the fact that patients in ICU
had higher levels of transaminases might also be due to the higher degrees of hypoxia
requiring mechanical ventilation. Levels of AST and ALT in thousands are an
established feature of ischemic hepatitis, and hypoxia may in fact exacerbate the liver
injury along with other causes of liver dysfunction.
Drug induced liver injury during COVID-19 related illness should be considered in
the differential diagnosis considering many of the unapproved drugs are being tested
either empirically or are undergoing clinical trials. While there is no specific treatment
for COVID-19 till date, there has been a frenetic attempt to use various existing
combinations of antivirals, immunomodulators, antibiotics and steroids in addition to
‘hepatoprotective’ drugs. The indiscriminate use of such cocktails might, in fact, be
perpetuating hepatic dysfunction observed in these cases. Biopsies performed post
mortem in SARS-CoV-2 infection revealed microvascular steatosis and mild lobular
and portal activity, indicating that the injury could have been caused by drug-induced
liver injury in addition to the SARS-CoV-2 infection[23]. Use of steroids, antibiotics and
antivirals have all been associated with liver injury. It has also been reported that the
liver injury observed in COVID-19 patients might be caused by lopinavir/ritonavir,
which is being used as an antiviral for the treatment of SARS -CoV-2 infection[25]. The
drug Remdesivir, widely used in COVID-19, has been reported to cause hepatocellular
injury and derangement of liver function[26,27]. Use of biologics like Tocilizumab has
been associated with Hepatitis B reactivation[28]. Azithromycin which is commonly
prescribed in COVID-19 is a known cause of idiosyncratic liver injury while
hydroxychloroquine may also rarely cause idiosyncratic hepatotoxicity[29,30]. Therefore,
it is amply clear that the sheer number of medications being tried in COVID-19 is
highly likely to cause liver injury ranging from asymptomatic transaminitis to greater
degrees of hepatotoxicity. The APASL expert panel consensus recommendations
advise careful investigation of drug induced liver injury in COVID-19 and specifically
mention against using certain drugs like Remdesivir in patients with decompensated
chronic liver disease and ALT elevations more than 5 times the upper limit of
normal[27]. Close monitoring of liver function tests has been advised. In addition, it has
also been suggested that use of herbal products and nutraceuticals in COVID-19 may
interfere with the body’s natural immune mechanisms and hence the French Agency
for Food, Environmental and Occupational Health and Safety (ANSES) has advised
against using these substances derived from plants like poplar, birch, willow,
goldenrod, curcuma etc.[31,32]. A summary of the spectrum of drugs used in COVID-19
likely to induce liver injury is shown in Figure 1.
To add to this growing concern over liver injury in COVID-19, the presence of
chronic liver disease adds to the burden of the problem worldwide. The prevalence of
liver disease varies globally and so do the etiologies. Viral hepatitis, alcohol related
liver disease and non-alcoholic fatty liver disease are prevalent in epidemic
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Figure 1 Spectrum of medications used in coronavirus disease 2019 likely to cause liver injury. COVID-19: Coronavirus disease 2019; UDP-GT:
UDP-glucuronosyltransferase; NAFLD: Nonalcoholic fatty liver disease.

proportions worldwide and the impact of COVID-19 in patients with these preexisting diseases is largely unknown. A recent case series from China reported that
decompensated cirrhosis may be a risk factor for a poor outcome in patients with
COVID-19[33]. The use of complementary, herbal and indigenous drugs that can
exacerbate liver injury, especially in countries like China where the infection
originated and in India, where the incidence of new cases has been steadily rising poses great challenges.
The presence of co-morbidities makes the pathogenic processes complex and at the
moment, there are very few studies that have looked at this problem. A systematic
review and meta-analysis by Yang et al[34] has shown that the most prevalent
comorbidities were hypertension and diabetes, followed by cardiovascular diseases
and respiratory system disease. It is well known that both hypertension and diabetes
are commonly treated with ACE inhibitors. The expression of ACE2 is substantially
increased in patients with type 1 or type 2 diabetes, who are treated with ACE
inhibitors and angiotensin II type-I receptor blockers (ARBs). This results in an
upregulation of ACE2. Consequently, it has been hypothesised that the increased
expression of ACE2 in different organs like the lung and the liver might facilitate
infection with SARS-CoV-2. Thus, it has been assumed that diabetes and hypertension
treatment with ACE2-stimulating drugs increases the risk of developing severe and
fatal COVID-19[26]. Further, these studies suggest that patients with co-morbidities
having SARS-CoV-2 infection might have multiple pathogenic mechanisms of host
injury and inflammatory response proceeding simultaneously. Given the high burden
of co-morbidities, especially among the elderly population, this area needs to be
meticulously investigated. The potential mechanisms of liver injury in COVID 19 are
summarized in Figure 2.

PATTERN OF LIVER INJURY IN SARS-COV-2 INFECTION
Liver injury in SARS-CoV-2 infection has a variable incidence of 14%-53% as indicated
by elevated AST and ALT levels. There is also an accompanying mild increase of
serum bilirubin levels[35]. However, from the existing data, the pattern of bilirubin rise
(direct vs indirect) and its relationship to the disease process is not very clear. Also, no
correlation between the rise in transaminases and bilirubin levels have been found.
Hypoalbuminemia has also been found to occur with the serum albumin levels around
2.63-3.09 mg/dL according to one study[4]. A recent study including 417 patients with
COVID-19, 318 (76.3%) had abnormal liver test results and 90 (21.5%) had liver injury
during the hospitalization. Ninety-one (21.8%) developed severe disease and 326
(78.2%) had mild disease during hospitalization (Figure 2) [36]. A recent study has noted
that AST-dominant aminotransferase elevation is common in COVID-19, mirrors
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Figure 2 Potential mechanisms of liver injury in coronavirus disease 2019. ACE2: Angiotensin converting enzyme 2; ARDS: Acute respiratory distress
syndrome; CAMs: Complementary and alternative medicines; IL: Interleukin.

disease severity, and appears to reflect true hepatic injury[37].
Interestingly, COVID-19 infection presenting as acute non-icteric hepatitis which
preceded the development of fever and respiratory symptoms has recently been
reported in a patient[38]. This particular case report assumes importance in view of the
fact that the patient did not have typical features of COVID 19 at presentation and was
worked up as a case of acute viral hepatitis. All possible causes of acute hepatitis were
ruled out. After 2 d, she developed respiratory signs and symptoms and was found
positive for SARS CoV-2. She responded to treatment with supportive measures and
hydroxychloroquine[38]. Furthermore, a case of COVID-19 hepatitis in a living donor
liver allograft recipient whose donor subsequently tested positive for COVID-19 has
been reported with unique histopathological findings[39].
The proportion of patients developing liver injury in severe COVID-19 has been
found to be significantly higher than that in patients with milder disease. In a
metanalytic study by Mantovani et al[24], patients with severe COVID-19 disease tended
to have higher levels of liver enzymes, as well as a greater activation of coagulative
and fibrinolytic pathways. While the elevation in AST and ALT have been around
three to four times and has varied across studies, one study reported elevations in AST
and ALT to be in the range of thousands. In another study, although serum gamma
glutamyl transpeptidase (GGT) was found to be increased in severe cases, serum
alkaline phosphatase (ALP) level was in the normal range in both mild and severe
cases[20]. Table 1 summarizes the pattern of liver dysfunction in COVID 19 patients
reported in various studies[35,40-70].

SARS-COV-2 INFECTION IN THE SETTING OF PRE-EXISTING LIVER
DISEASE
Patients with pre-existing chronic liver disease have a wide spectrum of immune
dysfunction starting from cytopenia to cytokine storm. The proportion of COVID-19
patients with pre-existing liver conditions ranged from 2% to 11% in one study[2]. In
patients with chronic hepatitis B and C infection, it is not known as to what kind of
effect co-infection with SARS-CoV-2 might have. Such patients who remain as inactive
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Table 1 Summary of the pattern of liver injury reported in coronavirus disease 2019 in various studies
Number
of
patients

Pattern of liver injury

Richardson
et al[3]

5700

Elevated AST: 58.4%; elevated ALT: 39%

Cirrhosis: 0.4%;
chronic hepatitis B:
0.1%; chronic
hepatitis C: 0.1%

Huang et al[4]

41

15(31%)

1 (2%)

Elevated AST observed in 62% of patients in ICU compared with only 25% of patients
not in ICU

Wuhan, China

Wang et al[5]

138

Mild elevation of AST and ALT

4 (2.9%)

-

Wuhan, China

Guan et al[12]

1099

Elevated AST: 22.2%; elevated ALT: 21.3%;
elevated total bilirubin: 10.5%

23 (2.3%)

AST elevated in 18.2% of non-severe disease but in 39.4% of severe disease; ALT
elevated in 19.8% with non-severe disease and 28.1% of severe disease

552 hospitals in 30 provinces, autonomous
regions, and municipalities in mainland
China

Shi et al[16]

81

Transaminitis in 43 (53.1%)

7 (8.6%)

Patients with subclinical infection had lower AST

Wuhan, China

Fan et al

148

Abnormal LFT in 50.7%; elevated ALT in 18.2%;
elevated AST in 21.6%

Higher proportion (56.1%) with liver injury received lopinavir/ ritonavir than those
without liver injury (25%)

Shanghai Public health Clinical Centre,
China

Chen et al[35]

99

43(43%); elevated AST: 35%; elevated ALT: 28%;
elevated total bilirubin: 98%

One patient had severe liver injury with ALT 7590U/L

Wuhan, China

Cai et al[36]

417

During hospitalisation, rise in liver enzymes > 3
times of upper limit seen; elevated ALT: 49
(23.4%); elevated AST: 31 (14.8%); elevated total
bilirubin: 24 (11.5%); elevated GGT: 51 (24.4%)

318 (76.3%) had abnormal liver biochemistries and 90 (21.5%) had liver injury during
hospitalization; 91 (21.8%) developed severe disease and 326 (78.2%) had mild disease
during hospitalization; use of lopinavir/ritonavir increased the odds of liver injury by
7-fold

Shenzhen, China

Tabata
et al[40]

104

Elevated AST: 17.3%; elevated ALT: 16.3%

-

Diamond Princess Cruise, Japan

Huang
et al[41]

36

Elevated ALT: 13.33%; elevated AST: 58.06%;
elevated Total bilirubin: 12.90%

All fatal cases only

Wuhan, China

All fatal cases only

Wuhan, China

No difference in incidence of liver injury between survivors and non-survivors

Wuhan, China

Transaminitis present only in severe disease

Xiangyang, China

Ref.

[25]

Zhang et al[42] 82

Liver dysfunction in 64 (78%)

Yang et al[43]

52

15 (29%)

Cao et al[44]

128

Xu et al

[45]

Cai et al

[46]

Kujawski
et al[47]

Pre-existing liver
diseases

-

2 (2.4%)

Comments

Place of study
Northwell Health System, New York,
United States

62

Elevated AST in only 16.1%

7 (11.0%)

No patient had elevated ALT while a sixth had elevated AST

Zhejiang Province, China

298

44 (14.8%)

8 (2.7%)

Transaminitis 4 times commoner in severe disease (36.2%) compared to mild disease
(9.6%)

Shenzhen, China

12

Elevated AST: 58.3%; elevated ALT: 58.3%

8.3% had HBV and
8.3% had fatty liver
disease
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United States
Arentz
et al[48]

21

Median AST: 273 (range 14-4432); median ALT:
108 (range 11-1414)

Jin et al[49]

651

Liver injury seen in 13 out of 74 with GI
symptoms vs 51 out of 577 without GI symptoms

Rate of increased AST, but not ALT, was significantly higher in patients with GI
symptoms than in those without GI symptoms

Zhejiang Province, China

Qi et al[50]

267

Elevated AST: 7.2%; elevated ALT: 7.5%; elevated
bilirubin: 2.2%

Elevated AST seen in 9 out of 217 patients with non-severe disease and 10 out of 50
patients with severe disease.Elevated ALT seen in 10 out of 217 patients with nonsevere disease and 10 out of 50 patients with severe disease.Elevated bilirubin in 3 out
of 217 patients with non-severe disease and 3 out of 50 patients with severe disease

Chongqing, China

OmraniNava et al[51]

93

Elevated AST: 29.2%; elevated ALT: 30.3%;
elevated ALP: 17%; elevated total bilirubin:
10.2%; elevated direct bilirubin: 45.8%

Risk of being transferred to the intensive care unit strongly associated with the
elevated levels of AST and direct bilirubin

Sari, Amol, Mazandaran Province, Iran

Mao et al[52]

214

Median AST 26 (8-8191); median ALT 26 (5-1933)

Liver enzymes were significantly higher in severe cases compared to non-severe cases

Wuhan, China

45

Elevated AST/ALT: 37.8%; median Bilirubin: 0.91
(IQR 0.61-1.3)

24

Elevated AST: 8.33 %; elevated ALT: 4.17 %

4.17 % had cirrhosis

Chen et al

291

Elevated AST: 15.1%; elevated ALT: 10.3%;
elevated bilirubin: 9.3%

5.2% chronic liver
disease

Wang et al[56]

18

Elevated AST or ALT in 25%

Yan et al

168

Elevated AST: 17.3%; elevated ALT: 8.0%

Lin et al[58]

95

Elevated AST: 4.2%; elevated ALT: 5.3%

Zhao et al[59]

77

Elevated AST: 26.0%; elevated ALT: 33.8%

Chen et al[60]

274

Elevated AST: 30.7%; elevated ALT: 21.9%;
median bilirubin: 0.6 (IQR 0.4-0.8)

4 % were HbsAg
positive

Rubin et al[61]

54

Elevated AST: 42.59%; elevated ALT: 40.7%

1.8 % were HBV
infected

AST: mean/SD-73.4 ± 61.8 (females); 45.1 ± 19.5 (males) ALT: mean/SD- 69.6 ± 65.2
(females); 43.9 ± 25.8 (males)

Stanford University School of Medicine,
California

Cholankeril
et al[62]

116

Deranged LFT in 26 out of 65 cases (40%). Higher
levels of AST compared to ALT. Median
bilirubin- 0.4 (IQR 0.3-0.7)

2.6% chronic liver
disease

22 of the 26 patientswith liver enzyme elevations had normal baseline liver enzymes

Stanford University HospitalsCalifornia,
United States

Yao et al[63]

40

Elevated AST: 40%; elevated ALT: 52.5% Elevated
Bilirubin: 25%

Out of 22 critical cases, 17 had hepatic dysfunction. Out of 18 noncritical cases, 5 had
hepatic dysfunction

Xi’an, Shaanxi Province, China

Xu et al

[53]

Tian et al[54]
[55]

[57]

WJH
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4.8% had cirrhosis of
liver

Kirkland, Washington, United States

Shandong, China
Elevated AST in 5 out of 29 cases in mild illness, 23 out of 212 cases in moderate illness Hunan Province, China
and 16 out of 50 cases in critically ill. Elevated ALT in 4 out of 29 in mild illness, 16 out
of 212 cases in moderately ill and 10 out of 50 cases in critically ill. Elevated bilirubin in
4 out of 29 cases in mild illness, 17 out of 212 in moderately ill and 6 out of 50 in
critically ill
Zhengzhou, Henan Province, China
Elevated AST seen in 7 out of 75 patients with non-severe disease and 11 out of 29
patients with severe disease; Elevated ALT seen in 5 out of 81patients with severe
disease and 4 out of 31 patients with severe disease

Hainan, China

Zhuhai, Guangdong Province, China
Elevated AST seen in 11 out of 57 non severe patients and 9 out of 20 severe patients;
Elevated ALT seen in 17 out of 57 patients with non-severe disease and 9 out of 20
patients with severe disease

Beijing, China

Wuhan, China
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Zhao et al[64]

75

Elevated AST: 18.7%; elevated ALT: 20%; elevated 5.3 % had chronic
Bilirubin: 16%
liver disease

Hefei, Anhui Province, China

Ai et al[65]

102

Elevated AST: 25.5%; elevated ALT: 19.6%

Xiangyang, China

Ma et al[66]

81

Deranged AST/ALT: 38.2%

Wuhan, China

Xu et al[67]

355

Elevated AST: 28.7%; elevated ALT: 25.6%;
elevated Total bilirubin: 18.6%

Wuhan, China

Shi et al[68]

416

Median AST: 30 (IQR 22-43); median ALT: 28
(IQR 18-46)

Luo et al[69]

1141

Among 183 patients, median AST: 65.8 ± 12.7,
median ALT: 66.4 ± 13.2

Qi et al[70]

21

Elevated AST: 38.1%; elevated ALT: 23.8%;
elevated GGT: 23.8%

1% had HBV
infection

Wuhan, China

Wuhan, China

All patients

Most common etiology of chronic liver disease was chronic hepatitis B infection

16 designated hospitals in China

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma glutamyl transpeptidase; IQR: Interquartile range; HBV: Hepatitis B virus; LEF: Liver function tests; GI: Gastrointestinal; ICU: Intensive care unit; SD:
Standard deviation.

carriers or in the immunotolerant phase might have reactivation of the virus and
hepatic injury. Mantovani et al[24], in their metanalytic study, have suggested that
patients with pre-existing chronic liver disease may be more susceptible to liver
damage from SARS-CoV-2. Implications of underlying non-alcoholic fatty liver disease
(NAFLD) has been recently evaluated. The authors have noted that patients with
NAFLD had higher risk of disease progression [6.6% (5/126) vs 44.7% (34/76), P <
0.0001], higher likelihood of abnormal liver function from admission to discharge[70%
(53/76) vs 11.1% (14/126), P < 0.0001] and longer viral shedding time(17.5 ± 5.2 d vs
12.1 ± 4.4 d, P < 0.0001) when compared with non-NAFLD subjects[71]. Patients with
autoimmune hepatitis and primary biliary cholangitis on steroids and other
immunosuppressive therapy might be at higher risk of developing severe disease and
may pose dilemma in treatment, considering the fact that use of medications like
antivirals and antibiotics might worsen liver injury. This issue also requires further
investigation. An interesting case series of three patients of COVID-19 with chronic
liver disease showed that while two of the patients with Child-Pugh C disease died,
the patient with Child-Pugh class B did not[33]. In addition, the patient with the highest
Model for End-stage Liver Disease (MELD) score survived compared to the ones with
lower MELD scores who did not, possibly indicating that clinical decompensating
events may be more important in predicting outcome of patients with COVID-19 and
pre-existing cirrhosis[33].
In a multicentric study in China evaluating the clinical course and risk factors for
mortality of COVID-19 patients with pre-existing cirrhosis, most patients were found
to have compensated cirrhosis while chronic HBV infection was found to be the most
common aetiology[70]. The study did not report any significant differences between

WJH

https://www.wjgnet.com

1190

December 27, 2020

Volume 12

Issue 12

Anirvan P et al. Liver injury in COVID-19

survivors and non-survivors in terms of age, sex, comorbidities, aetiology of cirrhosis,
Child-Pugh class, MELD score, interval between onset and admission, or onset
symptoms of COVID-19[70]. Further, COVID-19 patients who died had lower total
lymphocyte and platelet counts, and higher direct bilirubin levels than patients who
survived, while the frequency of acute respiratory distress syndrome (ARDS) and
gastrointestinal (GI) bleeding were higher in non-survivors compared to survivors[70].
Importantly, the cause of death in most patients was respiratory failure rather than
acute on chronic liver failure[70]. Further studies need to be carried out across different
population groups to determine the exact impact of SARS-CoV-2 co-infection in
patients with chronic liver disease.

SARS-COV-2 INFECTION IN THE SETTING OF LIVER TRANSPLANTATION
Taking a cue from the previous SARS outbreak of 2002, it has been hypothesised that
liver transplantation might involve a risk of transmission of viral infection from donor
to recipient. Hence, donor screening and testing might prove to be extremely
crucial[72]. However, at this juncture, there is a lack of evidence to justify this
hypothesis. A case series of patients with COVID-19 had several patients with various
comorbidities, but none of them had been a transplant recipient[12]. A recent study
from Italy reported experience from a single transplant centre, and noted 3 deaths out
of their 111 Long-term liver transplant survivors (transplanted more than 10 years ago)
compared to none of the three infected withSARS-CoV-2 transplanted within the last 2
years. All three who died were male, older than 65 years, receiving antihypertensive
drugs, overweight (body mass index > 28 kg/m2), with hyperlipidaemia, and diabetes
(median Hemoglobin A1c of 6.9%)[73]. In the present circumstances, in the event of a
liver transplantation, the hepatologists have to follow the guidance issued by the
Transplantation Society[74], as well as local health department guidelines for isolating,
quarantining, testing, and monitoring returned travellers from endemic areas.. Recent
AASLD guidance reports that there is a significant false negative rate and transplant
programs should consider symptoms of COVID-19 to be strongly suggestive of
infection despite negative testing. Transplantation in SARS-CoV-2-positive recipients
is currently not recommended.

PREVENTION AND TREATMENT
Liver injury in COVID-19 infection can be fleeting and mild and enzyme levels can
normalise spontaneously. As of now, there is no specific therapy for liver injury in
COVID-19 infection. In addition to managing the respiratory syndrome in COVID-19,
monitoring of the liver function tests (LFT) should be done and all factors known to
cause or exacerbate liver injury should be taken into consideration while treating the
patient. A proper history especially with regard to recent or long-term intake of herbal
preparations and hepatotoxic drugs must be taken. Drugs known to cause liver injury
must be used with caution and LFT should be repeated at regular intervals. All the
studies concerning COVID 19 and liver injury are from China and one thing common
in these studies is the use of a cocktail of drugs that include steroids, antivirals,
antibiotics and compounds like ammonium glycyrrhizinate which should be viewed
with caution as some of these are known to cause hepatic injury. Especially in the
setting of hypoxia and cytokine storm, use of these drugs can exacerbate any existing
hepatic insult. Special caution is warranted for patients with pre-existing liver disease.
At the moment, there is lack of robust data to support the use of specific hepatoprotective agents. However, in cases of severe liver injury, liver protective agents have
been used in COVID-19. Figure 3 succinctly delineates the diagnostic approach to
COVID-19 patients with abnormal liver biochemistries, investigations to be performed
and monitoring of such patients.
In the face of this pandemic, management of patients with chronic liver disease has
also posed problems. Recently, the AASLD and EASL have come up with
recommendations for patients with compensated as well as decompensated liver
disease. In case of compensated liver disease, AASLD recommends limiting outpatient
visits and to consider seeing in person only new adult and paediatric patients with
urgent issues and clinically significant liver disease (e.g., jaundice, elevated ALT or
AST > 500 U/L, recent onset of hepatic decompensation), to continue treatment for
hepatitis B and hepatitis C if already on treatment, to continue monitoring in those on
or off therapy for hepatocellular carcinoma (HCC), to continue surveillance in those at
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Figure 3 Approach to a coronavirus disease 2019 patient with liver dysfunction. COVID-19: Coronavirus disease 2019; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ACLF: Acute-on-chronic liver failure; USG: Ultrasonography.

risk for HCC and to proceed with HCC treatments when able rather than delaying
them due to the pandemic[75]. In those with decompensated liver disease, AASLD
recommends evaluating only patients with HCC or those patients with severe disease
and high MELD scores who are likely to benefit from immediate liver transplant
listing[75]. In autoimmune liver disease too, EASL recommends against reducing
immunosuppressive therapy unless indicated in special circumstances[76].

LIVER DYSFUNCTION AND PROGNOSIS
The prognostic variables of hepatic dysfunction in COVID-19 are still being worked
out. As previously mentioned, patients with more severe disease have abnormal levels
of transaminase levels, suggesting that elevated transaminase levels may be viewed as
a prognostic factor and these patients need to be treated with caution. However, the
causality association of this factor might be subject to bias. In a retrospective study
from Wuhan by Zhou et al[77], several factors were identified that might be associated
with higher mortality in adults who were hospitalised with COVID-19. Older age, ddimer levels greater than 1 μg/mL, and higher Sequential Organ Failure Assessment
(SOFA) score on admission were associated with higher odds of in-hospital death.
Also, levels of interleukin 6 (IL-6), high-sensitivity cardiac troponin I, and lactate
dehydrogenase (LDH) were elevated and lymphopenia was more common in severe
COVID-19 illness. Preliminary data suggests the reported death rate varies depending
on the study and country. However, the mortality rate estimates are based on the
number of deaths relative to the number of confirmed cases of infection, which is not
representative of the actual death rate. Extrapulmonary involvement like hepatic and
renal injury could indicate more severe inflammatory responses and might have a
bearing on the mortality rates. Furthermore, it is not clear at this point of time whether
the algorithms and scores that are commonly used to assess prognosis in patients with
acute hepatic failure are applicable to liver injury in COVID-19, considering the
multiple factors involved in the pathogenesis. This, therefore, warrants extreme degree
of caution and an individually tailored approach while dealing with such patients.
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CONCLUSION
SARS-CoV-2 infection has taken the world by storm. The pandemic is yet to reach a
plateau, with the incidence rising and newer populations getting infected. However,
physicians, researchers and scientists have left no stone unturned to understand the
pathogenesis of this multi-system afflicting disease, find out effective therapies and
contain the pandemic. While the disease primarily affects the respiratory system, liver
injury does pose problems in the management of COVID-19 patients. Both direct
virus-mediated cytopathic effects and indirect immune mediated, drug induced or
hypoxic states are probably responsible for causing and perpetuating the liver injury.
However, a word of caution: Transaminitis in patients with COVID-19 should not be
overly investigated. Only in those patients where there is suspicion of cholestatic
pattern of injury, investigations like ultrasonography and magnetic resonance
cholangiopancreatography may be performed. Besides, although it may sound slightly
premature, in view of the recent case report, clinicians should also, in this era of
COVID-19 infection, keep in mind that acute non-icteric hepatitis may be the virus’s
initial presentation prior to the development of respiratory symptoms[38]. As new
evidence trickles in and more facts come to light, we will be in a better position to
understand and tackle liver injury in COVID-19. Intensive monitoring and
individually tailored approach are the need of the hour to treat patients with severe
liver injury or patients with pre-existing liver diseases.
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Abstract
BACKGROUND
Liver reduction is the main curative treatment for primary liver cancer, but its use
remains limited as liver regeneration requires a minimum of 30% functional
parenchyma.
AIM
To study the dynamics of the liver regeneration process and consequent behavior
of cell cycle regulators in rats after extended hepatectomy (90%) and postoperative glucose infusions.

Data sharing statement: Technical

METHODS
Post-hepatectomy liver failure was triggered in 84 Wistar rats by reducing their
liver mass by 90%. The animals received a post-operative glucose infusion and
were randomly assigned to two groups: One to investigate the survival rate and
the other for biochemical analyses. Animals that underwent laparotomy or 70%
hepatectomy were used as controls. Blood and liver samples were collected on
postoperative days 1 to 7. Liver morphology, function, and regeneration were
studied with histology, immunohistochemistry, and western blotting.
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datasets are available from the
corresponding author at
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RESULTS
Postoperative mortality after major resection reached 20% and 55% in the first 24
h and 48 h, respectively, with an overall total of 70% 7 d after surgery. No
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apparent signs of apoptotic cell death were detected in the extended hepatectomy
rat livers, but hepatocytes displaying a clear cytoplasm and an accumulation of
hyaline material testified to changes affecting their functional activities. Liver
regeneration started properly, as early events initiating cell proliferation occurred
within the first 3 h, and the G1 to S transition was detected in less than 12 h.
However, a rise in p27 (Kip1) followed by p21 (Waf1/Cip1) cell cycle inhibitor
levels led to a delayed S phase progression and mitosis. Overall, liver
regeneration in rats with a 90% hepatectomy was delayed by 24 h and associated
with a delayed onset and lower peak magnitude of hepatocellular
deoxyribonucleic acid synthesis.
CONCLUSION
This work highlights the critical importance of the cyclin/cyclin-dependent kinase
inhibitors of the Cip/Kip family in regulating the liver regeneration timeline
following extended hepatectomy.
Key Words: Major hepatectomy; Liver failure; Liver regeneration; Post-hepatectomy liver
failure; p21; p27
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a current pandemic of obesity and diabetes and the chronic liver
damages they cause, and the outcomes of patients undergoing liver mass reduction for
malignant diseases are poor. To design efficient strategies that limit the risk of posthepatectomy liver failure, we used a rat model to clarify the causes of death after
enlarged liver resection. Compared with standard 2/3 hepatectomy, enlarged resection
resulted in a loss of hepatocyte functional activities and impaired regenerative
capacities, which were associated with an overexpression of p21 and p27 inhibitors.
The use of extracorporeal support device with p21 and p27 should be considered for
the management of severe liver failure following extended hepatectomy.
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INTRODUCTION
Because the liver is able to regenerate its mass, surgical resection is used routinely as a
curative treatment to manage primary liver cancers and hepatic metastases (i.e. those
of colorectal and breast cancers[1]). This is a relatively safe procedure for patients and
the only efficient treatment for these tumors. The principal challenge faced by
surgeons is estimating the volume of liver that can be resected without increasing the
risk that the patients will develop post-hepatectomy liver failure (PHLF), a disorder
related to the small-for-size syndrome (SFSS) that occurs when too little liver is
transplanted. Therefore, to ensure full patient safety and avoid post-resection liver
failure, a minimum of 30% functional hepatic parenchyma is required[2].
Hepatocellular carcinoma (HCC), which is the most common primary liver cancer,
occurs predominantly in patients with an underlying chronic liver disease. The setting
of chronic inflammation involves steatosis, fibrosis, or cirrhosis[3]. Fewer than 30% of
HCC patients are eligible for surgery, mainly because of the lesions resulting from
chronic inflammation. This situation is becoming even more problematic in the context
of the current epidemic of diabetes and obesity that affects 25% to 30% of the global
population and is associated with the development of metabolic syndrome and its
continuum of chronic liver disorders such as steatosis, fibrosis, non-alcoholic
steatohepatitis (NASH) and cirrhosis. When liver reduction is considered as a
treatment for liver metastases, the preoperative chemotherapies used to reduce the
primary colon or breast tumors and metabolized by the liver can aggravate the clinical
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picture. All patients should be deemed at risk of developing post-resection liver
failure. To prevent or limit fatalities and complications after liver resection, a
preoperative evaluation of hepatic functional status is necessary, and the criteria used
to define patient eligibility include the Child-Pugh score, the indocyanine green
retention rate at 15 min, magnetic resonance imaging[4], and the determination of liver
stiffness using FibroScan®[5]. Despite these precautions, it remains difficult to judge
recovery after surgery, and the incidence of PHLF still exerts a major impact on 2-year
survival following resection[6]. Because PHLF shares a common clinical picture and
outcome with SFSS (jaundice, ascites, coagulopathy, encephalopathy, etc.), both
syndromes are considered as a single entity.
The cellular and molecular mechanisms giving rise to PHLF remain unclear, but
several causal factors are considered to be important. The excessive portal blood
inflow and resulting intrahepatic shear stress that occur after the transplantation of a
graft that is too small have been shown to play a central role in the development of
SFSS[7,8]. For this reason, hemodynamic modulation of the portal vein is proposed to
ensure successful adult-to-adult living-donor liver transplantation[9]. As demonstrated
by Bucur et al[10] the use of a portal ring to modulate blood inflow can improve liver
regeneration after surgical resection in a porcine model[10]. Similar results have been
observed using splenectomy to control hemodynamic parameters[11]. An accumulation
of liver injuries post-resection has also been suggested as a factor leading to postoperative mortality[12]. Part if not all these injuries are associated with the sustained
activation of Küpffer cells because of elevated endotoxin levels in the liver after
surgery[13] and the massive oxidative stress that results. Reducing oxidative stress has
been shown to enhance markedly the regenerative capacity of the liver in an
experimental model of acute liver failure[14-16]. Likewise, preconditioning reduces
ischemic reperfusion injuries and improved rat survival after hepatectomy performed
on a liver affected by steatosis[17]. However, Lehmann et al[18] showed that failure of
regeneration may occur in the absence of serious liver damage affecting the small
remnant liver using an improved technique of extended hepatectomy in mice[18]. That
study also reported a delay in liver regeneration because of retarded progression
through the cell cycle[18]. They showed that extended liver resection positively
regulated p21, a cyclin-dependent kinase inhibitor (CKI) at both the G1/S and the
G2/M transitions. In addition, p21 deficiency enhances regenerative capacity of
multiple tissue types including complete rescue and regeneration of injured liver[18-21].
If confirmed, this finding is important as it will open the way to new therapeutic
regimens targeting p21. This is even more important given that patients undergoing
liver resection routinely receive intravenous glucose infusions to manage
hypoglycemia, and such infusions have been shown to inhibit post-resection liver
regeneration in a p21-dependent manner in mice[22].
To create acute liver failure in rats, we performed an extended hepatectomy (eHx)
with removal of 90% of the liver mass. We then studied the dynamics of the liver
regeneration process and consequent behavior of cell cycle regulators in rats after eHx
and post-operative glucose infusions.

MATERIALS AND METHODS
Animal model
All animal procedures were approved by the CE2A-03 CNRS-Orléans Ethics
Committee. Male Wistar rats (n = 119) aged 10 wk and weighing 200-230 g were
housed at the CNRS-SEAT animal care facility (Université Paris-Sud, Villejuif) and
kept on a 12 h day/night cycle with free access to food and water. The number of rats
used was in compliance with institutional ethical rules and consistent with common
practice in the fields of post-hepatectomy liver regeneration. All the rats were
anesthetized by isoflurane inhalation and then underwent a midline incision after
sterilization of the area. For a standard 70% hepatectomy, the left lateral and left and
rights parts of the median lobes of the liver were resected. For an extensive 90%
resection, the left lateral, median, and both right lobes were carefully removed, leaving
the two caudate lobes and liver tissues surrounding the vena cava. To prevent
hypoglycemia, a subcutaneous injection of 5 mL of 30% glucose solution was
administered immediately after liver resection, and then the animals had free access to
20% glucose solution and rat chow ad libitum. Because the administration of glucose
might affect the kinetics of liver regeneration, it was injected in all the rats undergoing
a 70% or 90% resection. Intraperitoneal injections of bromodeoxyuridine (BrdU) were
given to all surviving animals 2 h prior to sacrifice at a dose of 50 mg/kg.
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Serum biological analysis
Blood samples were obtained just prior to organ harvest at sacrifice, spun immediately
to collect the serum, and frozen until use. Biochemical parameters [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin] were determined
using an Olympus AU400 automat (Centre d’Exploration Fonctionnelles Intégrées,
Institut Claude Bernard, Paris, France).

Histological, immunofluorescence, and immunohistochemistry analyses
The livers thus collected were fixed overnight at 4 °C in a 4% formalin solution before
being embedded in a paraffin block. For histological analysis, liver sections (4 μM)
were dewaxed in xylene, rehydrated through graded alcohols, and stained with
hematoxylin & eosin. For immunofluorescence, 4 μmol/L liver sections were dewaxed
in xylene, rehydrated through graded alcohols, and pressure cooked in a 10 mmoL/L
citrate buffer at pH 6 for 10 min. For BrdU staining, the 5-bromo-2′-deoxy-uridine
Labelling and Detection Kit I (Roche, Basel, Switzerland) was used according to the
supplier’s recommendations. Tissue auto-fluorescence was reduced by applying 10
mmoL/L cupric sulfate in a 50 mmoL/L acetate buffer pH 5 solution for 60 min at
room temperature. To visualize nuclei, Hoechst 33342 solution was added to the
mounting medium at a concentration of 0.1 mg/mL. For phospho-histone H3 staining,
dewaxed rehydrated sections were incubated for 45 min at 37 °C with a primary
antibody (Cell Signaling, Danvers, MA, United States), washed in phosphate buffer
saline (PBS) (3-times for 5 min), and incubated for 30 min at 37 °C using Alexa fluor®
594 donkey anti rabbit immunoglobulin G (Invitrogen, Carlsbad, CA, United States).
The sections were then washed in PBS and mounted using Hoechst 33342 containing
mounting medium at a concentration of 0.1 mg/mL. For immunohistochemistry,
dewaxed rehydrated sections were blocked for endogenous peroxidase, incubated
with primary anti-caspase 3 antibody (Cell Signaling) or anti-signal transducer and
activator of transcription 3 (STAT3) antibody (Santa Cruz Biotechnology, Dallas, TX,
United States), washed, and incubated with secondary anti-rabbit immunoglobulin Ghorseradish peroxidase according to the manufacturer’s instructions (DAKO, Jena,
Germany). The sections were counterstained with alcian blue (Sigma, St Louis, MO,
United States) before mounting the coverslips. Positively labelled cell counting was
performed in 10 random microscopic elds. Cell proliferation, cell death, and cell cycle
were assessed by measuring the ratio of the numbers of BrdU-, p-Histone H3-, STAT3-,
and caspase 3-positive nuclei to the total nucleus count.

Immunoblot analysis
Whole-cell lysates were prepared in ice cold buffer containing 50 mmoL/L Tris-HCl
(pH 7.4), 150 mmoL/L NaCl, 1% Nonidet P-40, 0.25% Na-deoxycholate, 1 mmoL/L
Na3VO 4, 20 mmoL/L NaF, 1 μg/mL aprotinin, 10 μg/mL pepstatin, 10 μg/mL
leupeptin, and 1 μM phenylmethylsulfonyl fluoride. Protein concentrations were
determined with the Bio-Rad protein assay kit using bovine serum albumin as a
standard. Aliquots of 30 μg were denatured by boiling in Tris-Glycine SDS buffer
(Invitrogen), separated by 12% SDS and transferred onto nitrocellulose membranes
(Whatman, Dominique Dutscher, Brumath Cedex, France) by electroblotting. The
membranes were blocked in 5% non-fat dry milk in 0.1% Tween 20 Tris-buffered saline
for 1 h and probed with primary antibodies against cyclin E1, cyclin A2, cyclin B1, p27,
p21, STAT3, p-STAT3, retinoblastoma protein (Rb), p-Rb, and actin (Santa Cruz
Biotechnology).

Statistical analysis
Normal distribution of the data was analyzed by the Shapiro-wilk test and
homogeneity of variances by the Levene test. All groups were normally distributed,
and a two-tailed Student’s t-test was used to assess statistical differences between the
groups. The statistics were performed with StatView 5.0 freeware (SAS Institute Inc.,
Cary, NC, United States), and differences with P < 0.05 were considered significant.
All data are presented as means over several independent experiments ± standard
error of the mean. Survival curve was constructed by the Kaplan-Meier method (logrank test).
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RESULTS
Apoptosis is not the primary cause of liver dysfunction after subtotal (90%)
hepatectomy in the rat
To determine the direct cause of death in liver failure after massive hepatectomy, 84
Wistar rats underwent 90% liver resection (eHx) and were randomly divided into two
groups: One (20/84) to analyze rat survival over time and (64/84) another for
biochemical analyses. For the second set of experiments, some rats were sacrificed
every 24 h for 7 d. To prevent deaths linked to hypoglycemia, the rats were injected
post-operatively with glucose solution and subsequently offered free access to a
glucose solution. Control groups of either rats that underwent laparotomy (sham) or
rats that underwent 70% liver resections (pHx) were treated similarly. As depicted in
Figure 1A, the outcomes after liver surgery differed considerably between the groups,
with a 30% survival rate after eHx (6/20) compared to 100% (n = 11) after pHx. This
rate is consistent with previous studies. Peak mortality was seen within the first 48 h
and accounted for 78% (11/14) of all deaths, 28% (4/14) during the first 24 h and a
further 50% (7/14) between 24 h and 48 h. Before they died, the animals were
hypoactive and displayed signs of liver failure such as jaundice and coma.
Blood was collected from surviving animals at the time they were sacrificed in order
to measure markers for liver function and liver damage. Hepatic enzymes (ALT, AST)
and bilirubin levels were significantly elevated 24 h after surgery when compared to
sham animals (Figure 1B-D). At the same time point, markers levels remained
moderate in the pHx rats but were significantly higher in the eHx animals, suggesting
an accumulation of parenchymal injuries with an impairment of liver function in this
group. The serum levels of both enzymes declined over time to reach a standard level
96 h after surgery, while conjugated bilirubin levels remained elevated in the eHx
group even after 7 d indicated that liver functional activities were still impaired at that
time (Figure 1D).
Despite the clinical picture of acute liver failure, the histological analysis of
hematoxylin and eosin-stained liver sections did not reveal any signs of extensive
apoptotic and necrotic cell death (Figure 1E). This result was confirmed by
immunohistochemistry that showed almost no caspase 3-positive cells within the
tissue sections (data not shown), indicating that apoptosis was not a major inducer of
hepatic failure after excessive hepatectomy in this experimental surgical setting.
Nevertheless, a pattern of parenchymal abnormalities was observed over time
following resection, and these changes were much more pronounced in the eHx group.
Hypertrophic hepatocytes associated with a clear cytoplasm testifying to fluid and
lipid infiltration were detected at 24 h and 48 h after eHx. Lipid droplets were visible
after 48 h in pHx animals but not until 96 h postoperatively in eHx sections. In
addition, globular red hyaline material within hepatocytes was detected in eHx livers,
evidencing alterations to protein synthesis and secretion processes (Figure 1, white
arrowhead). Post mortem histological analysis of the rat livers that could be collected
just after death revealed similar but much more developed changes. As for the rats
sacrificed at each time-point, their livers did not display any signs of massive cell
death or massive hemorrhagic parenchyma, but hypertrophic hepatocytes associated
with a clear cytoplasm corresponding to fluid and lipid infiltration and an
accumulation of globular red hyaline material were widely detected in the tissue
sections (Figure 2).

Extended hepatectomy delayed cell cycle progression through S phase
We found numerous mitotic figures histologically in pHx livers as soon as 24 h after
surgery (Figure 1E) but not before the 48 h time point in eHx tissues (Figure 1E).
Immunohistochemical analyses revealed that although both pHx and eHx rats reached
a maximum of BrdU incorporation (Figure 3A) and phospho-histone H3 Labelling
(Figure 3B) at 48 h post-surgery, only pHx rats displayed labelled cells at the 24 h time
point. Figure 3C shows determinations of the liver weight to body weight (LW/BW)
ratio at various post-operative time points. A significant rise in the LW/BW ratio was
noted 48 h after surgery in rats that had undergone pHx and at the 72 h point in eHx
animals. These findings establish that hepatocyte proliferation and liver mass
restoration were delayed in eHx rats.
Liver regeneration after pHx is a well-known mechanism that involves the
sequential activation of cytokines and growth factor-related pathways. This cascade of
events leads to a peak of deoxyribonucleic acid synthesis 24 h after surgery in the rat
(for a review, see[23]). To evaluate proper implementation of the mitogenic program,
western blot analyses were performed on frozen liver specimens from rats that had
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Figure 1 Survival rates and post-operative liver injury after enlarged liver resection. Male Wistar rats were subjected to 70% [hepatectomy (pHx)] or
90% [extended hepatectomy (eHx)] followed by harvest of blood samples and the remnant liver tissues at the indicated time points after surgery. A: Kaplan-Meier
survival plots; B: Serum levels of alanine aminotransferase (ALT); C: Serum levels of aspartate aminotransferase (AST); D: Conjugated bilirubin from hours 24 to 168
post-eHx (n = 45); E: Representative liver images stained with hematoxylin, eosin, and alcian blue at the indicated time points post-eHx; black arrowheads indicate
mitotic figures, and white arrowheads point to globular red hyaline material. Scale bar: 50 μM. Sham: Laparotomy control group.

undergone enlarged hepatectomy and were sacrificed 3 h, 6 h, 12 h, 24 h, 48 h, 72 h,
and 96 h post-surgery. As STAT3 is activated rapidly during liver regeneration in an
interleukin 6-dependent manner and drives hepatocytes to switch from a quiescent
state into a proliferative wave, STAT3 activation was verified (Figure 4A and B). We
found STAT3 activation quickly 3 h post-surgery (Figure 4A and B). Peak STAT3
activation was observed at the 6 h time point and then gradually returned to standard
levels 48 h post-resection (Figure 4A and B). These data therefore indicated that the
priming of rat hepatocytes had occurred and that they correctly re-entered the cell
cycle after eHx, despite the infusion of glucose.
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Figure 2 Severity of hepatocyte damage on the onset of liver regeneration. Histological analysis of representative liver sections harvested within
minutes of death and stained with hematoxylin, eosin, and alcian blue from rats that died 24 h and 48 h post-resection. Note the presence of enlarged hepatocytes
containing cytoplasmic hyaline inclusions. Scale bar: 50 μmol/L.

Figure 3 S-phase progression is markedly delayed after extended hepatectomy. Animals were sacrificed at the indicated time points after 70%
[hepatectomy (pHx)] or 90% [extended hepatectomy (eHx)], and remnant liver tissues were harvested for immunofluorescence analysis. A: Bromodeoxyuridine
(BrdU) incorporation; B: Phospho-histone H3 Labeling of mitotic cells. Cell counting was performed in 10 random microscopic fields on 6 rats in the eHx group and 3
rats in pHx; C: Mean liver to body weight ratios after pHx and eHx. eHx: Extended hepatectomy; pHx: 70% hepatectomy.

We next studied cell cycle checkpoint proteins p-Rb in G1 (Figure 4C), cyclin E1 for
the G1 to S transition (Figure 4D), cyclin A2 for the S to G2 transition (Figure 4D), and
cyclin B1 for the G2 to mitosis transition (Figure 4D). Levels of p-Rb were significantly
upregulated during the first 3 h after resection, remained high for 24 h, and then
normalized by the 48 h time point (Figure 4C). The cyclin E1 level rose significantly
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Figure 4 Expression and activation of cell cycle proteins during liver regeneration. Extracts from rat liver tissues harvested at the indicated time
points after extended hepatectomy (eHx) were subjected to western blot and immunohistochemistry. A and B: Signal transducer and activator of transcription 3
(STAT3) activation; C: Retinoblastoma protein (Rb) inactivation; D: Cyclin E1, A2, and B1 expression. Bar graphs represent the mean densitometry value ± standard
error of the mean n = 6 rats per time point. Sham: Laparotomy control group.

after 12 h and remained elevated until the 72 h time point (Figure 4D). Levels of cyclin
A2 and B1 remained stable at very low levels for the first 24 h post-surgery, rose
markedly after 48 h, and then remained high until the 96 h time point (Figure 4D).
Taken together, our results showed that hepatocytes entered the cell cycle correctly,
but the absence of any detection of cyclin A2, 24 h after surgery, established a delayed
S phase progression.
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Altered expression of p21 and p27 in the small liver remnant during regeneration
As depicted in Figure 5, our model of eHx rapidly induced an upregulation of the p21
and p27 CKI in hepatocytes, which resulted in decreased regeneration. The p21 protein
was undetectable in quiescent rat liver. Its level rose gradually just after surgery to
reach an initial peak at 12 h post-resection that corresponded to a 11.6 ± 4.5-fold
amplification (P < 0.05). P21 displayed a second peak of expression at 48 h after
resection, with a 32 ± 9.3-fold (P = 0.007) amplification vs baseline. Our data also
pointed to a prolonged expression of p27 during the first 24 h, the level reaching 1.7 ±
0.25-fold (P = 0.03) as early as 3 h post-eHx, indicating that p27 acts as a rapid brake to
S-phase progression. P27 levels then normalized after 24 h. A second wave of p21
expression was detected afterwards.

DISCUSSION
Liver resection offers a chance of a cure in patients presenting with primary and
secondary liver cancers and is currently the gold standard treatment for these
malignancies. If performed on appropriate patients, liver reduction is a safe operation.
Highly selective criteria based on preoperative assessments of both the extent of the
disease and the liver function need to be met in order to minimize post-operative
complications. Some surgical strategies have been developed to increase the number of
patients who are eligible for resection, such as portal vein embolization, which enables
expansion of the portion of healthy liver prior to resection, or two-stage liver resection.
However, most patients diagnosed with primary or secondary liver cancer remain
ineligible for surgery. The principal challenge for clinicians in the coming years is to
find alternative treatments for patients who are denied surgical reduction. This issue is
all the more important given the worldwide progression of obesity and diabetes that is
causing chronic inflammatory liver disorders, even though the impact of liver
resection in obese patients remains controversial[24-26] An increased risk of developing
liver failure post-resection was demonstrated when performed in patients and mouse
models of steatosis[27], NASH[28] and cirrhosis[29]. To ensure the safety of patients and
avoid liver failure post-resection, a minimum of 30% functional hepatic parenchyma is
required[2]. However, there is as yet no complete understanding of the mechanistic
details of hepatocellular failure below this critical mass.
The development of novel pharmaceutical strategies to help patients recover from
extended liver resection requires full identification and characterization of the causes
of morbidity-mortality, and thus the reasons why the remnant liver lobes failed to
regenerate. A search in the bibliography on this topic generally produces papers that
refer to multivariate analyses performed on large cohorts of patients who underwent
liver resection and lists the predictive factors that will enable a better stratification of
patients prior to surgery[30-32]. These factors include diabetes, steatosis, chemotherapyassociated steatohepatitis, patient age and gender, and, of course, the volume of liver
to be removed. However, such a review highlights two principal reasons for postresection-induced morbidity-mortality: An insufficient number of functioning
hepatocytes to achieve proper synthesis, excretion and detoxification, and excessive
portal blood inflow that leads to sinusoidal dilatation and necrosis. The use of a portal
ring to control portal blood inflow has been shown to improve liver regeneration
following surgical resection in a pig mode[10]. Post-operative biochemical parameters
were improved in pigs with a portal ring but no significant difference was noted
regarding the mortality rate, probably because of the small sample size of eight pigs
per condition[10]. Further studies are necessary in both animals and humans to clarify
the benefits of this approach. To compensate for the loss of liver function,
extracorporeal hepatic support devices have been evaluated in patients presenting
with acute post-operative liver failure. These devices, such as MARS®, Prometheus®,
and SPAD, are albumin-linked hemodialysis systems that improve the biochemical
parameters of patients but fail to improve survival rates[33]. A study combining the use
of both liver support and portal ring devices needs to be envisaged in the future so as
to determine the effects on perioperative outcomes and long-term survival. However,
the results reported at present show that improvements of liver function and portal
flow were insufficient to improve survival following major liver resection, suggesting
that a different and underestimated mechanism is also responsible for post-resection
lethal failure.
This assumption is in line with findings of different studies, including those of
Lehmann et al[18], who showed an impairment of the regenerative capacity of the small
remnant liver linked to a p21-dependent cell cycle block in a mouse model[18].
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Figure 5 Increased expression of p21 and p27 in regenerating rat liver. The expression of p21 and p27 was investigated using western blot performed
on snap-frozen liver samples collected at the indicated time points post-extended hepatectomy (eHx). Six rats were studied for each time point. A representative
image is presented in the upper part of the figure, and the mean values for 6 rats per condition are shown as bar graphs. Sham animals correspond to the laparotomy
group. Sham: Laparotomy control group.

Inhibiting p21 in transgenic animals partially restored the regenerative capacity of the
liver and improved the survival rate[18], and a treatment with a senescence-inhibiting
drug improved liver regeneration after partial hepatectomy by disrupting aberrantly
prolonged p21 expression in mice[34].
To investigate further the contribution of CKI in the failed liver regeneration, we
examined the earliest events to occur in response to experimentally hepatic
insufficiency induced by 90% hepatectomy in the rat. We showed that the delayed
liver regeneration of the small remnant liver is associated with altered expression of
p27 and p21, being detected as early as 3 h and 12 h post-operatively, respectively. The
priming of quiescent hepatocytes occurred correctly, as depicted by STAT3 activation
coincident with Rb phosphorylation as early as 3 h post-resection, reflecting entry into
the cell cycle. But extended hepatectomy resulted in significant delay in S-phase
progression and mitosis, which was compensated in surviving animals by increased
deoxyribonucleic acid synthesis at later time points, eventually leading to restored
liver mass and functional activity. Our results therefore highlighted the critical
importance of the cyclin/cyclin-dependent kinase inhibitors of the Cip/Kip family in
regulating the liver regeneration timeline following 90% hepatectomy. To this is added
a large number of molecular signals that were switched on or off to guarantee a timely
hepatocyte entry and progression into the cell cycle[35,36]. However, the choice of the
experimental conditions (hepatectomies ranging from 80% to 95% of total liver weight,
glucose supplementation, species-specific features, housing conditions, and diet)
affects many of these signaling pathways, accounting for the noticeable differences
between the studies.
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In our model, peak mortality after eHx was reached within the first 48 h and
accounted for 71% of all deaths. Among these, 29% occurred within less than 24 h, and
these deaths could not be attributed to cell cycle changes as an increase in liver mass
was first detected after 24 h in the control group. Although histological analysis of the
liver tissues from dead animals did not reveal any massive liver injuries, hepatocytes
displayed a clear cytoplasm with numerous accumulations of globular red hyaline
material, testifying to an impairment of liver function that involved the protein
excretion process. Our findings were also in accordance with conjugated bilirubin
levels that remained elevated in the eHx group (even after 7 d) while ALT and AST
returned to normal levels after 96 h.

CONCLUSION
In conclusion, the loss of hepatocyte functional activities and a hindrance to the
regenerative capacities of the remnant lobe both contribute to mortality following
major liver resection. The use of extracorporeal support devices along with inhibitors
of p21 and p27 now needs to be evaluated in terms of managing liver failure after
extended hepatectomy. This combination may facilitate access to curative surgical
treatments for primary or secondary cancer for patients who are not eligible according
to current standards.

ARTICLE HIGHLIGHTS
Research background
Liver reduction is routinely performed as curative treatment of primary liver cancer
and liver metastases, but its use remains limited as liver regeneration requires a
minimum of 30% functional parenchyma.

Research motivation
As such, less than 30% of patients with hepatocellular carcinoma are eligible for
surgery, and this is connected to the underlying chronic inflammation and the
preoperative chemotherapies. Post-surgery accumulation of liver injuries, excessive
portal blood inflow, and oxidative stress are the main causal factors suspected to give
rise to liver failure, but the molecular mechanisms that block liver regeneration remain
unclear.

Research objectives
Our objective was to monitor, step by step, the molecular events in relation to liver
regeneration after extended liver resection and so to clearly delineate the blocking
points that prevent liver regeneration.

Research methods
Post-operative liver failure was modelled in the rat by 90% liver resection. Animals
undergoing simple laparotomy and 70% hepatectomy were used as control. All
animals received glucose infusion to avoid post-operative hypoglycemia. Animals
were sacrificed every 3 h for the first 24 h and every 24 h for the following 7 d. Blood
and liver samples were collected at the time of sacrifice and used to investigate liver
function, morphology, and regeneration by biochemical methods.

Research results
Twenty-nine percent of all deaths occurred in the first 24 h in link with massive liver
injuries and impaired liver function. For all other deaths, the temporal sequence of
events that prime liver regeneration after 90% liver resection occurred properly, but S
phase progression and mitosis were delayed by 24 h in conjunction with the rise in p27
(Kip1) and p21 (Waf1/Cip1) cell cycle inhibitor levels.

Research conclusions
The cyclin/cyclin-dependent kinase inhibitors of the Cip/Kip family are critical
regulators of the liver regeneration following extended hepatectomy.
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Research perspectives
The use of extracorporeal support devices along with inhibitors of p21 and p27 should
be evaluated to manage liver failure after extended hepatectomy.
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Abstract
BACKGROUND
Anti-programmed death therapy has thrust immunotherapy into the spotlight.
However, such therapy has a modest response in hepatocellular carcinoma
(HCC). Epigenetic immunomodulation is a suggestive combinatorial therapy with
immune checkpoint blockade. Non-coding ribonucleic acid (ncRNA) driven
regulation is a major mechanism of epigenetic modulation. Given the wide range
of ncRNAs that co-opt in programmed cell-death protein 1 (PD-1)/programmed
death ligand 1 (PD-L1) regulation, and based on the literature, we hypothesized
that miR-155-5p, miR-194-5p and long non-coding RNAs (lncRNAs) X-inactive
specific transcript (XIST) and MALAT-1 are involved in a regulatory upstream
pathway for PD-1/PD-L1. Recently, nutraceutical therapeutics in cancers have
received increasing attention. Thus, it is interesting to study the impact of
oleuropein on the respective study key players.
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AIM
To explore potential upstream regulatory ncRNAs for the immune checkpoint PD1/PD-L1.
METHODS
Bioinformatics tools including microrna.org and lnCeDB software were adopted
to detect targeting of miR-155-5p, miR-194-5p and lncRNAs XIST and MALAT-1
to PD-L1 mRNA, respectively. In addition, Diana tool was used to predict
targeting of both aforementioned miRNAs to lncRNAs XIST and MALAT-1. HCC
and normal tissue samples were collected for scanning of PD-L1, XIST and
MALAT-1 expression. To study the interaction among miR-155-5p, miR-194-5p,
lncRNAs XIST and MALAT-1, as well as PD-L1 mRNA, a series of transfections of
the Huh-7 cell line was carried out.
RESULTS
Bioinformatics software predicted that miR-155-5p and miR-194-5p can target PDL1, MALAT-1 and XIST. MALAT-1 and XIST were predicted to target PD-L1
mRNA. PD-L1 and XIST were significantly upregulated in 23 HCC biopsies
compared to healthy controls; however, MALAT-1 was barely detected. MiR-194
induced expression elevated the expression of PD-L1, XIST and MALAT-1.
However, overexpression of miR-155-5p induced the upregulation of PD-L1 and
XIST, while it had a negative impact on MALAT-1 expression. Knockdown of
XIST did have an impact on PD-L1 expression; however, following knockdown of
the negative regulator of X-inactive specific transcript (TSIX), PD-L1 expression
was elevated, and abolished MALAT-1 activity. Upon co-transfection of miR-1945p with siMALAT-1, PD-L1 expression was elevated. Co-transfection of miR-1945p with siXIST did not have an impact on PD-L1 expression. Upon co-transfection
of miR-194 with siTSIX, PD-L1 expression was upregulated. Interestingly, the
same PD-L1 expression pattern was observed following miR-155-5p cotransfections. Oleuropein treatment of Huh-7 cells reduced the expression profile
of PD-L1, XIST, and miR-155-5p, upregulated the expression of miR-194-5p and
had no significant impact on the MALAT-1 expression profile.
CONCLUSION
This study reported a novel finding revealing that opposing acting miRNAs in
HCC, have the same impact on PD-1/PD-L1 immune checkpoint by sharing a
common signaling pathway.
Key Words: Hepatocellular carcinoma; X-inactive specific transcript; MiR-155-5p; MiR194-5p; Programmed cell-death protein 1/Programmed death ligand 1; Immune checkpoint
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Due to the immune rich milieu of hepatocellular carcinoma (HCC), it is a
good candidate for immune-based therapies. In this study, our aim was to identify
potential upstream epigenetic regulators of immune checkpoint programmed cell-death
protein 1/programmed death ligand 1 in HCC which could be regarded as therapeutic
targets. The findings of this study revealed the re-questioning of the role of certain noncoding ribonucleic acids in HCC. Here we deduced a novel shared upstream regulatory
signaling pathway for programmed cell-death protein 1/programmed death ligand 1
immune checkpoint between paradoxically acting tumor suppressor miR-194-5p and
onco-miR-155-5p, in HCC through X-inactive specific transcript expression
modulation.
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INTRODUCTION
Hepatocellular carcinoma (HCC) constitutes a global burden and is one of the leading
causes of cancer mortality[1]. A myriad of therapeutic modalities is available for HCC
including tumor resection or ablation, transarterial chemoembolization, liver
transplantation and treatment with tyrosine kinase inhibitors[2]. Nevertheless, HCC is a
highly therapy resistant disease and is frequently diagnosed at an advanced stage;
thus, the identification of a novel therapeutic modality is essential[3].
Recently, tumour immunotherapy has been thrust into the spotlight to inhibit
tumour progression, relapse and metastasis. Immunotherapeutic techniques comprise
both activation of tumour specific immune responses as well as enhancement of
cellular or humoral immunity thus causing disruption of immune tolerance[4]. HCC
immunotherapy has greatly changed due to extensive ongoing immunological studies
which have incorporated immunotherapy into the HCC treatment armamentarium[5].
The rationale behind such a revolutionary therapeutic technique is the fact that HCC
develops in an inflammatory milieu brimming with tumour infiltrating lymphocytes
boosting HCC immunogenicity[6].
Immune checkpoint inhibitors have been featured as a sensational paradigm shift in
cancer immunotherapy[7]. Physiologically, immune checkpoints are co-inhibitory
molecules that act as “brakes” in the immune system to avoid an exaggerated response
and restore its activity to a normal level[8,9]. Programmed cell-death protein 1 (PD-1) is
one of the highly expressed immune checkpoints on T-cells in most solid tumours[10].
PD-1 was originally described by Ishida et al[11] in 1992 as a cell death inducer, a
discovery that paved the way for Noble prize winning immune checkpoint inhibitor
studies in 2018. Tumour immune surveillance evasion can then occur upon
engagement of PD-1 with its ligand, Programmed death ligand 1 (PD-L1), expressed
on tumour cells leading to effector T-cell exhaustion and dysfunction[12,13]. PD-1/PD-L1
immune checkpoint blockade has shown considerable survival benefits in patients
with different metastatic tumours[14-17]. In 2017, the Food and Drug Administration
approved Nivolumab, a human immunoglobulin G monoclonal antibody against PD1, for patients with advanced HCC, due to durable responses observed in these
patients[18].
Accumulating evidence has shown that PD-1/PD-L1 immune checkpoint is
epigenetically regulated through immunomodulatory non-coding ribonucleic acids
(ncRNAs) as microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) in several
cancers including colorectal cancer[19], lung cancer[20] and pancreatic cancer[21].
Furthermore, our research group demonstrated the epigenetic regulation of PD-1/PDL1 in breast cancer[22]. Nevertheless, such immunomodulatory loops orchestrating PD1/PD-L1 expression and activity are still under investigation in HCC.
Due to the breakthrough established in next generation sequencing which enabled
the profiling of the whole transcriptomic expression at the molecular level, our
understanding of biological systems has improved[23]. Such studies have revealed the
expression deregulation of a multitude of ncRNAs[24].
Based on bioinformatics analysis, the miRNAs, oncomiR and miR-155-5p, and
tumor suppressor miR-194-5p were predicted to target PD-L1 transcriptome as well as
the candidate lncRNAs, X-inactive specific transcript (XIST) and MALAT-1. Moreover,
lncRNAs XIST and MALAT-1 were predicted to target PD-L1 transcript where both
lncRNAs have demonstrated their role in HCC pathogenesis in several studies.
Therefore, it is interesting to study the expression profile of PD-L1 in Huh-7 cells
relative to the expression manipulation of candidate ncRNAs in order to explore novel
potential upstream regulatory ncRNAs for PD-L1 in HCC and the capacity of these
ncRNAs as therapeutic targets. In addition, it is of value to determine the clinical
relevance of the proposed regulatory signaling pathways for PD-L1 in HCC patients
by assessing the expression pattern of PD-L1 as well as the lncRNAs XIST and
MALAT-1 in HCC tissues.
The trend towards integrating phytochemicals in cancer therapy is being
augmented worldwide, especially with increased tolerance and resistance to
traditional cancer therapeutic modalities. The olive tree (Olea europaea L.) which
belongs to the Oleacaea family is native to tropical and warm temperate regions[25].
Several studies have postulated that the olive plant has anti-inflammatory[26] and anticancer activities[27]. Such activities are mainly attributed to the unique polyphenolic
content of the olive plant.
Oleuropein is one of the highly abundant phenolic compounds in olive leaves[28]. It
is reported to have a plethora of beneficial health benefits that are attributed to a
compilation of pharmacological action including anti-oxidant[29], anti-inflammatory[30],
and anti-angiogenic[31] activities which pave the way for its interesting anticancer
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activity[32]. Oleuropein has been demonstrated to have an anti-inflammatory and
immunomodulatory effect via down-regulation of MAPKs and NF-κB signaling
pathways as well as controlling the production of inflammatory mediators such as IL-6
and TNF-α cytokines, MMP-1 and MMP-3 levels[33]. Interestingly, Ruzzolini et al[34]
revealed the promising potential of oleuropein as an adjuvant therapy against BRAF
melanoma, by manipulating the pAKT/pS6 pathway. Moreover, a recent study
demonstrated the potential indirect modulatory impact of oleuropein on PD-L1 in
esophageal cancer, by manipulating the expression of hypoxia-inducible factor-1[35].
Nevertheless, to the best of our knowledge, the immunomodulatory impact of
oleuropein on HCC has not been extensively studied. Hence, the impact of this
promising compound on our study key players was determined.

MATERIALS AND METHODS
Bioinformatics analysis
To detect possible microRNAs targeting 3’UTR of PD-L1 mRNA, microrna.org
(www.microrna.org) bioinformatics target prediction software was used. Based on the
binding scores and number of hits, miRNAs with good scores were chosen. Diana
tools software (http://carolina.imis.athena-innovation.gr) was used to analyze
potential binding of miR-194 and miR-155 to the 3’UTR region of lncRNAs XIST and
MALAT1. The lnCeDB (Database of Human Long Noncoding RNA Acting as
Competing Endogenous RNA) prediction software algorithm (http://gyanxetbeta.com/lncedb/) was used to analyze potential binding of lncRNA XIST and
MALAT-1 to PD-L1.

Patients and tissue samples
The present study included 23 patients with HCC, who underwent liver transplant
surgery in the Kasr El Einy Hospital (Cairo University, Cairo, Egypt). Four samples of
cirrhotic tissues were taken from a subset of these patients with focal HCC lesions. As
per the pathology report of these patients, summarized in Table 1, almost 70% of
patients had > 1 focal lesion. Ten liver biopsies were obtained from healthy donors.
Ethical approval for this study was issued by the Institutional Review Board of Cairo
University. In addition, all participants provided written informed consent. The
institutional ethics committees approving this research comply with the principles set
forth in the international reports and guidelines of the Helsinki Declaration and the
International Ethical Guidelines for Biomedical Research Involving Human Subjects,
issued by the Council for International Organizations of Medical Sciences.

Cell culture
Huh-7 cells were purchased from Vacsera Egypt. They were maintained in Dulbecco's
modified Eagle's medium (DMEM, Lonza, Germany, cat. no. 12-604F), supplemented
with 4.5 g/L glucose, 4 mmol/L L-glutamine, 10% fetal bovine serum (Applied
Biosystems; Thermo Fisher Scientific Inc., cat. no. 10270098) and Mycozap (1:500;
Lonza, cat. no. LT07-818) at 37°C in a 5% carbon dioxide atmosphere.

Transfection of miR and siRNAs oligonucleotides
Twenty-four hours prior to transfection, 1-5 × 104 or 2-8 × 104 Huh-7 cells (40%-80%
confluency) per well were seeded in a 96-well plate or 24-well plate, respectively. The
cells were incubated under normal growth conditions (37°C and 5% carbon dioxide).
The Huh-7 cell line was transfected with miScript™ miRNA mimics/inhibitors of miR155-5p (Syn-hsa-miR-155-5p miScript miRNA Mimic, Qiagen, cat. no. MSY0000646 and
Anti-hsa-miR-155-5p miScript miRNA Inhibitor, Qiagen, cat. no. MIN0000646) and
miR-194 (Syn-hsa-miR-194-5p miScript miRNA Mimic, Qiagen, cat. no. MSY0000460
and Anti-hsa-miR-194-5p miScript miRNA Inhibitor, Qiagen, cat. no. MIN0000460).
Transfections with siRNAs for each of XIST (Hs_XIST_3 FlexiTube siRNA, Qiagen
Germany, cat. no. SI03654483), the negative regulator of X-inactive specific transcript
(TSIX), (Hs_TSIX_7 FlexiTube siRNA, Qiagen Germany, cat. no. SI04708795) and
MALAT-1 (Hs_MALAT1_1 FlexiTube siRNA, Qiagen Germany, cat. no. SI03670541)
were also carried out. Co-transfections of each of the miR-155 and miR194 mimics
were carried out with the siRNAs of each of the three lncRNAs MALAT-1, XIST and
TSIX, respectively. All transfection experiments were performed in triplicate using
HiPerfect Transfection Reagent (Qiagen Germany, cat. no. 301705) according to the
manufacturer's instructions, and experiments were repeated three times. Cells that
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Table 1 Clinical assessment of 23 patients with hepatocellular carcinoma
Parameter

Value

Age (yr)

49 ± 13.5

Aspartate aminotransferase (U/L)

100.5 ± 65.8

Alanine aminotransferase (U/L)

85.6 ± 95.6

Alkaline phosphatase (U/L)

110.2 ± 60.7

Serum albumin (g/dL)

4.6 ± 1.5

Serum α fetoprotein (ng/mL)

155.7 ± 22.3

Data are presented as the mean ± SD. Male: Female = 2:1. All patients were positive for hepatitis C virus antibody.

were exposed only to the transfection reagent were designated mock cells; cells
transfected with miR-155 or miR-194 mimics were designated miR-155 cells and miR194 cells, respectively; cells transfected with the miR-155 or miR-194 inhibitors were
designated as anti-miR-155 cells and anti-miR-194 cells, respectively; cells transfected
with XIST siRNAs were designated as XIST siRNA cells; cells transfected with
MALAT-1 siRNAs were designated as MALAT-1 siRNA cells; cells transfected with
TSIX siRNAs were designated as TSIX siRNA cells; cells co-transfected with miR-155
and XIST siRNA were designated as miR-155/siXIST; cells co-transfected with miR155 and MALAT-1siRNA were designated as miR-155/siMALAT-1; cells cotransfected with miR-155 and TSIX siRNA were designated as miR-155/siTSIX; cells
co-transfected with miR-194 and XIST siRNA were designated as miR-194/siXIST;
cells co-transfected with miR-194 and MALAT-1 siRNA were designated as miR194/siMALAT-1; cells co-transfected with miR-194 and TSIX siRNA were designated
as miR-194/siTSIX; Cells were lysed 48 h post-transfection and total RNA was
extracted for further analysis.

Plant material and fractionation
Olive leaves were collected from northern Sinai, Egypt and authenticated by Mrs.
Therasa Labib, Taxonomist, Orman Botanical Garden, Egypt. Voucher specimen
number (00396) was deposited at the Herbarium of the Pharmaceutical Biology
Department, Faculty of Pharmacy and Biotechnology, German University in Cairo.
Exhaustive extraction of olive leaves was carried out using 70% aqueous-ethanol,
followed by re-suspension of the residue in H2O and fractionation against petroleum
ether, chloroform and ethyl acetate to yield 17 g, 6.5 g and 4.5, g respectively. The ethyl
acetate polar fraction was applied over an open column (64 cm L × 5.5 cm ID) packed
with silica (250 g) as stationary phase. A CHCl3:CH3OH:H2O gradient was used for the
elution process to ensure purification of the sub-fractions.

Isolation of oleuropein
The sub-fraction of interest (30 mg) was obtained using CHCl3:CH3OH:H2O in a ratio
of 3:4:3, then injected into a preparative high performance liquid chromatograph
(Waters 600 E multisolvent delivery system, Waters 600 E pump and Waters 2998
PDA) which was employed using Lichrospher 100 RP-18 (250 mm × 10 mm i.d.; 10
µm) (Merck KGaA, Darmstadt, Germany). The mobile phase used was composed of
0.2% H3PO4 (v/v), methanol and acetonitrile in a ratio of 96:2:2. NMR spectra were
obtained using a Bruker Avance 500 spectrometer (Bremen, Germany) 5 mm-Zgrad
probe, operating at 500.13 MHz for 1 H and 125.77 MHz for 13 C. The purity of
oleuropein was confirmed using analytical HPLC (Agilent Technologies, Waldbronn,
Germany), equipped with a PDA detector G 1314 C (SL). Chromatographic separation
was carried out on a Superspher 100 RP-18 (75 mm × 4 mm i.d.; 4 μm) column (Merck,
Darmstadt, Germany) using mobile phases: (A) 2% acetic acid (pH 2.6) and (B) 80%
methanol. A gradient starting from 5% B to 50% B was employed for the elution
process with 100 μL/min flow rate at 30°C and compared vs standard material (Sigma
Aldrich) using HPLC. Confirmation of oleuropein identity was carried out by
comparing its spectral data to the obtained literature[36].

Oleuropein treatment to HuH-7 cells
A stock solution of oleuropein 100 mmol/L was prepared by dissolving 0.108 g in 2
mL of free DMEM. A solution of 80 µmol/L concentration that was previously
WJH

https://www.wjgnet.com

1215

December 27, 2020

Volume 12

Issue 12

Atwa SM et al. Pivotal role of XIST in regulating immune checkpoint PD-L1 through a shared pathway between miR-194-5p and miR-155-5p in HCC

reported as LC50 on Huh-7 cells[37] was prepared using this stock.

RNA isolation from liver biopsies and Huh-7 cell line
RNA was isolated from Huh-7 cells and liver biopsies using the TRIzol™ LS Reagent
(Applied Biosystems; Thermo Fisher Scientific Inc., cat. no. 10296010) extraction
protocol.

Quantified real-time polymerase chain reaction
Total RNA extracted was reverse-transcribed into single-stranded complementary
DNA (cDNA) using the high-capacity cDNA reverse transcription kit (Applied
Biosystems; Thermo Fisher Scientific Inc., cat. no. 4368814). The relative expression of
miR-155 as well as miR-194 to that of RNU6B (housekeeping gene), in addition to PDL1 mRNA, XIST and MALAT-1 lncRNAs to that of β-2-microglobulin (β2M; a
housekeeping gene) were quantified with TaqMan RT-quantitative polymerase chain
reaction [quantified real-time polymerase chain reaction (qRT-PCR); Applied
Biosystems Assay IDs: 002287, 000493, 0001093, Hs01079824_m1, Hs00273907_ml and
Hs00984230_m1 and Hs01060665_g1, respectively] using StepOne™ Systems (Applied
Biosystems Life Technologies). The PCR for miR quantification included 1 µL TaqMan
Small RNA Assay (20 X) specific for each of miR-155 or miR-194 or RNU6B and 1.33
µL cDNA from each miR-155 or miR-194 or RNU6B RT reactions, respectively.
Taqman target gene assay expression assay (1 µL) specific for each of PD-L1, XIST and
MALAT-1 as well as 4 µL of the respective cDNA were used for quantification. The
RT-qPCR run was performed in the standard mode, consisting of two stages: A first 10
min stage at 95°C where the Taq-polymerase enzyme was activated, followed by a
second stage of 40 amplification cycles (15 s at 95°C and 60 s at 60°C). Relative
expression was calculated using the 2−ΔΔCq method. All PCR reactions, including
controls, were run in triplicate.

Statistical analysis
All data were expressed in relative quantitation. For the purpose of comparison
between two different studied groups, the Student's unpaired t-test was used. Data
were expressed as mean ± SD error of the mean. A P value less than 0.05 was
considered statistically significant. dP < 0.0001, cP < 0.001, bP < 0.01, aP < 0.05. Analysis
was performed using GraphPad Prism 7.02.

RESULTS
In silico analysis
According to miRANDA software and the miRDB database, a total of 146 miRNAs
were predicted to target PD-L1 mRNA. Both miR-155 and miR-194 were predicted to
bind to the 3’UTR region of PD-L1 mRNA using miRANDA software and Targetscan
software, while binding of miR-194 and miR-155 to the 3’UTR region of lncRNAs XIST
and MALAT1 was predicted using Diana tools software. MALAT1 and XIST were
predicted to target PD-L1 mRNA according to LnCeDB software algorithms.

Expression profile of PD-L1 in liver tissues
The expression profile of PD-L1 was assessed in HCC patients, and adjacent cirrhotic
biopsies in a subset of patients together with 10 donor healthy controls, using qRTPCR. PD-L1 was significantly elevated in both HCC biopsies (P = 0.0065) and cirrhotic
biopsies (P = 0.0251) in comparison to healthy controls (Figure 1).

Expression profile of lncRNAs; XIST and MALAT-1 in HCC tissues
The expression profile of the endogenous lncRNAs XIST and MALAT-1 was examined
in HCC patients and adjacent cirrhotic biopsies in a subset of patients together with 10
healthy donors using qRT-PCR. HCC patients showed a significant upregulation of
XIST expression (P = 0.048) compared to healthy controls. MALAT-1 expression in
HCC patients was barely detected (P = 0.043) and a significant upregulation was
found in the cirrhotic tissues (P = 0.0136) (Figure 2).

Manipulation of endogenous miR-194-5p and miR-155-5p expression in Huh-7 cells.
Transfection efficiency of miR-194-5p and miR-155-5p oligonucleotides: In order to
manipulate the expression of miR-194-5p and miR-155-5p in Huh-7 cells, the cells were
transfected with each of the respective miRNA mimics and antagomirs, respectively.
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Figure 1 Relative expression level of programmed death ligand 1 in liver tissues. Endogenous programmed death ligand 1 expression profile was
analyzed in hepatocellular carcinoma patients, cirrhotic and healthy controls using quantified real-time polymerase chain reaction and normalized to B2M as an
internal control (housekeeping gene). Screening of programmed death ligand 1 showed that it was enhanced in cirrhotic biopsies (aP < 0.05) and hepatocellular
carcinoma biopsies (bP < 0.01) compared to healthy controls. HCC: Hepatocellular carcinoma.

Figure 2 Expression profile of lnc-ribonucleic acid X-inactive specific transcript and MALAT-1 in hepatocellular carcinoma tissues.
Endogenous X-inactive specific transcript and MALAT-1 lnc-ribonucleic acids expression profile was analyzed in hepatocellular carcinoma (HCC) patients and healthy
controls using quantified real-time polymerase chain reaction and normalized to B2M as an endogenous control. A: X-inactive specific transcript lnc-ribonucleic acid
showed a significant upregulation in HCC biopsies (P = 0.048); and B: MALAT-1 was significantly down regulated in HCC biopsies (P = 0.043); however, it showed
elevated expression in cirrhotic biopsies (P = 0.0136). aP < 0.05. HCC: Hepatocellular carcinoma.

Efficient transfection was assessed 48 h post-transfection using qRT-PCR, and both
miR-194-5p (Figure 3A) and miR-155-5p (Figure 3B) were markedly increased in
mimicked cells compared to mock cells, (P = 0.0026) and (P < 0.0001), respectively.
Impact of miR-194-5p and miR-155-5p on PD-L1 transcript expression in Huh-7
cells: Mimicking of both miRNAs miR-155 and miR-194 in Huh-7 cells showed an upregulation of PD-L1 expression (P = 0.0219) (P = 0.0209), respectively, compared to the
mock untransfected cells (Figure 4). However, antagonizing both miRNAs resulted in
a significant downregulation of PD-L1 transcript expression compared to mock
untransfected cells.
Impact of miR-155-5p and miR-194-5p on lncRNAs XIST and MALAT-1 expression
in Huh7 cells: Following ectopic expression manipulation of each of the respective
miRNAs in Huh-7 cells, the lncRNAs XIST and MALAT-1 expression profiles were
assessed using qRT-PCR and normalized to B2M an endogenous housekeeping gene.
(A) Mimicking of miR-194-5p and miR-155-5p resulted in an upregulated expression
profile of XIST compared to the mock untransfected cells, (P = 0.0026, P = 0.0477),
respectively, as shown in Figure 5A; (B) Meanwhile, as shown in Figure 5B, mimicking
of miR-194-5p and miR-155-5p had a paradoxical impact on the MALAT-1 expression
profile. Mimicking of miR-194-5p induced the expression of MALAT-1 (P = 0.0135)
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Figure 3 Transfection efficiency in Huh-7 cells with miR194-5p and miR-155-5p oligonucleotides. Using quantified real-time-polymerase chain
reaction, the transfection efficiency was determined in both mimicked and mock cells 48 h post-transfection for each of the respective mi-ribonucleic acids. MiR-1945p and miR-155-5p were normalized to RNU6B as an endogenous control. A: Mimicking of miR-194-5p; and B: miR-155-5p resulted in an increase in each of the
respective miRNAs, (P = 0.0026) and (P < 0.0001), respectively. The expression levels were compared with the unpaired Student’s t-test. bP < 0.01 and cP < 0.001.

Figure 4 Impact of miR-194-5p and miR-155-5p on programmed death ligand 1 transcript expression in Huh-7 cells. Following ectopic
expression manipulation of (A) miR-194-5p and (B) miR-155-5p in Huh-7 cells, programmed death ligand 1 (PD-L1) transcript expression was assessed using
quantified real-time polymerase chain reaction and normalized to B2M as an endogenous control. Mimicking of each of the respective miRNAs resulted in significant
upregulation of PD-L1 compared to mock untransfected cells (P = 0.0219) and (P = 0.0209), respectively. On the contrary, PD-L1 transcript expression was
significantly downregulated by antagonizing each of the miRNAs in comparison with the mock untransfected cells. aP < 0.05.

compared to mock untransfected cells. On the other hand, mimicking of miR-155-5p
induced the downregulation of MALAT-1 expression compared to mock untransfected
cells (P = 0.0053).

Impact of knocking down the lncRNAs MALAT-1, XIST and TSIX on PD-L1
expression in Huh-7 cells
Knockdown of MALAT-1 significantly down regulated PD-L1 expression (P = 0.001)
compared to mock cells. On the other hand, transfection with siRNAs of TSIX induced
the upregulation of PD-L1 expression (P = 0.0358) compared to mock cells.
Knockdown of XIST resulted in an insignificant change in the PD-L1 expression profile
compared to untransfected mock cells (Figure 6).

Net impact of combined ectopic expression of miR-194-5p and miR-155-5p together
with siRNAs of lncRNAs XIST, TSIX and MALAT-1 on PD-L1 expression profile.
The expression profile of PD-L1 transcript was studied following co-transfection of
Huh-7 cells with different combinations of each miRNA; miR-194-5p and miR-155-5p,
respectively, with each of the siRNAs of lncRNAs; MALAT-1, XIST and TSIX. Values
were normalized to the endogenous housekeeping gene B2M and compared to mock
untransfected cells. Following transfection of miR-194-5p with siRNA of MALAT-1,
PD-L1 expression was significantly induced (P = 0.0074). However, following
knockdown of XIST, miR-194-5p did not have a significant impact on PD-L1
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Figure 5 Impact of miR-155-5p and miR-194-5p on lnc-ribonucleic acids X-inactive specific transcript and MALAT-1 expression in Huh-7
cells. Expression levels of lnc-ribonucleic acids X-inactive specific transcript and MALAT-1 were assessed following transfection of miR-194-5p and miR-155-5p
oligomirs using quantified real-time polymerase chain reaction and normalized to the endogenous B2M as a housekeeping gene. A: Ectopic expression of both miR155 and mir-194 resulted in significant upregulation of X-inactive specific transcript expression, (P = 0.0477) and (P = 0.0026) respectively, compared to mock cells;
and B: However, a paradoxical effect of mimicking miR-194-5p and miR-155-5p on MALAT-1 expression profile was observed, as miR-194-5p stimulated the
upregulation of MALAT-1 expression (P = 0.0135), whereas mimicking miR-155-5p induced downregulation of MALAT-1 expression in comparison to mock cells (P =
0.0053). aP < 0.05 and bP < 0.01.

expression compared to mock cells. However, co-transfection of miR-194-5p with
siRNA TSIX, did have a positive impact on the PD-L1 expression profile compared to
mock cells (P = 0.0067). Co-transfection of miR-155-5p siRNA MALAT-1 showed a
significant upregulation of the PD-L1 transcript expression (P = 0.0060). However,
miR-155-5P was unable to elevate PD-L1 expression following knockdown of XIST as
there was no significant change in PD-L1 expression compared to mock cells.
Knockdown of TSIX and co-transfection with miR-155-5P significantly induced the
expression of PD-L1 (P = 0.0188) (Figure 7).

Impact of oleuropein on the study key players; PD-L1 transcript, miR-194-5p and
miR-155-5p and lncRNAs MALAT-1 and XIST
Treatment of Huh-7 cells with pure isolated oleuropein showed surprising results
(Figure 8). Oleuropein treatment significantly downregulated the expression of PD-L1
(P = 0.0011), XIST (P = 0.0020) and miR-155 (P = 0.0001); however, MALAT-1
expression profile was not affected following oleuropein treatment. The miR-194-5p
expression pattern was upregulated following oleuropein treatment (P = 0.0022).

DISCUSSION
The high expression pattern of immune checkpoints is a major cause of inefficient antitumor immunity. In this framework, immune checkpoint blockade has been
revitalized to unleash the potential of anti-tumor immunity[38]. Nevertheless,
immunotherapeutic approaches have modest responses in HCC. Thus, combinatorial
therapeutic strategies including epigenetic modulation through ncRNAs and
immunomodulation techniques are implemented to circumvent the limitation of
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Figure 6 Impact of knockdown of long non-coding ribonucleic acids MALAT-1, X-inactive specific transcript and the negative regulator of
X-inactive specific transcript on programmed death ligand 1 expression in Huh-7 cells. Using quantified real-time polymerase chain reaction, the
expression profile of programmed death ligand 1 (PD-L1) transcript was determined following transfection of Huh-7 cells with each of the siRNAs for lncRNAs
MALAT-1, X-inactive specific transcript and the negative regulator of X-inactive specific transcript. Values were normalized to an endogenous housekeeping gene
B2M. PD-L1 expression was induced following knockdown of MALAT-1 (P = 0.0010) compared to mock cells. On the contrary, following down regulation of the
negative regulator of X-inactive specific transcript, PD-L1 transcript expression was significantly induced (P = 0.0358) compared to mock cells. PD-L1 expression
level was totally unaffected by knocking down MALAT-1 in comparison with mock cells. TSIX: The negative regulator of X-inactive specific transcript.

Figure 7 Net impact of ectopic miR-194-5p and miR-155-5p expression on programmed death ligand 1 expression in the presence of
siRNA of lnc-ribonucleic acids X-inactive specific transcript, the negative regulator of X-inactive specific transcript and MALAT-1. The
impact of both tumour suppressor miR-194-5p and oncogenic miR-155-5p on programmed death ligand 1 (PD-L1) expression in Huh7 cells in the presence of long
non-coding ribonucleic acid X-inactive specific transcript (XIST), the negative regulator of X-inactive specific transcript and MALAT-1 siRNA was similar. Both miRNAs
induced upregulation of PD-L1 expression when each was accompanied by MALAT-1 siRNA, while knockdown of the long non-coding ribonucleic acid the negative
regulator of X-inactive specific transcript, i.e. upregulation of XIST expression, in the presence of miR-155-5p and miR-194-5p mimics down regulated PD-L1
expression. Ectopic expression of each of the miRNAs with knockdown of XIST had no net impact on PD-L1 expression. aP < 0.05 and bP < 0.01. TSIX: The negative
regulator of X-inactive specific transcript.

immunotherapeutic techniques[39]. Recently, a novel interaction circuit has been
demonstrated in the competing endogenous RNA (ceRNAs) network, composed of
three RNAs “lncRNA-miRNA-mRNA”. Here, we showed that PD-L1 in HCC is a
member of a ceRNA network orchestrated by miR-155, miR-194 and lncRNA XIST.
Based on in-silico analysis, the oncogenic miR-155-5p and tumour suppressor miR194-5p were predicted to target PD-L1 mRNA. It has been postulated that miR-155
promotes tumorigenic properties in HCC-derived cell lines and hence is an oncogenic
miRNA in HCC pathogenesis[40-42]. On the other hand, miR-194 has tumour suppressor
activity in HCC as it was downregulated in HCC biopsies[43-45]. Interestingly, a
paradoxical function of the tumour suppressor miR-194-5p in HCC was revealed in
this study, and was able to elevate the abundance of the oncogenic mediator, PD-L1.
Similarly, another study demonstrated the contradictory role of the oncomiR miR-125b
in hematological malignancies, in which its oncogenic activity could be overcome in
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Figure 8 Impact of oleuropein on the expression profile of the study key players. The expression pattern of programmed death ligand 1 (PD-L1),
micro ribonucleic acids 194-5p and 155-5p as well as long non-coding ribonucleic acids X-inactive specific transcript (XIST) and MALAT-1 were assessed following
oleuropein treatment. Values for micro ribonucleic acids were normalized to RNU6B while that for PD-L1, XIST and MALAT-1 were normalized to B2M. Enhanced
expression of miR-194-5p was observed following oleuropein treatment (P = 0.0022). However, PD-L1, XIST and miR-155-5p expression pattern were down
regulated, (P = 0.0011), (P = 0.0020) and (P = 0.0001), respectively. Oleuropein did not show any significant impact on MALAT-1 expression profile. bP < 0.01 and cP
< 0.001.

some instances in chronic lymphocytic leukemia to act as a tumour suppressor[46].
Inspired by the ceRNA regulatory network, we investigated the impact of the key
miRNAs players on the proposed lncRNAs. Bioinformatics analysis was adopted to
predict the potential lncRNAs targeted by miR-194-5p and miR-155-5p. Based on the
literature, two lncRNAs were selected, XIST and MALAT-1. LncRNA XIST is reported
to be an oncogenic RNA as it is associated with worsening of survival in HCC patients,
in which its oncogenic activity is mediated by AKt signaling pathway activation
through the miR-139-5p/PDK1 axis[47]. Nevertheless, overexpression of miR-194-5p
and miR-155-5p induced an elevation in XIST. This finding also confirms the potential
paradoxical role of miR-194-5p in HCC pathogenesis.
Several studies have shown upregulation of MALAT-1 in HCC biopsies[48,49].
However, one study reported that following MALAT-1 knockdown in a hepatoma cell
line, no variations in the proliferation pattern, cell cycle progression or nuclear
architecture were observed[50]. Surprisingly, overexpression of miR-194-5p induced the
elevation of MALAT-1. In contrast, induced expression of miR-155-5p resulted in
downregulation of MALAT-1. Taken together, these findings demonstrate the
paradoxical functions of miRNAs in tumours, in which miR-194-5p expression
induction elevated the expression of oncogenic members in the Huh-7 cell line. A
plausible explanation for this anomaly is the fact that a single miRNA can target tens
to hundreds of mRNAs, some of which are tumour suppressors and others are
oncogenes. According to the balance in expression of the targeted mRNAs, a net effect
of oncogenic or tumour suppressor activity can emerge[46].
Our study showed that knockdown of MALAT-1 using siMALAT-1 resulted in
downregulation of PD-L1 transcript. On the other hand, following knockdown of XIST
negative regulator, TSIX, PD-L1 transcript was significantly elevated. These findings
are considered to be helpful in clarifying the interesting role of tumour-suppressor
miR-194-5p in elevating PD-L1, an activity that could be mediated through XIST and
MALAT-1. However, the role of MALAT-1 in PD-L1 transcript elevation in HCC is still
questionable, as despite the downregulation of MALAT-1 upon miR-155-5p
overexpression, PD-L1 transcript was found to be highly abundant.
In order to have a full understanding of the ceRNA network involved in PD-L1
transcript level modulation in HCC, the combined effect of the respective miRNAs and
lncRNAs on PD-L1 transcript abundance was studied. MiR-194-5p elevated PD-L1
transcript abundance even in the absence of MALAT-1. However, when XIST was
knocked down, miR-194-5p was unable solely to affect PD-L1 abundance level.
Nevertheless, upon XIST upregulation together with mimicking of miR-194-5P, PD-L1
transcript level was restored. These findings provide solid evidence of the pivotal role
of XIST in increased PD-L1 transcript abundance. Surprisingly, similar findings were
observed following co-transfection of miR-155-5p mimics with each of the siRNAs of
the respective lncRNAs, comparable to their co-transfection with miR-194-5p. These
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findings provide extra proof of the insignificant role of MALAT-1 in the PD-L1
expression pattern in comparison with XIST and both respective miRNAs.
The in-vitro results of our study also demonstrated the dual activity of miR-194-5p.
Based on the literature, miR-194-5p has tumour suppressor activity in HCC by
exerting a negative impact on cell viability and proliferation[43]. However, our results
indicated that overexpression of miR-194-5p increased the abundance of the two
oncogenic HCC members PD-L1 and XIST similar to the impact of oncogenic miR-1555p. Hence, our next aim was to determine the results ex-vivo by screening HCC
biopsies for PD-L1, XIST and MALAT-1 expression. An elevated expression of XIST in
HCC biopsies was noted which was in accordance with several other studies that have
reported the oncogenic role of XIST in HCC[47,51]. Also, PD-L1 was found to be
significantly overexpressed in HCC biopsies compared to normal donor biopsies. This
result is similar to that in other studies which reported the elevated expression of PDL1 in HCC and its mechanistic role in immune evasion[52]. To our surprise, MALAT-1
was barely detected in HCC biopsies, in contrast to other studies that have reported
the oncogenic role of MALAT-1 in HCC[53]. The interesting finding of downregulated
MALAT-1 in HCC biopsies is in accordance with the in-vitro finding of the
insignificant role of MALAT-1 in PD-L1 expression in HCC cells.
This study highlights the potential therapeutic targets in HCC including the
members of the aforementioned upstream regulatory pathways of PD-L1.
Nevertheless, the clinical application of ncRNAs as therapeutics is still limited and
understudied. Thus, a trend towards using nutraceuticals in cancer therapy has
developed due to the feasibility of their clinical application[54]. Phytochemicals did not
only demonstrate epigenetic immunomodulation by targeting lncRNAs and miRNAs,
but have also revealed their role in immune checkpoint modulation[55].
Due to the favorable role of polyphenolic nutraceuticals in epigenetic modulation,
the nutraceutical oleuropein was selected for this study in order to determine its
impact on the study key players, based on its aforementioned anti-inflammatory and
immunomodulatory effects[33].
At 80 µmol/L[37], oleuropein significantly reduced the abundance of PD-L1 in Huh-7
cells. When the abundance of potential upstream regulatory ncRNAs was measured, it
was found that XIST expression was significantly down regulated. However,
oleuropein did not have a significant impact on MALAT-1 expression. Measurement of
the impact of oleuropein on miR-194-5p and miR-155-5p revealed that miR-194-5p
expression was markedly upregulated. In contrast, miR-155-5p was significantly
downregulated. This finding is in accordance with another study that reported the
negative impact of oleuropein on miR-155 in a breast cancer cell line, which
manifested anti-proliferative, apoptotic, and anti-metastatic effects in the breast cancer
cell line[56]. Finally, the potential of oleuropein as a therapeutic agent in HCC requires
further investigation in order to support these promising findings.
Some limitations must be acknowledged in this study. First, the limited number of
patients and subsequently, number of tissue biopsies; however, statistically significant
results were obtained. Further studies using a larger number of tissue biopsies should
be performed to validate the proposed pathway in a larger cohort of patients. Second,
a further robust study design is necessary to analyze the study key players in
peripheral blood samples of advanced HCC patients and to investigate the impact of
mimicking the miRNAs, miR-155-5p and miR-194-5p, on PD-L1 protein levels in HCC
cell lines.

CONCLUSION
In conclusion, this study reported the controversial role of miR-194-5p in HCC as it has
the paradoxical function of being both a tumour suppressor and oncogenic activity in
HCC, and had the same impact on upregulation of PD-L1 and XIST. Transfection of
each of the siRNAs of the respective lncRNAs, showed that XIST and MALAT-1 can
have a positive impact on PD-L1 transcript abundance. However, following a series of
co-transfections, it was demonstrated that XIST is a cornerstone in PD-L1 expression,
while MALAT-1 has no significant impact compared to the respective miRNAs and
XIST. Thus, a novel shared upstream regulatory signaling pathway for PD-1/PD-L1
immune checkpoint paradoxically acting on miR-194-5p and miR-155-5p occurs,
through XIST expression modulation (Figure 9). Thus, the key regulators of the ceRNA
circuit could be employed as therapeutic targets in HCC.
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Figure 9 Schematic representation of the shared pathway between miR-155-5p and miR-194-5p. This article highlights the novel shared upstream
regulatory signaling pathways for programmed cell-death protein 1/programmed death ligand 1 immune checkpoint between paradoxically acting miR-194-5p and
miR-155-5p, through lnc X-inactive specific transcript expression modulation. Mimicking of tumor suppressor miR-194-5p as well as oncomiR-155-5p in the Huh-7 cell
line showed the same upregulation pattern of X-inactive specific transcript. X-inactive specific transcript was proposed then to be an intermediate player whose
upregulation derived the increase in programmed death ligand 1 transcript abundance.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) develops in an inflammatory milieu containing
tumor infiltrating lymphocytes, thus boosting tumor immunogenicity and provides an
aspect for developing immunotherapies against HCC. However, immunotherapies
have a modest response in HCC, accordingly combinatorial therapies with epigenetic
immunomodulation may be a promising modality. Growing scientific evidence has
suggested a modulatory role for miRNAs and long non-coding ribonucleic acids
(lncRNAs) on programmed cell-death protein 1 (PD-1)/programmed death ligand 1
(PD-L1) immune checkpoint in HCC.

Research motivation
HCC is considered a therapy-resistant disease, and is frequently diagnosed at an
advanced stage. Thus, the development of a novel therapeutic modality is essential. It
is noteworthy that immune checkpoint blockade therapy in HCC is gaining attention.
Additionally, given the wide range of non-coding RNAs (ncRNAs) that orchestrate
PD-1/PD-L1 immune checkpoint, we investigated how selected ncRNAs regulate PD1/PD-L1 immune checkpoint. Hence, the therapeutic potential of combining
epigenetic immunomodulation through ncRNAs with immune checkpoint blockade
was studied.

Research objectives
This study aimed at exploring potential upstream regulatory ncRNAs of immune
checkpoint PD-1/PD-L1. Hence, the potential of combining immune checkpoint
blockade with epigenetic immunomodulation was investigated.

Research methods
Based on bioinformatics software and the literature, ncRNAs including miR-155-5p
and miR-194-5p as well as lncRNAs X-inactive specific transcript (XIST) and MALAT-1
were selected. 23 HCC tissue biopsies and 10 healthy donor tissue biopsies were used
to screen the expression of PD-L1 as well as lncRNAs XIST and MALAT-1. To study
the interaction between miR-155-5p, miR-194-5p, lncRNAs XIST and MALAT-1, as
well as PD-L1 mRNA, a series of transfections and co-transfections of the Huh-7 cell
line was carried out. Quantified real-time polymerase chain reaction was then utilized
to study the abundance of selected ncRNAs as well as PD-L1 transcripts in Huh-7 cells
in the transfections experiments.

Research results
Based on bioinformatics software and the literature, we hypothesized that a potential
upstream regulatory pathway to immune checkpoint PD-L1 is present in HCC,
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composed of both miRNAs, tumor suppressor miR-194-5p and oncomiR-155-5p, as
well as both lncRNAs XIST and MALAT-1. Following the screening of 23 HCC
biopsies, PD-L1 and XIST were found to be significantly upregulated compared to
healthy controls; however, MALAT-1 was barely detected. Induced expression of miR194-5p and miR-155-5p in the Huh-7 cell line showed the same pattern of upregulation
of both PD-L1 transcript and XIST. However, ectopic expression of the respective
miRNAs had a paradoxical impact on MALAT-1 abundance, i.e. miR-194-5p induced
the upregulation of MALAT-1 while miR-155-5p downregulated the abundance of
MALAT-1. Knockdown of XIST had no impact on PD-L1 expression; however,
following knockdown of the negative regulator of X-inactive specific transcript (TSIX),
PD-L1 expression was elevated, and MALAT-1 activity was abolished. Upon cotransfection of miR-194-5p with siMALAT-1, PD-L1 expression was elevated. On the
other hand, co-transfection of miR-194-5p with siXIST did not have an impact on PDL1 expression. Following co-transfection of miR-194 with siTSIX, PD-L1 expression
was upregulated. Interestingly, the same PD-L1 expression pattern was revealed
following the oncomiR-155-5p co-transfection series.

Research conclusions
In conclusion, this study reported the controversial role of miR-194-5p in HCC and
despite its paradoxical function of a tumour suppressor and having oncogenic activity
in HCC, both had the same impact on upregulation of XIST. LncXIST is thought to be
an intermediate player whose upregulation increased PD-L1 transcript abundance.

Research perspectives
Although further investigations are needed, this study proposes a novel competing
endogenous RNA circuit made up of both miR-155-5p and miR-194-5p as well as
lncXIST and PD-L1 mRNA. This circuit could be regarded as a potential therapeutic
target in HCC.
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Abstract
BACKGROUND
Genetic factors play an important role in the pathogenesis and development of
metabolic dysfunction-associated fatty liver disease (MAFLD).
AIM
To study the association of single nucleotide polymorphisms (SNPs), previously
identified in Western populations, with the risk of MAFLD in a Singapore Chinese
population and their interactions with environmental and medical risk factors.
METHODS
A retrospective case-control study was conducted with 72 MAFLD cases and 72
controls with no hepatic steatosis on computed tomography, magnetic resonance
imaging, or controlled attenuation parameter score. Subjects were recruited from
two tertiary hospitals. Genetic alleles such as NCAN, GCKR, LYPLAL1, PNPLA3,
PPP1R3B, FDFT1, COL13A1, EFCAB4B, PZP, and TM6SF2 were genotyped using
the TaqMan® Predesigned SNP Genotyping Assay.
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RESULTS
Weight and body mass index (BMI) were 1.2-times higher in patients (70.6 kg,
95% confidence interval [CI]: 57.1-84.1 vs 60.8 kg, 95%CI: 48.5-73.1, P < 0.001 and
26.9 kg, 95%CI: 23-40.8 vs 23.3 kg 95%CI: 19-27.6, P < 0.001 respectively). The
prevalence of diabetes mellitus in patients was 40.3% and 20.8% in controls (P =
0.011). Patients had higher mean triglycerides than controls (P < 0.001). PNPLA3
GG was more likely to be associated with MAFLD (43.4% CC vs 69.7% GG, P =
0.017, and 44.8% CG vs 69.7% GG, P = 0.022). In multivariable analysis,
hypertriglyceridemia (odds ratio [OR]: 2.04 95%CI: 1.3-3.1, P = 0.001), BMI (OR:
1.2 95%CI: 1.1-1.4, P < 0.001) and PNPLA3 GG (OR: 3.4 95%CI: 1.3-9.2, P = 0.014)
were associated with MAFLD (area under the receiver operating characteristic
curve of 0.823).
CONCLUSION
Among the Chinese population of Singapore, PNPLA3 homozygous GG allele is a
strong predictor of MAFLD, whereas LYPLAL1, GCKR, FDFT1, COL13A1, PZP,
and TM6SF2 are not significantly associated. Hypertriglyceridemia, high BMI,
and PNPLA3 GG are independent predictors of MAFLD.
Key Words: Single nucleotide polymorphism; PNPLA3; Genotyping; Metabolic
dysfunction-associated fatty liver disease; Non-alcoholic steatohepatitis; Hypertriglyceridemia; Body mass index; Waist-hip ratio, Screening; Hepatic steatosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A number of genetic variations (known as single nucleotide polymorphism,
SNPs) are reportedly associated with metabolic dysfunction-associated fatty liver
disease (MAFLD), mostly by studies from Europe and America. This study examined
10 of the most important SNPs in a Chinese population in Singapore, and found that 1
such variation, the PNPLA3 GG variation, is strongly linked to MAFLD, whereas the
rest are not significantly associated. PNPLA3, together with high triglyceride and
elevated body mass index, are found to be independent, strong predictors of MAFLD.
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INTRODUCTION
Metabolic dysfunction-associated fatty liver disease (MAFLD) is increasingly
recognized as a leading cause of liver morbidity and mortality, and has emerged as the
most common chronic liver disease[1]. The increasing prevalence of MAFLD is
associated with the epidemic surge in obesity and metabolic syndrome[2]. The
estimated prevalence of MAFLD in Asia is about 27.4%[1]. MAFLD is a clinicopathological spectrum that consists of hepatic steatosis and non-alcoholic
steatohepatitis (NASH), with up to 20% of NASH patients progressing to cirrhosis and
end-stage liver complications[3-5]. This heralds an expectant future epidemic of
hepatocellular carcinoma (HCC) caused by NASH, potentially overshadowing the role
of viral hepatitis in the development of HCC[6-8]. Reflecting this trend, NASH is the
most rapidly growing indication for liver transplantation in the United States,
increasing 4-fold from 2002 to 2012, and is poised to become the leading indication[9].
The pathogenesis of MAFLD is multifactorial and complex, and both genetic and
epigenetic factors appear to play vital roles in its development. These factors interact
with environmental, dietary, and metabolic risk factors, which all contribute to the
development of MAFLD and the risk of disease progression. Different genes encode
proteins involved in the regulation of lipid metabolism in the liver[10]. Excess of hepatic
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triglycerides (TGs) associated with insulin resistance is a key mechanism in MAFLD
pathophysiology. Adipose tissue insulin resistance is linked with lower circulating
adipokines and this leads to increased lipolysis with resultant oxidative stress,
lipotoxicity and apoptosis, thus inducing NASH[11,12].
A multitude of studies have demonstrated a heritable component and familial
clustering as important factors in MAFLD. The majority of these studies have been
published in the western population. First-degree relatives of individuals with
MAFLD have conferred a higher risk of the disease compared to the general
population[13]. Twin studies have shown that genetic factors contribute up to 60% of
variability in alanine aminotransferase (ALT) levels and hepatic fat content in
subjects[14]. Over the years, multiple genetic single nucleotide polymorphisms (SNPs)
associated with MAFLD have been studied. PNPLA3 is the major gene associated with
hepatic TG content, increasing susceptibility to more aggressive forms of MAFLD and
HCC[15-18]. Specifically, the variant allele rs738409 C>G or I148M of PNPLA3 is deemed
an important genetic factor for a predisposition towards progressive MAFLD and
increases hepatic TG accumulation[15]. The genetic association with PNPLA3 is also
evident in several Asian studies and is estimated to be present in 13%-19% of the
general population[19-21]. In a Chinese study, PNPLA3 had a stronger correlation with
hepatic steatosis in non-obese individuals without metabolic syndrome[20]. Other SNPs
associated with progressive MAFLD include TM6SF2, LYPLAL1, NCAN, APOB,
MBOAT7, LPIN1, GCKR, ENPP1[22]. The effect size and allele frequency of these genetic
variants have shown much diversity across different ethnicities leading to racial and
ethnic differences in MAFLD prevalence[23]. To date, these genetic variants have not
been evaluated in our local population.
In this study, we evaluated the association of SNPs, previously identified in Western
populations, and environmental and medical risk factors with the risk of MAFLD in a
Singapore Chinese population.

MATERIALS AND METHODS
The study was conducted using a retrospective case-control design recruiting subjects
from the National University Hospital (NUH) and Khoo Teck Puat Hospital in
Singapore. All participants gave informed consent and the study was approved by the
Institutional Review Board.

Inclusion criteria
Fatty liver was identified based on computed tomography (CT) or magnetic resonance
imaging (MRI) or histopathology of liver (> 20% steatosis) or controlled attenuation
parameter (CAP) score. CAP is a non-invasive tool for the detection of hepatic steatosis
but is limited by body mass index (BMI). CAP value of S2-3 (≥ 34% steatosis) is
considered as positive hepatic steatosis and S0 (< 5% steatosis) as no steatosis. The
enrolled subjects in this study were Singapore residents of Chinese ancestry. These
subjects also do not have other chronic liver etiology. The control group will either
have a CT or MRI scan or CAP score showing the absence of hepatic steatosis
(performed for non-liver disease indications) within 1 year of enrolment into the
study.

Exclusion criteria
Patients with secondary causes of steatosis including alcohol abuse, total parenteral
nutrition, hepatitis B and hepatitis C virus infection, and the use of drugs known to
precipitate hepatic steatosis were excluded. In addition, patients with any of the
following diseases such as autoimmune hepatitis, drug-induced liver disease, primary
biliary cirrhosis, and primary sclerosing cholangitis were excluded from participation
in this study.

Clinical data collection
Subjects underwent an assessment comprising anthropometric measurements and a
questionnaire on health-related behaviors such as smoking and alcohol drinking
habits. Smokers are defined as subjects who had smoked at least 100 cigarettes during
their lifetime and are henceforth classified as smokers vs non-smokers. With regards to
drinking history, the study was confined to men and women who drank less than 140
g or 70 g of alcohol per week respectively. Body measurements including weight and
height were measured in a standardized fashion by a trained examiner. BMI was
calculated as follows: Weight (kg) divided by height squared (m2). Overweight and/or
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obesity were defined as having a BMI > 23 kg/m2 and > 28 kg/m2 respectively. Venous
blood samples were drawn for biochemical and genotyping analyses. Total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), TG, fasting plasma glucose (FPG), and liver function tests were measured by
standard clinical laboratory techniques in NUH Biochemistry Laboratory. Reduced
HDL-C, hypertriglyceridemia, and raised FPG were diagnosed according to the
International Diabetes Federation consensus worldwide definition of the metabolic
syndrome.

SNP genotyping
Blood samples obtained from the subjects were centrifuged at 1500 rpm for 10 min.
The buffy coat layer was separated and transferred into a 1.5-mL centrifuge tube.
Genomic DNA was extracted from the concentrated lymphocytes of the buffy coat
using the QIAamp DNA Mini Kit (Qiagen, Hilden, German). The related genetic
a l l e l e s s u c h a s NCAN, GCKR, LYPLAL1, PNPLA3, PPP1R3B, F D F T 1 , COL13A1,
EFCAB4B, PZP, and TM6SF2 were genotyped using the TaqMan® Predesigned SNP
Genotyping Assay (Applied Biosystems, Foster City, CA, United States) on a step one
real-time PCR instrument (Applied Biosystems). The total reaction volume for each
well was 10 µL containing 5 µL universal mastermix (Applied Biosystems), 0.5 µL
assay mix, 3.5 µL distilled water, and 1 mL genomic DNA. The plate was set up at 95
°C holding stage for 20 s, 45 cycles of 95 °C denaturation for 3 s and 60 °C annealing
for 20 s and run on a fast reaction (40 min for each run). Negative controls were
introduced for every run to ensure genotyping quality.
The pathologist, radiologist, and laboratory technologist, who performed the tests
for hepatic steatosis and SNPs, were blinded to the patients’ participation in this study.
The laboratory team performing and interpreting the SNP assay was blinded to the
identity and grouping of the patients and samples.

Statistical analysis
The data were analyzed using SPSS (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY, United States) and P < 0.05 was considered
statistically significant. All values are presented as the mean ± standard deviation (SD)
for continuous data and as frequency and percent for categorical data. For normally
distributed variables (age, BMI, waist circumference, ALT, HDL cholesterol, LDL
cholesterol, TC, TG, and systolic blood pressure), two independent sample t-test was
performed to compare between NASH and simple steatosis. Categorical variables
were compared between cases and controls using Chi-square or Fisher’s exact test,
where appropriate. Multivariable logistic regression analysis was performed to
investigate the association of risk factors and SNPs with MAFLD outcome. Area under
the curve, positive predictive value and negative predictive value were assessed using
receiver operating characteristic analysis.

RESULTS
In total, 150 patients were screened initially; however, 6 were lost to follow-up after
recruitment and were removed from the analysis; 72 MAFLD subjects and 72 control
subjects completed the study. Among the cases, the methods used to diagnose fatty
liver disease were CT (54%); biopsy (24%); combination of ultrasound, laboratory
results and clinical features (11%); MRI (10%); and CAP score (1%). Majority (99%) of
controls were identified based on CT and MRI results. The mean age was 57 years and
61 years for the NAFLD and control group respectively. 59.7% of the patients in each
group were male. 11.8% were smokers. None of the patients in both groups drank
more than the 140 g (male) or 70 g (female) of alcohol per week.
The subjects who had MAFLD were more likely to have BMI higher than 24.9
kg/m2 (27, 95% confidence interval [CI]: 23-31 vs 23, 95%CI: 19-28, P < 0.001). While
waist-hip ratio was similar between the two groups (0.94, 95%CI: 0.9-1.0 vs 0.95,
95%CI: 0.8-1.1), lipid profiles were significantly higher in the MAFLD group than in
the control group. Mean TC in MAFLD group was 4.4 (95%CI: 2.9-5.8) while in control
was 3.4 (95%CI: 1.2-5.7), P = 0.0032, and mean TG in MAFLD group was 1.7 (95%CI:
0.8-2.7) while in control was 1.0 (95%CI: 0.1-1.98), P < 0.0012, (Table 1). 36% of MAFLD
patients were taking lipid-lowering agents while only 24% in the control group were.
Similar proportion of each group had hypertension (35% in MAFLD group vs 31% in
control group, P = 0.594) and were on anti-hypertensive medication. There were 40%
of patients who had diabetes mellitus in MAFLD group compared to 21% in the

WJH

https://www.wjgnet.com

1231

December 27, 2020

Volume 12

Issue 12

Lee GH et al. Genetic variants in MAFLD

Table 1 Patients’ demographics and clinical characteristics
NAFLD patient, n = 72

Control, n = 72

Total, n = 144

P value

Age

57 (46-68)

61 (48-74)

59 (46-71)

0.0372

Male, %

43 (59.7%)

43 (59.7%)

86 (59.7%)

1.01

BMI, kg/m2

27 (23-31)

23 (19-28)

25 (21-30)

< 0.0012

Waist-hip ratio

0.94 (0.9-1.0)

0.95 (0.8-1.1)

0.9 (0.8-1.0)

0.5872

Smoker, %

5 (6.9%)

12 (16.7%)

17 (11.8%)

0.0711

DM, %

29 (40.3%)

15 (20.8%)

44 (30.6%)

0.0111

Hypertension, %

25 (34.7)

22 (30.6%)

47 (32.6%)

0.5941

On anti-diabetic treatment

26 (36.1)

14 (19.4)

40 (27.8)

0.0261

On lipid-lowering treatment

26 (36.1)

17 (23.6)

43 (29.9)

0.1011

Clinical characteristics

Laboratory measures
Serum lipid levels and fasting glucose
Total cholesterol, mmol/L

4.4 (2.9-5.8)

3.4 (1.2-5.7)

3.9 (1.9-5.8)

0.00322

LDL-C, mmol/L

2.5 (1.5-3.5)

2.1 (0.7-3.5)

2.3 (1.1-3.6)

0.04922

HDL-C, mmol/L

1.3 (0.6-1.9)

1.0 (0.3-1.7)

1.6 (0.5-1.8)

0.02922

TG, mmol/L

1.7 (0.8-2.7)

1.0 (0.1-1.98)

1.4 (0.4-2.4)

< 0.00122

FPG, mmol/L

6.1 (5.6-6.6)

5.9 (5.5-6.3)

6.0 (5.7-6.3)

0.45922

Albumin, g/L

40.9 (32.1-49.7)

41.0 (34.6-47.3)

40.9 (33.3-48.6)

0.97422

Bilirubin, mmol/L, Median

13.1 (4.5-21.7), Median 11.0

14.7 (-15.6-44.97), Median 9.0

13.9 (-8.3-36.1), Median 10.0

0.66722

AST, U/L

37.1 (16.7-57.5)

26.2 (7.4-44.9)

31.7 (11.4-51.98)

0.00122

ALT, U/L

46.2 (15.5-76.8)

22.2 (8.2-36.1)

34.3 (7.6-60.9)

< 0.00122

ALP, U/L

87.6 (36.2-138.9)

77.4 (39.95-114.8)

82.5 (37.4-127.6)

0.17922

INR

0.9 (0.5-1.2)

0.8 (0.2-1.3)

0.8 (0.3-1.3)

0.37322

Platelet as 109/L

223 (130-315)

256 (162-350)

240 (146-334)

0.04022

Liver function test

Categorical variables were in number (%) and continuous variables in range (95% confidence interval).
1
Chi-squared test.
2
Student’s t-test. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; DM: Diabetes mellitus; HDL-C: High-density
lipoprotein cholesterol; FPG: Fasting plasma glucose; INR: International normalized ratio; LDL-C: Low-density lipoprotein cholesterol; NAFLD:
Nonalcoholic fatty liver disease; TGs: Triglycerides.

control group (P = 0.011). However, there was no difference in fasting glucose between
the two groups (6.1, 95%CI: 5.6-6.6 vs 5.9, 95%CI: 5.5-6.3) since most patients were
treated with anti-diabetic medication. Both aspartate aminotransferase (AST) and ALT
levels were observed to be higher in MAFLD patients than in the controls (Table 1).
A total of 9 SNPs were tested and PNPLA3 G allele is more likely to be associated
with MAFLD compared to C allele (GG vs CC OR: 3.0 [95%CI: 1.2-7.5] and GG vs CG
OR: 2.83 [95%CI: 1.1-6.9]). Some homozygous alleles of NCAN, PPP1R3B, and
EFCAB4B that were proven significantly associated with MAFLD in the west are found
to be absent among the study population. For instance, NCAN homozygous TT allele,
PPP1R3B homozygous GG allele and EFXAB4B homozygous TT allele were not found
in any of the recruited MAFLD and non-MAFLD participants. Furthermore, there
were some alleles in which each was present only among the minority (< 3%) of the
study population, particularly for allele PPP1R3B AG, EFCAB4B CT, PZP CT,
LYPLAL1 TT and TM6SF2 TT. Despite the high presentation among the MAFLD
patient group, four SNPs were not significantly associated with the presence of
MAFLD. Two of the insignificant SNPs could be due to small sample sizes as
mentioned above in EFCAB4B CT vs CC (odds ratio [OR]: 3.09, 95%CI: 0.31-30.40) and
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PPP1R3B AA vs AG (OR: 3.09, 95%CI: 0.31-30.4). Another two insignificant alleles
were COL13A1 AA vs GG (OR: 2.3, 95%CI: 0.4-13.1) and PZP CC vs TT (OR: 2.0,
95%CI: 0.9-4.4) (Figure 1).
We performed multivariable analysis of risk factors and SNPs, independent
predictors of MAFLD were hypertriglyceridemia (OR: 2.3 95%CI: 1.3-4.1), BMI (OR: 1.2
95%CI: 1.1-1.4) and PNPLA3 GG (OR: 4.1 95%CI: 1.3-12.9) (Table 2). This model has a
cut-off value of 0.47 (based on Youden index) that can predict 73.8% of positive cases
with an area under the receiver operating characteristic curve (AUROC) of 0.823
(95%CI: 0.73-0.91, P < 0.001) (Figure 2). Without the PNPLA3, the model performance
in the prediction of MAFLD was lower with the AUROC of 0.789 (95%CI: 0.71-0.86, P <
0.001).

DISCUSSION
In this study, PNPLA3 GG allele was the only SNP found to be associated with
progressive MAFLD in the Singaporean Chinese population. The surprising finding is
none of the other SNP variants, including LYPLAL1, GCKR, FDFT1, COL13A1, PZP,
and TM6SF2, which were identified in the Western population, demonstrate a similar
association. On further analysis, the PNPLA3 GG variant, elevated BMI, and
hypertriglyceridemia were independent predictors of MAFLD.
The PNPLA3 I148M variant is associated with increased severity of MAFLD, with a
higher susceptibility to NASH, fibrosis, and HCC[24]. The I148M mutation confers
double the risk for HCC for each variant allele[17]. PNPLA3 I148M predisposes to lower
hepatic very-low-density lipoprotein (VLDL)[25] and also lower levels of adiponectin[26]
which result in inflammation leading to the development of NASH[27]. Furthermore,
this association is independent of predisposition to hepatic steatosis, insulin resistance,
dyslipidemia or obesity[15]. A study of Italian and United Kingdom patients who
carried the PNPLA3 GG genotype had a 3.3-fold risk of MAFLD compared to those
with the CC genotype. This data is in line with our results of the predisposition of
homozygous GG allele to MAFLD. The GG phenotype was linked with higher LDL
levels, fasting insulin levels, homeostasis model assessment of insulin resistance
(HOMA-IR) score. However, there was no association with type 2 diabetes. These
subjects also had significantly higher ALT levels in comparison with those who
possessed the CC or CG genotypes[28]. In Asians, there is a higher prevalence of the
entity that is non-obese MAFLD defined as those with a BMI of less than 25 kg/m2.
There is some evidence indicating a greater influence of the PNPLA3 variant in the
non-obese MAFLD subjects. Wei et al[29] reported a higher proportion of non-obese
MAFLD patients with the PNPLA3 variant (78.4%) compared with the obese MAFLD
group (59.8%) in a population-based study from Hong Kong. But the mechanism
linking the two is incompletely understood. On the contrary, these results were not
replicated in our study.
Polymorphism in the PNPLA3 gene may also play an important role in the
management of MAFLD as there is data suggesting that lifestyle modification may be
more beneficial in this group compared to other genotypes. The effect of degree of
weight loss on intrahepatic TG content and liver enzyme levels was more pronounced
in MAFLD patients with the homozygous GG allele than in subjects with the
homozygous CC allele[30,31]. Hence, lifestyle modification and weight loss can be
strongly advocated in our patient cohort with a predominance of the GG genotype
which may result in more optimal outcomes.
Variants in the GCKR gene (rs1260326 and rs780094) increase MAFLD susceptibility
by inducing lipogenesis via activation of hepatic glucose uptake[22,32]. In a study on
Italian MAFLD patients, GCKR rs780094 C>T was associated with higher serum TG
levels and severity of liver fibrosis[33]. However, there was no observed association
between the GCKR SNP and our study cohort. The FDFT1 gene is involved in the
regulation of cholesterol biosynthesis and the rs2645424 SNP has been shown to
demonstrate a positive correlation with the MAFLD activity score (NAS)[34]. Several
genes with different SNPs including COL13A1 and EFCAB4B were associated with
lobular inflammation in NASH whereas PZP SNPs had an association with serum AST
levels[34]. A large GWAS study detected variants in NCAN (rs2228603) and LYPLAL1
correlating with histologic lobular inflammation and fibrosis, but not in PPP1R3B
which was associated with liver steatosis only[22]. Another major genetic determinant of
MAFLD is TM6SF2 which is associated with reduced hepatic secretion of VLDL and
increased risk of myocardial infarction. However, a study from Hong Kong showed a
prevalence of only 0.4% of Chinese who had the variant which conferred a higher risk
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Table 2 Multivariable analysis of the environmental factors and single nucleotide polymorphisms
Odds ratio

95%CI
Lower

Upper

P value

TG, mmol/L

2.338

1.3

4.1

0.003

BMI, kg/m2

1.243

1.1

1.4

0.003

PNPLA3 GG vs CC

4.146

1.3

12.9

0.014

BMI: Body mass index; CI: Confidence interval; TGs: Triglycerides.

Figure 1 Single nucleotide polymorphisms in patients with or without metabolic dysfunction-associated fatty liver disease. The bar charts
represent the percent of each allele comparing metabolic dysfunction-associated fatty liver disease (MAFLD) patients (blue) and controls (green). 1Chi-squared test;
2
Fisher’s exact test.

of MAFLD, indicating a potentially limited role of this gene in Asian MAFLD[35].
Overall, none of these genetic SNPs except for PNPLA3 were related to MAFLD
development in our study population.
This study had limitations. The general limitations of case-control design are welldocumented. The sample size may not be large enough to detect the effects of some of
the genetic polymorphisms tested, but the effect sizes will likely be too small for
clinical application. Despite our best effort to match the control group with the
MAFLD subjects, we were not able to completely balance all known risk factors and
associated co-morbidities linked to MAFLD. Very few patients with high BMI in our
population have completely normal findings for liver steatosis measurement, and also
free from other features of metabolic syndrome. As a result, BMI and corresponding
risk factors, such as diabetes mellitus and hyperlipidemia are more prevalent in the
MAFLD group. The other major limitation is the lack of liver histology in the study
population to have the gold standard diagnosis of hepatic steatosis and steatohepatitis.
Surrogate markers, including CAP score (on FibroScan), CT, and MRI, are accepted. To
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Figure 2 Area under curve of the regression model including PNPLA3 GG. Area under curve by receiver operating characteristic is 0.823 (95%
confidence interval: 0.73-0.91, P < 0.001). Regression equation -7.01+0.849 (triglycerides) + 0.218 (body mass index) + 1.422 (PNPLA3 GG). Positive predictive
value = 72.1%. Negative predictive value = 65.4%.

avoid diagnostic uncertainties, we used more stringent criteria for defining hepatic
steatosis. For CAP score, we accepted only subjects with S2 and above into the MAFLD
group and only S0 into the control group. For histopathology, we included only those
patients with higher liver steatosis of 20% or more into the MAFLD group and < 5%
into the control group.

CONCLUSION
In conclusion, we demonstrated that the genetic variant in PNPLA3 is associated with
an increased risk of MAFLD in the Singaporean Chinese population, but not with the
other studied SNPs. While it is possible that with a much larger study population,
some of these MAFLD-related SNPs may reach statistical significance, their effect size
is likely to be much smaller than PNPLA3, and are unlikely to inspire lifestyle changes
in affected individuals. Together with the other factors of TG level and BMI, PNPLA3
can potentially be used as a predictive tool to identify individuals in the community,
who are at risk of more progressive forms of MAFLD for targeted close surveillance
and early weight loss interventions. The influence of genetic variation can be
translated into more precise clinical management, which should be tailored to each
individual population in the country.

ARTICLE HIGHLIGHTS
Research background
Metabolic dysfunction-associated fatty liver disease (MAFLD) is increasingly
recognized as a leading cause of liver morbidity and mortality and has emerged as the
most common chronic liver disease globally. The estimated prevalence of MAFLD in
Asia is about 27.4%. Genetic factors play an important role in the pathogenesis and
development of MAFLD.

Research motivation
A number of genetic variations (known as single nucleotide polymorphism, SNP) have
been reported to be associated with MAFLD, mostly by studies from Europe and
America. This study examines 10 of the most important SNPs in the Chinese
population in Singapore.

Research objectives
To study the association of SNPs, previously identified in Western populations, with
the risk for MAFLD in the Singapore Chinese population and their interactions with
environmental and medical risk factors.

Research methods
This is a retrospective case-control study of 72 MAFLD cases and 72 controls with no
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hepatic steatosis on imaging or controlled attenuation parameter score. Subjects were
recruited from two tertiary hospitals in Singapore.

Research results
PNPLA3 GG was more likely to be associated with MAFLD (43.4% CC vs 69.7% GG, P
= 0.017, and 44.8% CG vs 69.7% GG, P = 0.022). In multivariable analysis,
hypertriglyceridemia (OR: 2.04 95%CI: 1.3-3.1, P = 0.001), body mass index (BMI, OR:
1.2 95% confidence interval [CI]: 1.1-1.4, P < 0.001) and PNPLA3 GG (odds ratio [OR]:
3.4 95%CI: 1.3-9.2, P = 0.014) were associated with MAFLD (area under the receiver
operating characteristic curve of 0.823).

Research conclusions
This study showed that PNPLA3 GG allele was the only SNP associated with
progressive MAFLD in the Singaporean Chinese population. The PNPLA3 GG variant,
elevated BMI, and hypertriglyceridemia were independent predictors of MAFLD.

Research perspectives
PNPLA3, along with triglyceride level and BMI, can potentially be used as a predictive
tool to identify and risk-stratify affected individuals in the community for early
intervention and targeted surveillance.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) represents the most common primitive liver
malignancy. A relevant concern involves the lack of agreement on staging
systems, prognostic scores, and treatment allocation algorithms.
AIM
To compare the survival rates among already developed prognostic scores.
METHODS
We retrospectively evaluated 140 patients with HCC diagnosed between February
2006 and November 2017. Patients were categorized according to 15 prognostic
scoring systems and estimated median survivals were compared with those
available from the current medical literature.
RESULTS
The median overall survival of the cohort of patients was 35 (17; 67) mo, and it
was statistically different in relation to treatment choice, ultrasound surveillance,
and serum alpha-fetoprotein. The Italian Liver Cancer (ITA.LI.CA) tumor staging
system performed best in predicting survival according to stage allocation among
all 15 evaluated prognostic scores. Using the ITA.LI.CA prognostic system, 28.6%,
40.7%, 22.1%, and 8.6% of patients fell within stages 0-1, 2-3, 4-5 and > 5
respectively. The median survival was 57.9 mo for stages 0-1, 43 mo for stages 2-3,
21.7 mo for stages 4-5, and 10.4 mo for stage > 5. The 1-, 3-, and 5-year survival
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rates were respectively 95%, 65%, and 20%, for stages 0-1; 94.7%, 43.9% and 26.3%
for stages 2-3; 71%, 25.8% and 16.1% for stages 4-5; and 50%, 16.7% and 8.3% for
stage > 5. At the same time, although statistically significant in prognostic
stratification, the most commonly used Barcelona Clinic Liver Cancer system
showed one of the most relevant differences in median survival, especially for
stages A and C, when compared to the medical literature. In fact, 10.7%, 59.3%,
27.1%, 1.4%, and 0% of patients were stratified into stages 0, A, B, C, and D
respectively. The median survival was > 81.1 mo for stage 0, 44.9 mo for stage A,
21.3 mo for stage B, and 3.1 mo for stage C. The 1-, 3-, and 5-year survival rates
were respectively 86.7%, 60%, and 46.7% for stage 0; 91.6%, 50.6%, and 20.5% for
stage A; 73.7%, 23.7% and 13.2% for stage B; and 2%, 0% and 0% for stage C.
CONCLUSION
Survival analysis shows excellent prognostic ability of the ITA.LI.CA scoring
system compared to other staging systems.
Key Words: Hepatocellular carcinoma; Prognostic score system; Prognostic factors;
Survival analysis; Barcelona Clinic Liver Cancer score system; Italian Liver Cancer score
system
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Italian Liver Cancer tumor staging system seems a promising prognostic
score system with a good applicability and reproducibility for patients with
hepatocellular carcinoma.
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Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide,
and the third cause of cancer-related mortality[1]. It is the second most frequent liver
malignancy following liver metastasis and the most frequent primitive liver neoplasm,
accounting for more than 850000 new diagnoses each year and more than 800000
deaths[2]. Incidence and death rates are increasing steadily (about 2%-3% per year)[3,4].
HCC usually arises in patients affected by liver cirrhosis, regardless of the etiology[5,6].
As chronic liver disease represents the leading risk factor for developing HCC,
ultrasound surveillance in this condition is crucial to increase early detection rates and
improve the overall survival in treated patients[7,8]. Current unmet clinical needs
involve proper staging, prognosis, and treatment allocation of HCC patients. Both the
American Association for the Study of Liver Diseases and the European Association
for the Study of the Liver and the European Organization for Research and Treatment
of Cancer recommend staging systems that take into account tumor stage, liver
function, and physical status in the form of the Barcelona Clinic Liver Cancer (BCLC)
staging classification[9-13]. Also, patients’ characteristics, features of the nodules, and
liver function drive the choice of treatment, which might be curative (e.g., liver
resection, liver transplantation, radiofrequency ablation, microwave ablation,
percutaneous ethanol injection) or merely palliative (transarterial chemoembolization/radioembolization, or specific protein kinases inhibitors such as
sorafenib or lenvatinib). However, since the clinical management for HCC can be
challenging, treatment should be defined and individualized by a multidisciplinary
team composed of hepatologists, hepatobiliary surgeons, interventional radiologists,
surgical and medical oncologists.

https://www.wjgnet.com

1240

December 27, 2020

Volume 12

Issue 12

Campigotto M et al. HCC in North-East Italy

L-Editor: Filipodia
P-Editor: Liu JH

WJH

HCC staging systems
In the last 30 years, several staging systems have been proposed for the prognosis
stratification and treatment choices of HCC. The tumor node metastasis[14,15] system
does not take into account patient characteristics (e.g., liver function tests), thus not
allowing for an appropriate prognostic stratification, especially for patients with large
tumors[16,17]; therefore, other systems have been developed. For example, the BCLC is
the most widely accepted and used in clinical practice although many others in past
times (i.e. Okuda Staging System[18], Cancer of the Liver Italian Program (CLIP) staging
system[19], Groupe d’Etude et de Traitement du Carcinome Hépatocellulaire [GRETCH]
staging system[18,20]) and more recently (i.e. Japanese Integrated Staging [JIS] score[21],
Tokyo Scoring System, Hong Kong Liver Cancer [HKLC] classification[22,23], Model to
Estimate Survival in Ambulatory HCC patients [MESIAH] staging score[24,25], albuminbilirubin [ALBI] grading system[26], ALBI-based BCLC staging system, ALBI-T score[27],
model to estimate survival for HCC patients [MESH] scoring system[28], NIACE score
system[29] and Italian Liver Cancer Group [ITA.LI.CA] score system) allowed
physicians allocate all possible presentations of HCC cases. In addition, other scores
aimed toward driving treatment procedures have been developed to improve and
provide more effective and customized therapy for specific groups of patients;
consensus on their use, however, is still to be reached. Meaningful examples are
represented by the needle and syringe program (NSP) scoring system[30], hepatoma
arterial-embolization (HAP) scoring system[31], the Selection for Transarterial
chemoembolization Treatment (STATE) scoring system and START strategy[32] and
tumor size and number, baseline alpha-fetoprotein (AFP), Child-Pugh and objective
radiological response (SNACOR) staging system[33]. The main features of the abovementioned scoring system are reported in Table 1.
Proposed in 1999 and updated in 2003, the BCLC staging classification analyzes
tumor size, presence of metastasis, portal hypertension, Child-Turcotte-Pugh score,
total bilirubin and performance status, stratifying patients into five groups: Stage 0
(very early HCC), stage A (early HCC) which is divided into four subgroups A1-A4;
stage B (intermediate HCC); stage C (advanced HCC); stage D (end-stage HCC). The
recommended therapy changes according to the stage: Surgical resection is indicated
from stage 0 to A2, liver transplant or local ablation procedures from stage A2 to A4,
transarterial chemoembolization (TACE) for stage B, sorafenib for stage C, and
supportive care for stage D[34-36]. The median survival for the various stages is over 60
mo for BCLC 0-A, 20 mo for BCLC B, 11 mo for BCLC C and less than 3 mo for BCLC
D. Despite its widespread application, the BCLC staging classification has some
limitations, especially the strictness in treatment recommendation and the fact that it
includes considerably heterogeneous populations in the same stage (principally stage
B and C)[37,38]. Because of the heterogeneity of patients in the intermediate stage (B) of
BCLC, several authors have attempted to create subclassifications within this stage to
provide more precise prognostic information and allow a more tailored therapeutic
approach. In 2012, Bolondi et al[39] proposed a four-class substaging from B1 to B4,
based on characteristics such as Child-Turcotte-Pugh score, beyond Milan and up-to-7
criteria, Eastern Cooperative Oncology Group (ECOG) PS and portal vein
thrombosis[35], thus modifying treatment approach according to BCLC scheme[39]. In
2014, the staging system proposed by Bolondi et al[39] was validated in an Asian
population-based study. A year later, the Japanese Society of Transcatheter Hepatic
Arterial Embolization (JSTHAE) proposed an alternative subclassification of BCLC
stage B, based only on Child-Turcotte-Pugh score and the 4-of-7 cm criterion (total of ≤
4 tumor nodule, with maximum diameter ≤ 7 cm)[40-42]. During the same year,
researchers from the Kindai University developed other substaging criteria, which
appear to perform appropriately; however, external validation is needed[43]. Another
subclassification for intermediate HCC based on the one proposed by Bolondi et al[39]
was designed by a Taiwanese group in 2015; however, it has not been validated in
Western cohorts of patients. In 2016, a study was conducted to assess whether the
ALBI grade could substitute the Child-Turcotte-Pugh score in the BCLC staging
system. Concerning the prediction of the clinical outcome of HCC, the ALBI grade
performed similarly to the Child-Turcotte-Pugh score when integrated into the BCLC
staging system[44,45]. A few months later, the ITA.LI.CA study group developed and
validated its own prognostic system, trying to overcome the shortcomings of previous
scores. In particular, 5183 Italian HCC patients (mainly hepatitis C virus infected
patients with good performance status and compensated cirrhosis) from the ITA.LI.CA
dataset were included in the analysis for internal validation, while other 2651 patients
from Taipei (mainly chronic hepatitis B virus infected patients) were recruited for
external validation to test the general application of the system. The ITA.LI.CA
prognostic system features parameters such as tumor burden (assessed via the
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Table 1 Description of main features of prognostic score systems for hepatocellular carcinoma
Score
system

Parameters taken into account

Classes/ levels

1-, 2-, 3-, or 5-yr survival rates/median survival

Ref.

BCLC

Tumor size; presence of metastasis; portal hypertension; Child
Pugh score; total bilirubin; performance status

Stage 0 (very early HCC); stage A (early HCC, 5-yr survival rates: 50%-70% for BCLC 0-A;2-yr survival rates: 63% for BCLC B; 1-yr
subdivided into A1-A4); stage B (Intermediate survival rates: 82%, 44% and 11% for BCLC B, C and D respectively
HCC); stage C (advanced HCC); stage D (endstage HCC)

Llovet et al[34],
Mazzaferro
et al[35],
Weinmann
et al[36], Barman
et al[37], Yopp
et al[38]

Okuda
staging
system

Tumor size (tumor > 50% of the liver; presence of ascites;
albumin < 3 g/dL; bilirubin > 3 mg/dL

Stage I (0 factors); stage II (1-2 factors); stage 3 1-yr survival rates: 57% for stage 1, 20% for stage 2 and 3% for stage 3 respectively
(3-4 factors)

Maida et al[18]

CLIP staging
system

Tumor size; tumor morphology (uninodular, < 50%;
multinodular, < 50%; massive or > 50%); Child-Turcotte-Pugh
score; alpha-fetoprotein levels (< or ≥ 400 ng/mL); presence of
portal vein thrombosis

One point each parameter (total score ranging 1-yr survival rates: 86% for CLIP 0, 76% for CLIP 1, 57% for CLIP 2, 38% for CLIP 3,
from 0 to 6)
22% for CLIP 4, 9% for CLIP 5 and 0% for CLIP 6 respectively; 2-yr survival rates: 69%
for CLIP 0, 53% for CLIP 1, 25% for CLIP 2, 7% for CLIP 3, 10% for CLIP 4 respectively;
3-yr survival rates: 58% for CLIP 0, 39% for CLIP 1, 15% for CLIP 2, 6% for CLIP 3, 5%
for CLIP 4

GRETCH
staging
system

Serum bilirubin; alkaline phosphatase; alpha-fetoprotein;
evidence of portal obstruction; Karnofsky score

Stage A (low risk); stage B (intermediate risk);
stage C (high risk)

Japanese
integrated
staging score

[19]

1-yr survival rates are 79%, 31% and 4% for stage A, B and C, respectively

Maida et al[18],
Cammà et al[20]

LCSGJ TNM (presence of single mass; dimension < 2 cm absence Total JIS score is the sum of LCSGJ TNM (I to
of vessel invasion); Child-Pugh score
IV are assigned 0 to 3 points) and Child
Turcotte-Pugh score (A, B or C are assigned 0,
1 or 2 points)

2-yr survival rates are 94.5%, 88.9% 78.2%, 52.7%, 30.3% and 15.3% for JIS 0 to JIS 5

Kudo et al[21]

Tokyo
scoring
system

Serum albumin; serum bilirubin; tumor size; number of nodules, Total Tokyo score is the sum of: 0 points for
each of which is attributed a score
serum albumin levels > 3.5 g/dL, serum
bilirubin levels < 1 mg/dL, tumor size < 2 cm
and ≤ 3 tumors; 1 point for serum albumin
levels 2.8-3.5 g/dL, serum; bilirubin levels 1-2
mg/dL and tumor size 2-5 cm; 2 points for
serum albumin levels < 2.8 g/dL, serum;
bilirubin levels > 2 mg/dL, tumor size > 5 cm
and > 3 tumors.

1-yr survival rates: 100% for score 0, 97.6% for score 1, 94.2% for score 2, 84.6% for score Tateishi et al[54]
3, 73.8% for score 4-6; 2-yr survival rates: 98.1% for score 0, 90.5% for score 1, 81.7% for
score 2, 70.5% for score 3, 52.4% for score 4-6; 3-yr survival rates: 96.2% for score 0,
90.5% for score 1, 63.5% for score 2, 47.4% for score 3, 33.3 % for score 4-6; 5-yr survival
rates: 52.8% for score 0, 37.3% for score 1, 27.9% for score 2, 19.2% for score 3, 16.7 % for
score 4-6

MESIAH
staging score

Tumor size; number of nodules; vascular invasion; extrahepatic
metastasis; age; serum albumin; AFP levels; MELD score

Each of the parameters is assigned a specific
coefficient.

Along with the score is provided a tailored probability of survival at 1, 3, 6, 12, 24 and
36 mo

Kinoshita et al[24],
Choi et al[25]

ALBI
grading
system

Serum bilirubin (µmol/L); serum albumin (g/L).

ALBI grade 1 corresponds to a score ≤ 2.60.ALBI grade 2 corresponds to a score > 2.60 and ≤ -1.39.ALBI grade 3 corresponds to
a score > -1.39.

In European patients, the median survivals reported in the study were 24.7 mo for
ALBI grade 1, 11.4 mo for ALBI grade 2 and 4.9 mo for ALBI grade 3.

Ogasawara
et al[26]

ALBI-based
BCLC
staging

The procedure to calculate the BCLC stage stays the same, but,
instead of Child-Turcotte-Pugh grade A, B and C, ALBI grade 1,
2 and 3 are employed respectively.

An ALBI score 1 can be present in BCLC stage 1-yr survival rates: 91.3% for ALBI- based BCLC 0, 85.8% for ALBI- based BCLC stage
0, A, B and C; ALBI score 2 can be present in
A, 72.6% for ALBI- based BCLC stage B, 32.9% for ALBI- based BCLC Stage C, 26.6%
BCLC stage A, B and C; ALBI score 3 is
for ALBI- based BCLC stage D. 2-yr survival rates: 79.7% for ALBI- based BCLC 0,
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system

related to BCLC stage D

69.2% for ALBI- based BCLC stage A, 46% for ALBI- based BCLC stage B, 14.5% for
ALBI- based BCLC Stage C, 15.1% for ALBI- based BCLC stage D. 3-yr survival rates:
71.5% for ALBI- based BCLC 0, 69.2% for ALBI- based BCLC stage A, 26.4% for ALBIbased BCLC stage B, 7.2% for ALBI- based BCLC Stage C, 15.1% for ALBI- based BCLC
stage D. 5-yr survival rates: 50% for ALBI- based BCLC 0, 30.1% for ALBI- based BCLC
stage A, 10.2% for ALBI- based BCLC stage B, 2.9% for ALBI- based BCLC Stage C, 2%
for ALBI- based BCLC stage D.

ALBI-T score

ALBI grade; LCSGJ TNM staging system

The final score, ranging from 0 to 5, is
obtained by adding the ALBI grade to the
TNM stage and then subtracting 2

The reported median survival were 137.7 mo for ALBI-T score 0, 83.2 mo for ALBI-T
Hiraoka et al[27]
score 1, 53.4 mo for ALBI-T score 2, 27.4 mo for ALBI-T score 3, 5 mo for ALBI-T score 4
and 1.4 mo for ALBI-T score 5

MESH
scoring
system

Tumor burden (within/beyond Milan criteria); vascular
invasion; metastasis; Child-Pugh score; Performance Status;
serum AFP; ALP

The sum of the points obtained in the various
sections leads to the final MESH score
(ranging from 0 to 6).

1-yr survival rates: 89.5% for MESH 0, 82.5% for MESH 1, 74% for MESH 2, 45.2% for
MESH 3, 21.4% for MESH 4, 5.7% for MESH 5, 0% for MESH 6; 2-yr survival rates:
72.9% for MESH 0, 52.8% for MESH 1, 74% for MESH 2, 49.4% for MESH 3, 12.8% for
MESH 4, 3.7% for MESH 5; 3-yr survival rates: 53.3% for MESH 0, 52.8% for MESH 1,
36% for MESH 2, 14.8% for MESH 3, 8.2% for MESH 4, 1.4% for MESH 5; 5-yr survival
rates: 38.6% for MESH 0, 28% for MESH 1, 14.9% for MESH 2, 5.1% for MESH 3, 3.5%
for MESH 4, 0% for MESH 5

Liu et al[28]

NIACE score
system

Number of nodules (N); infiltrative HCC (I); serum AFP levels
(A); Child-Turcotte-Pugh grade (C); ECOG PS (E)

The sum of the points obtained in the various
sections leads to the final NIACE score
(ranging from 0 to 7).

The reported median survivals are 44 mo for NIACE 0, 22 mo for NIACE 1, 20 mo for
NIACE 1.5, 14 mo for NIACE 2.5, 9 mo for NIACE 3, 7 mo for NIACE 4, 4 mo for
NIACE 4.5, 4 mo for NIACE 5.5, 3 mo for NIACE 6 and 3 mo for NIACE 7

Adhoute et al[29]

ITA.LI.CA
score system

Tumor burden (assessed via the ITA.LI.CA tumor staging);
performance status test; Child-Pugh score; AFP concentration

Each is assigned an amount of points that
finally contribute to the total prognostic score
(from 0, best prognosis, to 13, worst
prognosis)

The median survival was reported to be 61 mo for patients in quartile 1 (ITA.LI.CA
score ≤ 1), 38 mo for patients in quartile 2 (ITA.LI.CA score 2-3), 23 mo for patients in
quartile 3 (ITA.LI.CA score 4-5) and 8 mo for patients in quartile 4 (ITA.LI.CA score >
5)

Farinati et al[46],
Yoo et al[47],
Borzio et al[48]

NSP scoring
system

Tumor number (N); tumor size (S); prothrombin time (P)

The sum of the points obtained in the various
sections leads to the final NSP score. Using a
threshold score of 1 allows to identify 2
subgroups with different prognosis

1-yr survival rates are 88.4% for NSP ≤ 1 and 62.7% for NSP > 1; 3-yr survival rates are
57% for NSP ≤ 1 and 16.9% for NSP > 1; 5-yr survival rates are 30.2% for NSP ≤ 1 and
20.4% for NSP > 1

Zhang et al[30]

HAP scoring
system

Serum levels of albumin; serum AFP; bilirubin; maximum tumor
diameter; 1 point is assigned for serum albumin levels < 3.6
g/dL, serum AFP > 400 ng/dL, serum bilirubin > 0.99 mg/dL
(17 mmol/L) and for a maximum tumor diameter > 7 cm

HAP A (low risk) for a total score 0, -HAP B
(intermediate risk) for a total score 1; HAP C
(high risk) for a total score 2; HAP D (very
high risk) for a total score > 2

1-yr survival rates: 64.7% for HAP A, 50% for HAP B, 38.5% for HAP C, 25% for HAP
D; 2-yr survival rates: 17.6% for HAP A. 10.3% for HAP B, 10.3% for HAP C, 10% for
HAP D

Kadalayil et al[31]

STATE
scoring
system and
START
strategy

Up-to-7 criteria; serum albumin level; C reactive protein values.
A neoplasia within Up-to-7 criteria is assigned 0 points, while a
neoplasia beyond the criteria subtracts 12 points.C reactive
protein values < 1 mg/dL are attributed 0 points, whereas
values ≥ 1 mg/dL subtract 12 points

2 groups of patients presenting different
prognosis were identified: STATE score < 18
and ≥ 18

Median survival of 20.5 mo for patients with a STATE score ≥ 18. Median survival of
6.1 mo for patients with a score < 18

Hucke et al[32]

SNACOR
staging
system

Tumor size (S); tumor number (N); baseline AFP (A); ChildTurcotte-Pugh class (C); objective radiological response (OR).
No points are assigned for tumors < 5 cm, a number of tumors <
4, a baseline AFP < 400 ng/mL, a Child-Turcotte-Pugh class A
and for complete response or partial response after TACE. 1
point is assigned for tumors ≥ 5 cm and for a Child-TurcottePugh class B; 2 points are assigned for a number of tumors ≥ 4; 3
points are assigned for a baseline AFP ≥ 400 ng/ml and for
stable disease or progressive disease after TACE

The final SNACOR score is the sum of the
points obtained for the previous features and
ranges from 0 to 10

1-yr survival rates: 80.9% for SNACOR 0-2, 69.4% for SNACOR 3-6, 40% for SNACOR
7-10; 2-yr survival rates: 55.3% for SNACOR 0-2, 38.9% for SNACOR 3-6, 20% for
SNACOR 7-10; 3-yr survival rates: 42.6% for SNACOR 0-2, 26.4% for SNACOR 3-6,
6.7% for SNACOR 7-10; 5-yr survival rates: 24.5% for SNACOR 0-2, 16%% for
SNACOR 3-6, 3.3% for SNACOR 7-10

Mähringer-Kunz
et al[33]
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AFP: Alpha-fetoprotein; ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; CLIP: Cancer of the Liver Italian Program; ECGO: Eastern Cooperative Oncology Group; GRETCH: Groupe d’Etude et de Traitement du Carcinome
Hépatocellulaire; HAP: Hepatoma arterial-embolization; HCC: Hepatocellular carcinoma; HKLC: Hong Kong Liver Cancer; ITA.LI.CA: Italian Liver Cancer; JIS: Japanese Integrated Staging; LCSGJ: Liver Cancer Study Group of Japan;
MELD: Model for End-Stage Liver Disease; MESH: Model to estimate survival for hepatocellular carcinoma patients; MESIAH: Model to Estimate Survival in Ambulatory hepatocellular carcinoma patients; NSP: Needle and syringe
programmes; SNACOR: Tumour size and number, baseline alpha-fetoprotein, Child-Pugh and objective radiological response; STATE: Selection for Transarterial chemoembolization Treatment; TACE: Transarterial chemoembolization;
TNM: Tumor-node-metastasis.

ITA.LI.CA tumor staging), performance status test, Child-Turcotte-Pugh score and
AFP concentration, and each is assigned a number of points that finally contribute to
the total prognostic score (from 0, best prognosis, to 13, worst prognosis). The
ITA.LI.CA tumor staging system, taking into account features such as the diameter of
the largest nodule, the number of nodules, vascular invasion or metastasis, classifies
patients in stages: 0 (very early), A (early), B (intermediate, divided into B1, B2, and
B3) and C (advanced). The median survival was reported to be 61 mo for patients with
ITA.LI.CA score ≤ 1, 38 mo for patients with ITA.LI.CA scores 2-3, 23 mo for patients
with scores 4-5 and 8 mo for patients with more than 5 points. In the validation
cohorts, the ITA.LI.CA score proved to have the best discriminatory ability among
other staging systems such as BCLC, CLIP, JIS, HKLC, and MESIAH[46]. Compared to
the BCLC classification, the ITA.LI.CA prognostic system allows a more thorough
analysis of tumor burden, subclassifying intermediate patients into three groups (B1,
B2, B3) rather than grouping them as stage B. Furthermore, the ITA.LI.CA prognostic
system differentiates patients with intrahepatic or extrahepatic metastasis, who studies
proved to have different prognosis[47]. Finally, external and independent validation
studies proved ITA.LI.CA to offer the best predictive ability in terms of calibration,
discriminatory ability, and monotonicity of gradients in both treated and untreated
patients[13,48].

MATERIALS AND METHODS
A total of 140 patients diagnosed with HCC and treated at our Liver Clinic (University
Hospital of Trieste) between February 2006 and November 2017, were retrospectively
enrolled. Follow-up was censored on June 30, 2018. The following variables were
analyzed before the first active treatment: Gender, age, etiology of liver disease,
presence of portal vein thrombosis and ascites, Child-Turcotte-Pugh classification,
Model for End-Stage Liver Disease score, Karnofsky score, and ECOG PS score.
Laboratory tests conducted featured serum levels of albumin, total and direct
bilirubin, aspartate aminotransferase and alanine aminotransferase, alkaline
phosphatase, gamma-glutamyl transferase, total proteins, creatinine, hemoglobin,
sodium, potassium, white blood cells, red blood cells, platelets, international
normalized ratio and activated partial thromboplastin time. The diagnosis of HCC was
based on typical imaging features of HCC in computed tomography or magnetic
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resonance imaging. Liver biopsy was the technique of choice for diagnosing in case
previous imaging studies did not allow diagnostic certainty. Imaging was further
employed to obtain information on the number of lesions, tumor diameter, presence of
metastasis, and Milan and up-to-7 criteria fulfillment. Depending on their
characteristics, patients underwent different therapeutic procedures: Surgical
resection, radiofrequency ablation, transarterial chemoembolization (TACE), systemic
therapy (sorafenib), or supportive care. Patients were then classified according to
different prognostic systems, namely ITA.LI.CA, BCLC (and its subclassifications),
CLIP, JIS, HKLC, Tokyo score, Okuda, GRETCH, NIACE, MESH, ALBI (and scores
derived from it), HAP, STATE, SNACOR, NSP.
Continuous variables were reported as median (interquartile range) according to the
results of the Shapiro-Wilk test. Discrete variables were reported as number
(percentage). Between-group comparisons of discrete variables were per- formed
using Pearson’s Chi-square test and those of continuous variables using MannWhitney U test. The overall survival was defined as the time from the date of
diagnosis of HCC to the date of death or data censoring (June 30, 2018). Kaplan-Meier
survival curves were employed to estimate the median overall survival, and the logrank test was used to compare differences in survival. All statistical analyses were
performed using SPSS version 20 (IBM Corp., Armonk, NY, United States).

RESULTS
Patients’ clinical, laboratory, radiological characteristics and treatment choice are
summarized in Table 2. The median overall survival was 35 (17; 67) mo, and it was
statistically different in relation to treatment choice, ultrasound surveillance and
serum AFP (Table 2).
Using the ITA.LI.CA prognostic system, 28.6%, 40.7%, 22.1% and 8.6% of patients
fell within stages 0-1, 2-3, 4-5 and > 5 respectively. The median survival was 57.9 mo
for stages 0-1, 43 mo for stages 2-3, 21.7 mo for stages 4-5 and 10, 4 mo for stage > 5. 1-,
3-, and 5-year survival rates were 95%, 65% and 20% for stage 0-1, 94.7%, 43.9% and
26.3% for stage 2-3, 71%, 25.8% and 16.1% for stage 4-5 and 50%, 16.7% and 8.3% for
stage >5. The Kaplan-Meier curves are shown in Figure 1.
Using the BCLC staging system 10.7%, 59.3%, 27.1%, 1.4% and 0% of patients fell
within stages 0, A, B, C and D respectively. The median survival was > 81, 1 mo for
stage 0, 44, 9 mo for stage A, 21, 3 mo for stage B and 3, 1 mo for stage C. 1-, 3-, and 5year survival rates were 86.7%, 60% and 46.7% for stage 0, 91.6%, 50.6% and 20,5% for
stage A, 73.7%, 23.7% and 13.2% for stage B and 2%, 0% and 0% for stage C. The
Kaplan-Meier curves are shown in Figure 2.
With BCLC stage A substaging 29 (35%), 25 (30.1%), 5 (6%) and 24 (28.9%) patients
fell within stages A1, A2, A3, and A4 respectively. The median survival, 1-, 3-, and 5year survival rates are shown in Table 3, while Kaplan-Meier curves are shown in
Figure 3A. With Bolondi’s intermediate BCLC subclassification, 13 (34.2%), 19 (50%), 3
(7.9%), and 3 (7.9%) patients fell within stages B1, B2, B3, and B4 respectively. The
median survival 1-, 3-, and 5-year survival rates are listed in Table 3, while the KaplanMeier curves are shown in Figure 3B.
Median survivals within different stages and 1-, 3- or 5-year survivals for CLIP
scoring system, JIS scoring system, HKLC scoring system, Okuda classification,
GRETCH scoring system, NIACE scoring system, MESH scoring system, ALBI score,
STATE scoring system, SNACOR staging system, NSP staging system are listed in
Table 3. The best prognostic performance was achieved by the ITA.LI.CA score (P <
0.001), followed by HKLC, GRETCH, BCLC and CLIP (P = 0.001); the other showed
less accuracy, with STATE and SNACOR staging systems showing no intergroup
differences (P = 0.322 and P = 0.09 respectively). Also, the comparison between the
median survival expected from the original studies and median survival in the study
population according to the different scores is also shown in Table 3.

DISCUSSION
The main aim of this study was to assess the prognostic efficacy of different staging
systems in the local patient population. Fifteen staging systems were analyzed and
subsequently compared to data available from the current literature, showing
considerably heterogeneous performances ranging from significant prognostic
stratification and comparable median survivals to statistical insignificance and
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Table 2 Demographic and biochemical factors, liver function, features of hepatocellular carcinoma nodules, treatments and prognosis
of our study cohort
Feature of interest

Study population, n = 140

Intergroup statistical significance

Gender
Male

109 (77.9%)

Female

31 (22.1%)

Age at diagnosis, yr

71.6 (65.6; 75.6)

Liver disease etiology
Viral

36 (25.7%)

Alcoholic

30 (21.4%)

Metabolic

19 (13.6%)

Mixed

55 (39.3%)

Laboratory parameters at diagnosis
Albumin, g/dL

1.12 (0.94-2.23)

INR

1.12 (0.94-2.23)

Total bilirubin, mg/dL

1.06 (0.37-14.47)

AST, UI/L

41 (11-511)

ALT, UI/L

32 (7-336)

ALP, UI/L

99 (40-529)

GGT, UI/L

69 (11-473)

Total serum proteins, g/dL

7.3 (5.1-8.9)

AFP, ng/mL

9.3 (5-110)

Creatinine, mg/dL

0.89 (0.5-2.99)
3

White blood cells, × 10 cells/µL
6

5.04 (1.51-12.18)

Red blood cells, × 10 cells/µL

4.34 (2.85-6.78)

Hemoglobin, g/dL

13.5 (8.7-17.8)

Platelets, × 103platelets/µL

113 (29-346)

Sodium, mmol/L

139 (128-145)

Potassium, mmol/L

4.24 (3.40-6.15)

Clinical characteristics at diagnosis
Ascites

11 (7.9%)

Portal hypertension

64 (45.7%)

Hepatic encephalopathy

10 (7.1%)

Portal vein thrombosis

10 (7.1%)

Metastasis

2 (2.4%)

Child-Turcotte-Pugh
Class A

116 (82.9%)

Class B

22 (15.7%)

Class C

2 (1.4%)

MELD score

9 (6-25)

Karnofsky score
100

136 (97.1%)

90

3 (2.1%)
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80

0 (0%)

70

1 (0.7%)

< 70

0 (0%)

ECOG PS
0

137 (97.9%)

1

3 (2.1%)

>1

0 (0%)

Number of nodules at diagnosis
1

91 (65%)

2

31 (22.1%)

3

7 (5%)

4

5 (3.6%)

5

6 (4.3%)

Nodule dimensions
Nodule diameter, mm

30 (20; 40)

Total tumor volume, cm3

14.13 (5.45-36.43)

Milan criteria
Within

99 (71.2%)

Beyond

40 (28.8%)

Up-to-7 criteria
Within

113 (81.3%)

Beyond

26 (18.7%)

Treatment
Type
Surgical resection

28 (20%)

Local ablation

49 (35%)

TACE

54 (38.6%)

Sorafenib

2 (1.4%)

Support

7 (5%)

Number
<2

63 (45%)

≥2

77 (55%)

Response at 1 mo after treatment
Complete response

72 (51.4%)

Of whom treated with curative treatment

56 (77.7%)

Partial response

40 (28.6%)

Of whom treated with curative treatment

17 (42.5%)

Stable disease

14 (10%)

Of whom treated with curative treatment

1 (7.1%)

Disease progression

10 (10%)

Of whom treated with curative treatment

1 (10%)

Ultrasound surveillance every 6 mo
Adhesion to ultrasound surveillance
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Under surveillance

81 (57.9%)

Not under surveillance

59 (42.1%)

Nodule diameter, mm

P < 0.001

Under surveillance

25 (20; 35)

Not under surveillance

34 (25; 45)

Number of nodules at diagnosis

P < 0.001

Under surveillance, < 2 nodules

69 (85.2%)

Not under surveillance, < 2 nodules

22 (37.3%)

Choice of curative treatment

P = 0.037

Under surveillance

54 (66.6%)

Not under surveillance

29 (49.2%)

Survival time, mo
Overall survival

35 (17;67)

Survival related to gender

NS

Male

34 (20; 80)

Female

35 (16; 64)

Survival related to etiology

NS

Viral

32 (15; 65)

Non-viral

41 (19; 67)

Survival related to treatment choice

P = 0.013

Curative (surgery/ablation)

48 (18; 68)

Non-curative (TACE/sorafenib/support)

23 (14; 34)

Survival related to ultrasound surveillance

P = 0.002

Under surveillance

48 (20; 75)

Not under surveillance

30 (12; 49)

Survival related to AFP

P < 0.001

AFP ≤ 200 ng/mL

55 (34; 75)

AFP > 200 ng/mL

22 (12; 54)

AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ECGO: Eastern Cooperative
Oncology Group; GGT: Gamma glutaryl transferase; INR: International normalized ratio; MELD: Model for End-Stage Liver Disease; TACE: Transarterial
chemoembolization.

differences in overall survival. The most relevant differences were found for the BCLC,
CLIP, JIS, HKLC, Okuda, and GRETCH staging systems and for the ALBI grade, as
reported in Table 3.
Despite the unequivocal statistical significance in prognostic stratification of the
CLIP and GRETCH staging systems in the study population, the original studies
reported substantially shorter survival for almost every stage, although they were
validated in European cohorts. However, the reason behind this difference might be
related to the advances in treatment for HCC that took place over time since the 1992
and 1994, when the studies were censored. Despite being statistically significant in the
study population, the original studies for the Okuda, JIS, and HKLC staging systems
reported notably different median overall survival rates. In this case, although the JIS
staging system was proven effective by some studies also for Western patients, the
explanation is likely to be found in the patient population recruited for the analysis,
since validation was performed using only Eastern cohorts along with other factors
such as prevalent etiology and different treatment protocols. Moreover, the worse
median survival from the original study for the Okuda staging system can be justified
by the higher efficacy that therapeutic procedures have reached since 1984. The shorter
median survival of patients from the ALBI original study can be explained by the
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Table 3 Patients’ allocation and their median survival according to prognostic scores taken into account
Number of
patients

Score

Percentage

Median survival in
mo

ITA.LI.CA

Statistical significance for
prognostic stratification

Median survival in
the original study in
mo

P < 0.001

0

7

5%

93.5

1

33

23.6%

57.9

2

19

13.6%

63.1

3

38

27.1%

40.6

4

20

14.3%

25.2

5

11

7.8%

21.1

6

5

3.6%

20.8

7

4

2.9%

10.3

8

3

2.1%

4.3

>8

0

0%

0-1

40

28.6%

57.9

57-61

2-3

57

40.7%

43

43-48

4-5

31

22.1%

21.7

23

>5

12

8.6%

10.4

9-8

ITA.LI.CA

BCLC

P = 0.001

0

15

10.7%

> 81.1

> 60

A

83

59.3%

44.9

> 60

B

38

27.1%

21.3

20

C

2

1.4%

3.1

11

D

0

0%

<3

BCLC A

P = 0.022

A1

29

20.7%

61.9

43.4

A2

25

17.6%

44.3

28.9

A3

5

3.5%

10.7

25.4

A4

24

17.1%

34.4

22.3

BCLC B (Bolondi)

P = 0.007

B1

13

9.3%

34.7

31.9

B2

19

15.7%

25.2

26.9

B3

3

0.7%

10.4

13.5

B4

3

1.4%

7.8

10.9

CLIP

P = 0.001

32

0

59

42.1%

50.7

27

1

47

33.6%

53.3

15

2

19

13.6%

20.5

9

3

12

8.6%

17.8

7

4

3

2.1%

3.1

5

>4

0

0%

WJH

https://www.wjgnet.com

3

1249

December 27, 2020

Volume 12

Issue 12

Campigotto M et al. HCC in North-East Italy

JIS

P = 0.049

0

27

19.3%

70.8

22.6

1

66

47.1%

44.3

22

2

40

28.6%

42

20.6

3

7

5%

10.4

16.9

4-5

0

0%

12.1-5.9

HKLC

P < 0.001

1

93

67.4%

47

79.7

2a

10

7.3%

19

33.4

2b

18

13%

34.7

32.7

3a

5

3.6%

10.4

12.5

3b

10

7.3%

20.8

5.5

4a

1

0.7%

17.8

3.9

4b

1

0.7%

3.1

1.9

5 (a/b)

0

0%

32.5/1.6

Tokyo

P = 0.002

0

10

7.1%

93.5

1

48

34.3%

47

2

41

29.3%

43.6

3

21

15%

30.3

4

14

10%

20.8

5

4

2.9%

10.4

6

1

0.7%

10.3

7

0

0%

8

1

0.7%

0.8

Okuda

P = 0.026

1

102

72.9%

45.5

15.8

2

36

25.7%

20.5

3.6

3

2

1.4%

0.8

1.3

GRETCH

P < 0.001

A

75

53.6 %

57.6

29.3

B

62

44.3 %

30

7.4

C

3

2.1 %

7.8

2.1

NIACE

P = 0.001

0

77

55 %

45.7

44

1

10

7.1 %

43

22

1.5

39

27.9 %

21.7

20

2.5

5

3.6 %

10.4

14

3

6

4.3 %

16.5

9

4

3

2.1 %

3.1

7

>4

0

0%

4

MESH

P < 0.001

0

40
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1

46

32.9 %

43

37

2

30

21.4 %

19.5

21

3

19

13.6 %

20.8

10

4

5

3.5 %

10.4

5

>4

0

0%

4

ALBI

P = 0.008

1

43

31.9 %

79.2

24.7

2

87

64.4 %

34.7

11.4

3

5

3.7 %

15.7

4.9

ALBI

P = 0.008

2a

53

39.2 %

44.3

14.5

2b

34

25.2 %

25.2

6.6

BCLC based on ALBI

P = 0.048

0

15

10.9 %

> 81.1

A

75

54.3 %

44.9

B

20

14.5 %

22.2

C

1

0.7 %

3.1

D

27

19.6 %

21.7

ALBI-T

P = 0.002

0

12

9%

93.5

137.7

1

42

31.6 %

63.1

83.2

2

49

36.8 %

42

53.4

3

28

21.1 %

21.3

27.4

4

2

1.5 %

0.8

5

5

0

0%

1.4

HAP

P = 0.004

A

31

22.2 %

45.7

25.5

B

51

36.4 %

45.7

18.1

C

41

29.3 %

35.7

8.9

D

17

12.1 %

20.6

5.9

STATE

P = 0.322

> 37

8

5.7 %

25.2

27-37

17

12.1 %

40.6

18-27

16

11.4 %

44.9

< 18

13

9.3 %

20

Median STATE score

29.1 (range: 2.4 –
45.6)

20.5 (≥ 18 points)

6.1

SNACOR

P = 0.09

0-2

31

22.1 %

25.2

31.5

3-6

17

12.1 %

19

19.9

7-10

1

0.7 %

10.3

9.2

NSP

P = 0.03

0

63
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1

49

35 %

42

2

11

7.9 %

14.9

3

10

7.1 %

20

4

4

2.9 %

22.2

5

3

2.1 %

5.6

NSP

P = 0.002

0-1

13

9.3 %

47

51.5

>1

25

17.9 %

20.5

17.3

Comparison with data in original studies which available. NS: Not significant. ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; CLIP:
Cancer of the Liver Italian Program; GRETCH: Groupe d’Etude et de Traitement du Carcinome Hépatocellulaire; HAP: Hepatoma arterial embolization;
HKLC: Hong Kong Liver Cancer; ITA.LI.CA: Italian Liver Cancer; JIS: Japanese Integrated Staging; MESH: Model to estimate survival for hepatocellular
carcinoma patients; NSP: Needle and syringe programme; SNACOR: Tumor size and number, baseline alpha-fetoprotein, Child-Pugh and objective
radiological response; STATE: Selection for Transarterial chemoembolization treatment.

Figure 1 Kaplan-Meier curve for Italian Liver Cancer prognostic score system. P < 0.001. ITA.LI.CA: Italian Liver Cancer.

Figure 2 Kaplan-Meier curve for Barcelona Clinic Liver Cancer prognostic score system. P = 0.001. BCLC: Barcelona Clinic Liver Cancer.

European population employed as the reference, for all the patients had advanced
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Figure 3 Kaplan-Meier curves. A: Kaplan-Meier curves for Barcelona Clinic Liver Cancer (BCLC) A subclasses. P = 0.022; B (right side): Kaplan-Meier curves
according to Bolondi’s intermediate BCLC subclassification. P = 0.007. BCLC: Barcelona Clinic Liver Cancer.

HCC and were treated with sorafenib. Furthermore, if the study population’s median
survivals are compared with those of the Japanese population of the study, that also
included patients who underwent surgical resection, the differences appear much less
significant. Despite the difference in survival, however, the ALBI grade showed
statistical significance in the study population.
The median survival from the BCLC staging system clearly differs for stages A (and
BCLC stage A subclassification) and C in the study population. The difference in
survival for stage A might be explained with the heterogeneity in treatment that these
patients received in the study population, while the reason for the difference in stage C
is to be found in the low number of patients falling within this category in the study
population. Nevertheless, BCLC stage B showed similar survivals, and so happened
also for the BCLC intermediate subclassification according to Bolondi. The BCLC
staging system, BCLC stage A subclassification and Bolondi’s BCLC B substaging all
resulted statistically significant.
The NIACE staging systems presented median survivals similar to the validation
study, and similarly, the MESH staging system presented median survivals
comparable to those of the original study, except for stages with lower numbers of
patients.
Among all of the staging systems, not only did the ITA.LI.CA show one of the
highest statistical significance (P < 0.001) for prognostic stratification of the patients,
but it also showed almost complete correspondence of median overall survivals for all
different stages. Only patients in stage > 5 showed a median survival 2 mo longer than
that of the original study (10.4 vs 8.9 mo), probably related to the relatively low
numerosity of patients in this stage (12 patients, 8.6%). This study further supports the
external validation process for the ITA.LI.CA prognostic system in Western patients
affected by HCC[48].
The study also assessed the prognostic performance of scoring systems related to
treatment. The median survivals of all three scoring systems (STATE, SNACOR, NSP)
in the study population were similar to those of the original studies, but only the NSP
system reached inter-group statistical significance.
As could be expected, the median overall survival of patients undergoing
ultrasound surveillance every 6 mo was longer than those of patients who were not
followed (48 vs 30 mo), attributable to an early detection of HCC nodules. In fact, as
shown in Table 2, patients undergoing ultrasound surveillance had smaller nodule
diameter (25 vs 34 mm, P < 0.001) and showed lower prevalence of 32 nodules at
diagnosis. Also, patients with AFP > 200 ng/mL showed reduced survival if compared
to patients with lower AFP levels (22 vs 55 mo, P < 0.001).
In terms of the treatment regimen, median overall survival was 48 (20; 75) mo for
curative (surgery/ablation) treatment and 23 (14; 34) mo for non-curative
(TACE/sorafenib/support) treatment. Further analyses were carried out assessing the
difference in survival of patients who did and did not receive the treatment
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recommended for their stage by the BCLC staging system.For patients treated with
surgical resection or TACE, there was no significant difference in survival between the
two groups, proving that the BCLC score does not affect the overall survival for the
same type of therapy. As could be expected, patients with BCLC stage A who
underwent curative treatment (as recommended by the BCLC staging system)
presented a significantly better survival compared to those who did not, but at the
same time patients with BCLC stage B showed a benefit from curative treatment (not
recommended by the BCLC staging system) compared to those who underwent TACE
(as recommended), with a median survival of 34.7 mo instead of 22.2 mo. Therefore,
the rigorous application of treatment recommendations for each BCLC stage, may
shorten patients’ survival. In fact, treatment choices based on the sub-classification of
the BCLC stage B can furtherly stratify patients and provide the most suitable
treatment[49-53].

CONCLUSION
In conclusion, the study identified the ITA.LI.CA as the most effective staging system
in the local population. In addition, the ITA.LI.CA does not propose a treatment
algorithm, as opposed to other staging systems such as the BCLC, since numerous
variables influence treatment choice, and the use of rigid and categorical flowcharts
may not always guarantee the most suitable therapy, as partly shown also in this
study. ITA.LI.CA seems a promising prognostic score system with a good applicability
and reproducibility for patients with HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma represents the most common primitive liver malignancy.

Research motivation
Currently there is a widespread lack of agreement on staging systems, prognostic
scores and treatment allocation algorithms.

Research objectives
Define the prognostic ability of fifteen different prognostic scores.

Research methods
Retrospective study, 10-year enrollment of patients.

Research results
With the Italian Liver Cancer (ITA.LI.CA) prognostic system 28.6%, 40.7%, 22.1% and
8.6% of patients fell within stages 0-1, 2-3, 4-5 and > 5 respectively. The median
survival was 57.9 mo for stages 0-1, 43 mo for stages 2-3, 21.7 mo for stages 4-5 and
10.4 mo for stage > 5. 1-, 3-, and 5-year survival rates were 95%, 65% and 20% for
stages 0-1, 94.7%, 43.9% and 26.3% for stages 2-3, 71%, 25.8% and 16.1% for stages 4-5
and 50%, 16.7% and 8.3% for stage > 5.

Research conclusions
The median overall survival of the cohort of patients was 35 (17; 67) mo, and it was
statistically different in relation to treatment choice, ultrasound surveillance and
serum AFP.

Research perspectives
External validation to the ITA.LI.CA staging system.
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Abstract
BACKGROUND
Many studies have investigated the progression of nonalcoholic fatty liver disease
(NAFLD) and its predisposing risk factors, but the conclusions from these studies
have been conflicting. More challenging is the fact that no effective treatment is
currently available for NAFLD.
AIM
To determine the effects of proprotein convertase subtilisin/kexin type-9 (PCSK9)
inhibitors on fatty infiltration of the liver.
METHODS
This retrospective, chart review-based study was conducted on patients, 18-yearold and above, who were currently on PCSK9 inhibitor drug therapy. Patients
were excluded from the study according to missing pre- or post-treatment
imaging or laboratory values, presence of cirrhosis or rhabdomyolysis, or
development of acute liver injury during the PCSK9 inhibitor treatment period;
the latter being due to false elevation of liver function markers, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST). Radiographic
improvement was assessed by a single radiologist, who read both the pre- and
post-treatment images to minimize reading bias. Fatty infiltration of the liver was
also assessed by changes in ALT and AST, with pre- and post-treatment levels
compared by paired t-test (alpha criterion: 0.05).
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RESULTS
Of the 29 patients included in the study, 8 were male (27.6%) and 21 were female
(72.4%). Essential hypertension was present in 25 (86.2%) of the patients, diabetes
mellitus in 18 (62.1%) and obesity in 15 (51.7%). In all, patients were on PCSK9
inhibitors for a mean duration of 23.69 ± 11.18 mo until the most recent ALT and
AST measures were obtained. Of the 11 patients who received the radiologic
diagnosis of hepatic steatosis, 8 (72.73%) achieved complete radiologic resolution
upon use of PCSK9 inhibitors (mean duration of 17.6 mo). On average, the ALT
level (IU/L) decreased from 21.83 ± 11.89 at pretreatment to 17.69 ± 8.00 at posttreatment (2-tailed P = 0.042) and AST level (IU/L) decreased from 22.48 ± 9.00
pretreatment to 20.59 ± 5.47 post-treatment (2-tailed P = 0.201).
CONCLUSION
PCSK9 inhibitors can slow down or even completely resolve NAFLD.
Key Words: Proprotein convertase subtilisin/kexin type-9 inhibitor; Fatty liver;
Nonalcoholic fatty liver disease; Alanine aminotransferase; Aspartate aminotransferase;
Imaging
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study evaluated the effects of proprotein convertase
subtilisin/kexin type-9 (PCSK9) inhibitors on fatty infiltration of the liver. Among the
29 selected patients, 11 were found to have radiologic diagnosis of hepatic steatosis
and 8 of those (72.73%) achieved complete radiologic resolution of the condition upon
use of PCSK9 inhibitors for mean duration of 17.6 mo. Both alanine aminotransferase
and aspartate aminotransferase levels showed a downward trend after PCSK9
inhibitors for mean duration of 23.69 ± 11.18 mo. These results highlight the potential
benefit of PCSK9 inhibitors use for patients with nonalcoholic fatty liver disease.

Citation: Shafiq M, Walmann T, Nutalapati V, Gibson C, Zafar Y. Effects of proprotein
convertase subtilisin/kexin type-9 inhibitors on fatty liver. World J Hepatol 2020; 12(12): 12581167
URL: https://www.wjgnet.com/1948-5182/full/v12/i12/1258.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i12.1258

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a spectrum of fatty infiltration of the liver
and is considered the most common chronic liver disease in the world[1]. Cases range
from nonalcoholic fatty liver-a relatively benign condition-to nonalcoholic
steatohepatitis (commonly known as NASH), which can eventually lead to the lifethreatening condition of cirrhosis[1-3]. The continually increasing prevalence of NAFLD
and numbers of cases progressing to cirrhosis, itself a major co-morbidity and
emerging public health concern[4], have prompted many researchers to investigate the
underlying mechanisms of NAFLD progression and the pre-disposing risk factors of
such[3,5-7]. However, the conclusions from these studies have been conflicting. Even
more challenging is the fact that there is currently no effective treatment available for
NAFLD.
As some recent studies have implicated increased proprotein convertase
subtilisin/kexin type-9 (PCSK9) synthesis and release in the pathogenic process of
NAFLD[8,9], we hypothesized that PCSK9 inhibition could lead to improvement in fatty
infiltration of the liver. Thus, the aim of this study was to assess improvement in fatty
infiltration of the liver among patients on PCSK9 inhibitor drug therapy.
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MATERIALS AND METHODS
Study design
This study was designed as a retrospective, chart-based review. After approval from
the hospital’s Institutional Review Board, the database of the study site was searched
for patients who were over 18 years in age and had received PCSK9 inhibitors anytime
from January of 2015 until July of 2019.

Exclusion criteria
Patient records were excluded from the study according to: Missing pre- or posttreatment imaging; missing pre- or post-treatment laboratory values; diagnosis of
cirrhosis, to avoid confounding by the inherently low alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels; signs of rhabdomyolysis that had
developed any time during the PCSK9 inhibitor therapy, to avoid confounding by the
inherently elevated ALT and AST; or presence of acute liver injury due to known
cause, not thought to be related to PCSK9 inhibitor. For example, ‘Female B’ was
started on PCSK9 inhibitors in February of 2018, and at that time showed ALT of 100
U/L and AST of 90 U/L. She experienced septic shock in May of 2018, due to
pneumonia, and subsequent ischemic hepatitis (“shock liver”) with ALT of 3000 U/L
and AST of 1850 U/L. Her case could not be regarded as “no improvement” or even of
“worsening”, since a separate injury increased the levels of liver function enzymes.

Outcomes
Radiologic resolution of hepatic steatosis was the primary outcome, and improvement
in liver biomarkers was the secondary outcome.
Radiologic resolution: Liver imaging scans [computed tomography (CT) scan,
ultrasound (US)] that had been performed before the start of PCSK9 inhibitor therapy
were compared with the most recent imaging scans, that had been performed at least 3
mo after the start of the PCSK9 inhibitor therapy. In order to minimize the
confounding factors, a single radiologist worked independently to read the scans from
before and after treatment. Where possible, attempts were made to compare CT scan
with CT scan (or US to US scan), if both had been performed at the pre- and posttreatment times. Hepatic steatosis was defined by the following[10,11]: (1) ≤ 40
Hounsfield units (HU) on a non-contrast CT scan or during phase when the liver was
not contrast-enhanced, such as a chest CT in the very early phase of contrast; (2) < 70
HU during portal venous phase image; and (3) Increased echogenicity on US of the
liver parenchyma compared to the kidney, with loss of normal periportal echogenicity.
Liver biomarkers’ improvement: ALT and AST were used as the biomarkers to assess
improvement of fatty infiltration of the liver, as ALT and AST can be elevated in fatty
liver. Pretreatment levels of ALT and AST were compared with those measured posttreatment (at least 3 mo after the start of PCSK9 inhibitor therapy). The most recent
ALT and AST measures obtained after the initiation of PCSK9 inhibitors were
considered post-treatment values. For example, “Male A” had been started on PCSK9
inhibitors in January of 2015. Liver function tests were conducted during the treatment
period (no interruptions in drug therapy), first in June of 2015 and then in January of
2016. For the study, the ALT and AST levels measured in January of 2016 were taken
as the post-treatment levels since they were the most recent.

Data analysis
PCSK9 inhibitor use is currently low, due to its few indications as well as its cost. On
top of that, selecting patients based on the strict selection criteria (in an attempt to
minimize the influence of confounding factors) led to an anticipated small sample size.
Radiologic improvement was reported in the form of descriptive data. Improvement in
ALT and AST was assessed through paired t-test, with alpha criterion of 0.05.

RESULTS
Based on the strict selection criteria (in order to minimize confounders), 29 patients
were included in this study.
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Patient characteristics
The patient characteristics of the overall study population are summarized in Table 1.
The majority of patients (n = 20; 68.96%) were started on PCSK9 inhibitors due to statin
intolerance and need for lipid control, in particular lowering low-density lipoprotein
(LDL) level. Six patients (20.68%) were able to tolerate their statin treatment but never
achieved adequate control of their LDL levels, and therefore were started on PCSK9
inhibitors. No specific reason could be found for the initiation of PCSK9 inhibitors for
the remaining 3 patients (10.36%).
Table 2 provides a summary of the types of PCSK9 inhibitor used by the study
population and the age at which the treatments were initiated.

Primary endpoint
Pretreatment CT scan was compared with post-treatment CT scan for 26 (89.7%) of the
patients. Pretreatment US was compared with post-treatment US for 2 patients, and
only 1 patient required comparison of pretreatment CT scan with post-treatment US
scan. As shown in Figure 1, 11 patients (37.9%) of the total study population had
radiologic diagnosis of hepatic steatosis. Among these 11 patients, 8 (72.73%) achieved
complete radiologic resolution of the hepatic steatosis after use of PCSK9 inhibitors for
a mean duration of 17.6 mo. Figure 2A and B provide a comparison of CT images of
liver, before and after treatment with PCSK9 inhibitor, from a patient who experienced
complete resolution of hepatic steatosis.

Secondary endpoint
Only 2 patients (6.9%) of the total study population had abnormally elevated
pretreatment AST levels. One patient had a pretreatment AST level of 41 IU/L, and the
other patient had 44 IU/L; the upper limit of normal for AST at the study site is 40
IU/L. Post-treatment, AST level normalized for both patients (27 IU/L and 21 IU/L
respectively). Although all other patients in the study had normal pretreatment ALT
and AST levels, both markers showed a downward trend after PCSK9 use—showing a
statistically significant reduction for ALT, as summarized in Table 3.

DISCUSSION
Though the study population was small, our study showed not only a downward
trend in the ALT and AST levels among patients who used PCSK9 inhibitors but also
that 8 out of the 11 patients with hepatic steatosis achieved complete radiologic
resolution. In general, it appeared that the patient needed to be on PCSK9 inhibitors
for approximately 1.5 years to see reasonable radiologic improvement and for about 2
years to see a downward trend in ALT and AST levels.
PCSK9 is an enzyme synthesized mainly by the liver[12]. It binds to the LDL receptor
(LDL-R) on the surface of hepatocytes, leading to the degradation of the LDL-R
itself[13]. When LDL-R receptors are degraded, the result is an increase in plasma LDLcholesterol levels. Evolocumab and alirocumab, both approved by the United States’
Federal Drug Administration (commonly referred to as FDA) in 2015, are fully
humanized monoclonal antibodies that bind free plasma PCSK9, promoting
degradation of this enzyme. Hence, the result is decreased degradation of LDL-R and
increased up-take of the plasma LDL-cholesterol to liver; consequently, the levels of
LDL in blood decrease. These PCSK9 inhibitors were initially approved by the FDA
only for the treatment of familial hypercholesterolemia[14-16]. Subsequent approval
provided for primary and secondary prevention of cardiovascular events in patients
whose LDL-cholesterol was not at target level, despite being on optimal statin therapy,
or who were intolerant to statins[17]. However, the long-term effects and mortality
benefits are still unclear[17,18]. Some recent studies have shown that increased PCSK9
synthesis and release might be involved in NAFLD pathogenesis as well[8,9], which
suggests that inhibition of PCSK9 may actually stop development or progression of
NAFLD. Indeed, Theocharidou et al[9] demonstrated such, which prompted our interest
in this research project. Despite the small sample size, our results, too, are promising.
Patients with NAFLD are four to five times more likely to develop cirrhosis and
three to four times more likely to develop hepatocellular carcinoma, when compared
to patients without NAFLD[19]. However, as of this writing, there is no effective
treatment available for NAFLD. Weight loss is considered as the first step in the
disease management[20]. While some pharmacologic therapy options are available, they
have shown limited benefit. Vitamin E is recommended for NAFLD patients but only
those without diabetes[21]. For NAFLD patients with type 2 diabetes, in particular,
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Table 1 Baseline characteristics of the study population
Characteristic

Males

Females

Total

Sex

8

21

29

Caucasian

7

16

23

African American

1

4

5

Other/unknown

0

1

1

Diabetes

3

15

18

Hypertension

8

17

25

Obesity

5

10

15

Statin intolerance

4

16

20

Inadequate lipid control

2

4

6

Not known

2

1

3

Race

Presence of

Reason for PCSK-9 inhibitor initiation

PCSK9: Proprotein convertase subtilisin/kexin type-9.

Table 2 Types of proprotein convertase subtilisin/kexin type-9 inhibitor used by the study population
Males

Females

Total

Evolocumab

5

17

22

Alirocumab

3

4

7

Age in year at PCSK9 inhibitor initiation, mean ± SD

67.7 ± 7.6

63.6 ± 9.6

64.8 ± 9.1

Concomitant statin therapy during PCSK-9 therapy

1

5

6

Type of PCSK9 inhibitor

PCSK9: Proprotein convertase subtilisin/kexin type-9; SD: Standard deviation.

pioglitazone is recommended as an second line anti-diabetic medication, after
metformin, due to the slight biochemical and histologic improvements seen with its
use[22]. Since high-dose vitamin E is associated with an increase in all-cause mortality[23]
and pioglitazone can cause both fluid retention and worsening of congestive heart
failure[24], a benefit and risk assessment is necessary before initiation of either of these
pharmacologic therapies. Atorvastatin and omega-3 fatty acids have also been studied
among patients with NAFLD but remain of uncertain benefit to date.
Since 2010, several new therapies and clinical trials have come forward but their
impact has been either limited by a weak degree of improvement or a less favorable
side effect profile[25]. Most notable of all the new agents is obeticholic acid. In a
multicenter, randomized, placebo-controlled phase-3 clinical trial of obeticholic acid
which lasted from December 9, 2015 until October 26, 2018, the group treated with 25
mg obeticholic acid demonstrated improvement in the liver fibrosis endpoint but the
NASH resolution endpoint was not met[26]. Moreover, more than half of the patients in
the 25 mg treatment group experienced pruritis and 14% of patients experienced
serious adverse events[26]. A recently published retrospective study by Zafar et al[27]
showed increase in ALT and AST levels with the use of PCSK9 inhibitors, but of only
6.2 mg/dL and 5.8 mg/dL respectively. These are small increases and appear to be
clinically insignificant. It is important to note as well that the follow-up time (since
start of PCSK9 inhibitors) in that study was only 6 mo. A meta-analysis by Zhang
et al[28] evaluated 25 randomized control trials, comprising a total sample of 12200
patients, and found that the PCSK9 inhibitors overall adverse effects profile was not
significantly different than placebo. Rather, evolocumab was noted to reduce the rate
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Table 3 Effects of proprotein convertase subtilisin/kexin type-9 inhibitor on secondary outcome (alanine aminotransferase and
aspartate aminotransferase) and lipid panel
Parameter

Males

Females

Combined

Time elapsed in month from PCSK9 inhibitor initiation until most recent ALT
and AST measurements

18.4 ± 11.2

25.71 ± 10.74

23.69 ± 11.18

Pre-treatment

Post-treatment

Sig (2-tailed)1

ALT in IU/L

21.83 ± 11.89

17.69 ± 8.00

0.042

AST in IU/L

22.48 ± 9.00

20.59 ± 5.47

0.201

LDL in mg/dL

150.43 ± 44.69

90.89 ± 35.67

0.000

Triglycerides in mg/dL

220.07 ± 143.36

196.34 ± 140.73

0.447

HDL in mg/dL

48.59 ± 12.97

48.90 ± 16.27

0.884

Data are presented as mean ± standard deviation.
1
2-tailed P value for paired t-test. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; PCSK9: Proprotein convertase subtilisin/kexin type-9.

Figure 1 Flow diagram for primary outcome (resolution of hepatic steatosis). PCSK9: Proprotein convertase subtilisin/kexin type-9.

of abnormal liver function, as was noted in our study. Hence, it can be concluded
based on the available data that PCSK9 inhibitors are safe to use.
Important limitations of our study include the absence of a control population, a
small sample size, the retrospective design, and single-center study design. Each of
these limitations may impact the external validity. However, despite these limitations,
the potential of PCSK9 inhibitors for NAFLD was supported by our findings of
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Figure 2 Pre- vs post-treatment computed tomography scans of the liver. A: Liver computed tomography (CT) scan before treatment with proprotein
convertase subtilisin/kexin type-9 (PCSK9) inhibitor, showing the liver to be homogeneously hypodense (< 40 HU) and the portal and hepatic veins to have unclear
delineation from the surrounding parenchyma; B: Liver CT scan after treatment with PCSK9 inhibitor, showing the liver to have increased density and the portal and
hepatic veins to be clear (i.e., linear hypodense structures, in contrast to the more hyperdense liver parenchyma).

radiologic resolution of hepatic steatosis among 8 of 11 patients and of the downward
trend of ALT and AST among the entire study population, despite having been within
normal range pretreatment. This study, in conjunction with similar studies[9], can serve
as the basis for prospective research to further delineate the potential of PCSK9
inhibitors for NAFLD and NASH.

CONCLUSION
PCSK9 inhibitors can slow down or even result in complete resolution of NAFLD.
However, considering the limitations of this study, prospective studies are needed to
validate these findings.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is considered the most common chronic liver
disease in the world and can be life-threatening, with some cases progressing to endstage liver disease. Yet, there is no effective treatment available for it.

Research motivation
Proprotein convertase subtilisin/kexin type-9 (PCSK9) inhibitors have produced
favorable effects on liver function in some studies. This prompted our interest in
determining whether PCSK9 inhibitors can elicit a therapeutic effect on hepatic
steatosis.

Research objectives
Radiologic resolution of hepatic steatosis was the primary outcome, and improvement
in liver function biomarkers was the secondary outcome.

Research methods
This study was designed as a retrospective chart review and included the medical
records of 29 adult patients (18 years and above in age) who had received PCSK9
inhibitors anytime from January 2015 to July 2019.

Research results
Among the total 29 patients, 11 were found to have radiologic diagnosis of hepatic
steatosis. Eight of these eleven patients (72.73%) achieved complete radiologic
resolution of hepatic steatosis after using PCSK9 inhibitors for a mean duration of 17.6
mo. Levels of both alanine aminotransferase and aspartate aminotransferase levels also
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showed a downward trend after use of PCSK9 inhibitors for about 2 years.

Research conclusions
PCSK9 inhibitors can slow down or even result in complete resolution of NAFLD.

Research perspectives
The findings from this study, in conjunction with those from similar studies, can serve
as the basis for future prospective research to further explore the effects of PCSK9
inhibitors on hepatic steatosis. PCSK9 inhibitors may represent a significant
breakthrough treatment for NAFLD, if prospective studies corroborate the current
findings.
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Abstract
BACKGROUND
Ascites is one of the most common complications of cirrhosis, placing a significant
burden on the healthcare system. Data regarding the optimal time of paracentesis
and outcomes among patients with cirrhosis and ascites are scarce.
AIM
To assess the outcomes of patients who underwent paracentesis within 12 h after
admission compared to patients who underwent paracentesis later than 12 h.
METHODS
The study included 185 patients with cirrhosis and ascites who underwent
paracentesis. The early paracentesis group was defined as paracentesis performed
< 12 h after admission (65 patients) and the delayed paracentesis group was
defined as paracentesis performed > 12 h after admission (120 patients). Newonset complications of cirrhosis, length of hospital stay, weekday or weekend
admission, in-hospital mortality rate, and 90-d readmission rates were assessed
and compared between the groups.
RESULTS
Significantly more patients in the delayed paracentesis group than in the early
paracentesis group developed hepatic encephalopathy (45% vs 21.5%, P < 0.01),
hepato-renal syndrome (21.6% vs 9.2%, P = 0.03) and infections (25% vs 10.7%, P =
0.02) during hospitalization. There were no statistically significant differences in
the occurrence of spontaneous bacterial peritonitis and upper gastrointestinal
bleeding between the two groups. Length of stay was shorter in the early
paracentesis group than in the delayed paracentesis group (6.7 d vs 12.2 d) and inhospital mortality was lower among patients in the early paracentesis group.
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Patients in the delayed paracentesis group had a higher risk of developing
complications during hospitalization.
CONCLUSION
Early paracentesis (within 12 h after admission) could be a new inpatient quality
metric among patients hospitalized with cirrhosis and ascites as it is associated
with fewer complications of cirrhosis, lower in-hospital mortality and shorter
length of stay.
Key Words: Cirrhosis; Ascites; Hepatic encephalopathy; Spontaneous bacterial peritonitis;
Early paracentesis; Delayed paracentesis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Data regarding the optimal time of paracentesis and outcomes among patients
with cirrhosis and ascites are scarce. We evaluated the outcomes of 185 patients with
cirrhosis and ascites who underwent paracentesis within 12 h after admission (65
patients) compared to patients who underwent paracentesis later than 12 h (120
patients) and we found that early paracentesis is associated with fewer complications,
lower in-hospital mortality and shorter length of stay.
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INTRODUCTION
Cirrhosis is a leading cause of death worldwide and is also associated with increased
healthcare resource use[1]. Ascites is one of the most common complications of
cirrhosis[2] and a common reason for admission to hospital, placing a significant
burden on the healthcare system. Infected ascites leads to spontaneous bacterial
peritonitis (SBP) which occurs in 10%-30% of patients with cirrhosis and is associated
with high mortality[2-5].
Paracentesis is a procedure commonly performed in patients with decompensated
cirrhosis. Guidelines recommend that diagnostic paracentesis should be performed in
all patients who are hospitalized with cirrhosis and new onset grade 2 or 3 ascites, or
in those hospitalized due to worsening of ascites or any complication of cirrhosis, to
evaluate the presence or absence of SBP[2,4]. Rapid diagnosis of SBP by early
paracentesis is very important for the outcome of patients even in the absence of
symptoms given the fact that SBP usually has a subtle presentation or is asymptomatic. Patients with untreated SBP are at high risk of sepsis and early diagnostic
paracentesis allows the initiation of rapid specific treatment with potentially better
outcomes of the disease. Despite this, the adherence rate in clinical practice may be
unsatisfactory[6,7]. Data regarding the optimal time of paracentesis and outcomes
among patients with cirrhosis and ascites are scarce. The aim of this study was to
assess the outcomes of patients with cirrhosis and ascites who underwent paracentesis
within 12 h after admission compared to patients who underwent paracentesis later
than 12 h.

MATERIALS AND METHODS
Data source and study sample
The retrospective study included 307 patients with cirrhosis and ascites admitted to
the Department of Gastroenterology, Constanta County Clinical Emergency Hospital,
between January 1, 2018 and December 31, 2019.
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Information was collected from the digital database of the hospital (each electronic
medical file contains demographic data including date of admission, Child-Pugh
classification or MELD-Na score, all diagnoses and procedures performed, length of
stay (LOS) and data regarding discharge or in-hospital death) and medical files of the
patients (to assess the time of paracentesis and to classify ascites according to clinical
and ultrasound criteria).
International Classification of Diseases, 10th revision, version 2015[8] (ICD-10) codes
were used to identify patients with primary or secondary diagnoses of cirrhosis (K70.0,
K70.2, K70.3, K70.9, K71.0 – K71.9, K74.6), ascites (R18.8) and/or SBP (K65.2). Also, the
search engine included the procedure code for paracentesis (30406-00).
Inclusion criteria: Patients with cirrhosis of any etiology and one of the following
three conditions: (1) New onset grade 2 or 3 ascites, (2) Ascites which has worsened
recently, or (3) Ascites associated with a complication of cirrhosis, who underwent
paracentesis during hospitalization.
Exclusion criteria: Patients with cirrhosis but without ascites or with grade 1 ascites
(small amount of ascites detectable only on ultrasound studies), patients who did not
undergo paracentesis, and patients with other etiologies of ascites (cancer, heart
failure, tuberculosis).
Following the electronic search, medical files from the hospital’s archive of selected
patients were manually checked to assess the time of paracentesis since admission and
to assess the occurrence of complications during hospitalization.
Ascites was documented by physical exam and detectable on imaging studies
(ultrasound, magnetic resonance imaging, or computed tomography scan). Time to
paracentesis after admission was assessed and early paracentesis (EP) was defined as
paracentesis performed < 12 h after admission and delayed paracentesis (DP) was
defined as paracentesis performed > 12 h after admission.
Of 307 patients with cirrhosis and ascites, after careful application of these criteria,
122 (39.7%) patients were excluded (79 patients who did not undergo paracentesis
during hospitalization, 13 patients with grade 1 ascites, and 30 patients with stable
ascites and no complications of cirrhosis) and 185 (60.3%) patients met the inclusion
criteria. Sixty-five (35.1%) patients were assigned to the EP group and 120 (64.9%) to
the DP group. In the case of patients who had multiple hospitalizations during the
study period, only the first hospitalization was chosen as the index for analysis.

Variables and outcomes
Demographic data, Child-Pugh classification (A, B, and C) and MELD-Na score were
recorded in each group. New-onset complications of cirrhosis (developed after
admission, during the index hospitalization) such as SBP, hepatic encephalopathy,
hepato-renal syndrome, upper gastrointestinal bleeding, and various infections
(urinary, pulmonary, Clostridium difficile infections), LOS in days, weekday or weekend
admission, the in-hospital mortality rate during the same admission, and 90-d
readmission rates were assessed and compared between the groups; the primary
reason for readmission was identified using the ICD-10 codes for continuous
hospitalization.

Ethics approval
The study was conducted according to good laboratory practice and in concordance
with national and international standards. The study protocol was approved by the
Local Ethics Commission for the Approval of Clinical and Research Developmental
Studies of the County Clinical Emergency Hospital of Constanta (approval No.
7/02.03.2020). This was a retrospective study; therefore, a consent form was not
required.

Statistical analysis
Statistical analysis was performed using the JASP 0.11.1 statistic software package.
Descriptive statistics were used for demographic and baseline data: mean ± standard
deviation for continuous variables, absolute number and frequency for categorical
variables. For comparison between variables in the EP and DP groups, a two-sample
Student’s t-test was used for continuous variables and the chi-square test or Fisher
exact test were used for categorical variables. The association of each complication
developed during hospitalization in each group was analyzed by calculating the odds
ratio (OR) together with confidence intervals (CI). Results were considered statistically
significant if the P value < 0.05.
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RESULTS
Demographic and baseline data of the 185 patients enrolled in the study are illustrated
in Table 1. Overall, there were no significant differences between the two groups. The
mean age was 63.7 ± 10.2 years in the EP group and 62.5 ± 11.1 years in the DP group,
and more than half of the patients from both groups were male. The most common
etiology of cirrhosis in both groups was alcohol, followed by viral hepatitis B and/or
C, mixed etiology (alcohol and viral hepatitis B and/or C) and other etiologies: Nonalcoholic, metabolic associated liver disease (9 patients), primary biliary cholangitis (2
patients), and autoimmune (1 patient). Most of the patients in each group had been
classified as Child-Pugh C class. There were no statistically significant differences in
the mean Child-Pugh scores and MELD-Na scores between the groups.
With regard to new-onset complications of cirrhosis (after admission, during
hospitalization (Table 2), significantly more patients in the DP group than in the EP
group developed hepatic encephalopathy (45% vs 21.5%, P < 0.01) and hepato-renal
syndrome (21.6% vs 9.2%, P = 0.03). There were no statistically significant differences
between the occurrence of SBP and upper gastrointestinal bleeding in the EP and DP
group (15.3% vs 18.3%, P = 0.61, 30.5% vs 33.3%, P = 0.72, respectively). Hepatocellular
carcinoma was present in both groups irrespective of time of paracentesis (18.4% in the
EP group, 20.8% in the DP group, P = 0.70). Other infections (urinary, pulmonary, and
Clostridium difficile infections) occurred more frequently in the DP group than in the EP
group (25%, vs 10.7%, P = 0.02).
There was a significantly shorter LOS in the EP group compared to the DP group
(6.7 vs 12.2 d, P = 0.01) (Table 3).
Regarding the relationship between the time of paracentesis and the time of inhospital admission, it was observed that more than three-quarters of the patients with
early paracentesis (76.9%) were admitted during the weekdays, while most of those
with delayed paracentesis (52.5%) were admitted during the weekend (P < 0.01).
In-hospital mortality during the same admission was significantly lower among
patients in the EP group than in the DP group (6.1% vs 17.5%, P = 0.03).
Regarding 90-d readmission, from a total of 160 discharged patients (61 patients in
the EP, and 99 patients in the DP), 45 (28.1%) patients were readmitted with
complications. Among them, significantly more patients from the DP group than from
the EP group were readmitted: 34.3% vs 18%, P = 0.03. The most common cause for
readmission within 90-d in the EP group was upper gastrointestinal bleeding (45.4%),
followed by ascites (27.3%), hepatic encephalopathy (18.3%), and in the DP group was
ascites (47%), followed by hepatic encephalopathy (29.5%), and upper gastrointestinal
bleeding (20.5%). Other causes were lower gastrointestinal bleeding in the EP group (1
patient) and hepato-renal syndrome in the DP group (1 patient).
According to the OR calculation (Table 4), patients in the DP group were more likely
to develop hepatic encephalopathy during hospitalization than patients in the EP
group (OR = 2.98, 95%CI = 1.49-5.95, P < 0.01). The same was true for hepato-renal
syndrome (OR = 2.71, 95%CI = 1.05-7.00, P = 0.03) and infections (OR = 2.76, 95%CI =
1.13-6.70, P = 0.02). Also, weekend admission, LOS ≥ 7 d and in-hospital mortality
were more likely to occur in the DP group (Table 4).

DISCUSSION
In the present study, of 307 patients with cirrhosis and ascites, only 185 (60.3%) of
these patients underwent paracentesis. In 43 (14.0%) patients there was no indication
for paracentesis as the ascites had been classified as small (grade 1) or stable and
without any complications of cirrhosis. However, in 79 (25.7%) patients no
paracentesis was performed, although they had an indication for paracentesis, if we
comply with the EASL guide of 2018 which states that a “diagnostic paracentesis is
recommended in all patients with new-onset grade 2 or 3 ascites, or in those
hospitalized for worsening of ascites or any complication of cirrhosis”[4]. Our findings
are similar to previously published data[6,7,9].
The time of paracentesis is of paramount importance for the outcome of
hospitalized patients with cirrhosis and ascites[6]. In our study, only 35.1% of patients
underwent paracentesis within 12 h after admission, and the remaining patients
(64.9%) underwent paracentesis later than 12 h after admission. Literature is scarce
regarding the optimal time for paracentesis.
Spontaneous bacterial peritonitis occurred in 15.3% of patients in the EP group and
in 18.3% in the DP group. This finding is in concordance with the literature[10,11]. A
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Table 1 Patients’ demographics
EP (n = 65)

DP (n = 120)

P value

Gender, n (%)

0.43

Male

34 (52.3)

70 (58.3)

Female

31 (47.7)

50 (41.7)

63.7 ± 10.2

62.5 ± 11.1

0.80

Viral

20 (30.7)

45 (37.5)

0.35

Alcohol

26 (40.0)

46 (38.3)

0.82

Mixed

12 (18.4)

24 (20.0)

0.80

Other

7 (10.9)

5 (4.2)

0.15

A

0

0

N/A

B

24 (36.9)

36 (30.0)

0.41

C

41 (63.1)

84 (70.0)

0.41

Child-Pugh score, mean ± SD

11.2 ± 2.9

11.9 ± 3

0.52

MELD-Na score, mean ± SD

21.4 ± 7.5

23.6 ± 8.8

0.28

Age (yr)
mean ± SD
Etiology, n (%)

Child-Pugh, n (%)

EP: Early paracentesis group; DP: Delayed paracentesis group; SD: Standard deviation; N/A: Not applicable.

Table 2 Complications in the early paracentesis group and delayed paracentesis group
Complications, n (%)

EP (n = 65)

DP (n = 120)

P value

SBP

10 (15.3)

22 (18.3)

0.61

HE

14 (21.5)

54 (45.0)

< 0.01a

HRS

6 (9.2)

26 (21.6)

0.03a

UGIB

20 (30.5)

40 (33.3)

0.72

Infections

7 (10.7)

30 (25.0)

0.02a

a

P < 0.05. EP: Early paracentesis group.
DP: Delayed paracentesis group; SBP: Spontaneous bacterial peritonitis; HE: Hepatic encephalopathy; HRS: Hepato-renal syndrome; UGIB: Upper
gastrointestinal bleeding.

study conducted by Garcia-Tsao et al[12] found SBP in 12% of patients admitted with
cirrhosis and ascites. Interestingly, in our study, SBP was present in both groups
irrespective of the timing of paracentesis, and there was no statistically significant
difference between the two groups. We assume that in our group of patients, SBP was
present on admission to the hospital, so there was no difference in the number of cases
diagnosed by EP compared with those diagnosed by DP. However, early diagnosis
may be important in the prognosis of the disease, as early diagnosis is followed by
early treatment and this may influence the course of the disease.
In addition, significantly more patients in the DP group developed hepatic
encephalopathy and hepato-renal syndrome. We can assume that this was due to DP
and delayed treatment of SBP as untreated SBP has a worse prognosis and outcome.
Also, other infections (urinary, pulmonary, Clostridium difficile infections) were more
common in the DP group than in the EP group; this also suggests that EP facilitates the
diagnosis of SBP and early treatment with antibiotics may also reduce the incidence of
some other infections. Overall, patients who received EP had better outcomes and
fewer complications in contrast to those who received DP. The relationship between
EP and improved outcomes might be due to the rapid initiation of SBP treatment
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Table 3 Time of admission, length of stay, in-hospital mortality, and 90-d readmission rate in the early paracentesis group and delayed
paracentesis group
EP (n = 65)

DP (n = 120)

P value

Weekday

50 (76.9)

57 (47.5)

< 0.01a

Weekend

15 (23.1)

63 (52.5)

mean ± SD

6.7 ± 3.8

12.2 ± 4.5

0.01a

In-hospital mortality, n (%)

4 (6.1)

21 (17.5)

0.03a

90-d readmission, n (%)

11 (18.0)

34 (34.3)

0.03a

Ascites

3 (27.3)

16 (47.0)

UGIB

5 (45.4)

7 (20.5)

HE

2 (18.3)

10 (29.5)

Other

1 (9.0)

1 (3.0)

Admission, n (%)

LOS (d)

a

P < 0.05. EP: Early paracentesis group; DP: Delayed paracentesis group; LOS: Length of stay; UGIB: Upper gastrointestinal bleeding; HE: Hepatic
encephalopathy; SD: Standard deviation.

Table 4 The risk of complications developed during hospitalization in the early paracentesis group and delayed paracentesis group
Complication

Cases in the EP group, n (%)

Cases in the DP group, n (%)

OR

95%CI

P value

HE

14 (21.5)

54 (45)

2.98

1.49-5.95

< 0.01a

HRS

6 (9.2)

26 (21.6)

2.71

1.05-7.00

0.03a

Infections

7 (10.7)

30 (25.0)

2.76

1.13-6.70

0.02a

LOS ≥ 7 d

25 (47.6)

88 (73.3)

3.01

1.60-5.67

< 0.01a

In-hospital mortality

4 (6.1)

21 (17.5)

3.23

1.05-9.87

0.03a

90 d readmission

11 (18.0)

34 (34.3)

1.94

0.90-4.15

0.08

a

P < 0.05. EP: Early paracentesis group; DP: Delayed paracentesis group; HE: Hepatic encephalopathy; HRS: Hepato-renal syndrome; LOS: Length of stay;
OR: Odds ratio; CI: Confidence interval.

based on antimicrobial therapy and albumin. As such, early detection and therapy of
SBP are critical for improving favorable outcomes in patients with cirrhosis and
ascites. Prior studies showed that paracentesis within one day of admission is
associated with lower in-patient mortality and fewer readmissions[13]. Moreover,
higher mortality was noted in patients with cirrhosis and ascites who did not undergo
paracentesis compared to patients who did[6].
Our study found that patients who received EP had a shorter LOS. A reason for this
finding could be that rapid diagnosis of SBP or evacuation of tension ascites, and rapid
initiation of antimicrobial treatment is effective and prevents the development of other
complications leading to shorter hospitalization. On the other hand, patients in the DP
group had more complications and this could explain the longer LOS in this group.
Patients were more likely to receive EP if admitted on a weekday compared to being
admitted on a weekend and more than half of patients in the DP were admitted on the
weekend. This could be explained by the low number of medical staff on call during
weekends. Similar findings were noted in another study[14].
According to the literature[15], the time of paracentesis is associated with the risk of
mortality. In a study conducted by O’Brien et al[16], the majority of patients experienced
DP and in-hospital mortality was higher in these patients. Similarly, in our study,
patients who received EP had lower in-hospital mortality than patients who received
DP (6.1% vs 17.5%, P < 0.05). Consistent with our findings, a recent study showed that
patients who received DP had an increased risk of mortality[17].
Observing the collected data, we also suppose that DP may also have a negative
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impact on healthcare utilization. Given that the patients who received DP developed
more complications, and had longer LOS, we can expect increased use of medical
resources by these patients.
Cirrhosis is one of the leading causes of morbidity, requires frequent hospitalizations and carries a high risk for readmission[7]. Studies show 30-d readmission
rates between 20%-37%[18], and a 90-d readmission rate of up to 53%[19]. In our study,
the overall 90-d readmission rate was 28.1% and it was in concordance with the study
published by Orman et al[20] and higher than the rate of 12.9% found by Tapper et al[21].
Another study by Volk et al[22] reported a 30-d readmission rate of 37%[22]. In the
literature[22-24], similar to our study, the most common reasons reported for readmission
were complications of cirrhosis. Readmissions frequently occur among patients with
advanced liver disease, with increased MELD score being associated with readmission
in most studies[20].
In our study, the majority of patients (75.5%) who were readmitted within 90 d with
continuous hospitalization were from the DP group. Only 24.5% of them were from
the EP group. Another study conducted by Sobotka et al[25] found that paracentesis was
associated with increased 30-d readmission. Despite this finding, paracentesis is
recommended by guidelines and it is a quality indicator in cirrhotic patients.
Given that most patients had advanced liver disease, the presence of coagulopathy
could be a reason for not performing paracentesis or for performing DP, but there is
also strong evidence supporting that paracentesis is a safe procedure even in patients
with associated coagulopathy[26]. Kanwal et al[7] found that the quality of care regarding
ascites was better among patients with worse liver disease.
A limitation of our study may be the lack of data regarding discharged patients as
we could not assess the survival rates of the patients who were not readmitted to our
hospital 90 d after discharge. Another limitation of our study is that it is a
retrospective study conducted in a single center, and our results should be confirmed
by prospective, multicenter studies on a larger number of patients.

CONCLUSION
In light of the data provided, early paracentesis (within 12 h after admission) could be
a new inpatient quality metric among patients hospitalized with cirrhosis and ascites
as it is associated with fewer complications of cirrhosis, lower in-hospital mortality
and shorter length of stay.

ARTICLE HIGHLIGHTS
Research background
Cirrhosis is a leading cause of death worldwide and ascites is one of the most common
complications of cirrhosis. Patients are frequently admitted to hospital, placing
significant burden on the healthcare system.

Research motivation
Data regarding the optimal time of paracentesis and outcomes among patients with
cirrhosis and ascites are scarce in the literature.

Research objectives
The aim of this study was to assess the outcomes of patients with cirrhosis and ascites
who underwent paracentesis within 12 h after admission compared to patients who
underwent paracentesis later than 12 h.

Research methods
This was a retrospective study of 185 patients with cirrhosis and ascites who
underwent paracentesis. The early paracentesis group was defined as paracentesis
performed < 12 h after admission (65 patients) and the delayed paracentesis group was
defined as paracentesis performed > 12 h after admission (120 patients). Complications
of cirrhosis occurring during hospitalization were assessed and compared between the
groups.

WJH

https://www.wjgnet.com

1273

December 27, 2020

Volume 12

Issue 12

Tocia C et al. Timing of paracentesis in cirrhosis

Research results
Significantly more patients in the delayed paracentesis group than in the early
paracentesis group developed hepatic encephalopathy, hepato-renal syndrome and
infections during hospitalization. There were no statistically significant differences in
the occurrence of spontaneous bacterial peritonitis and upper gastrointestinal bleeding
between the two groups. Length of stay was shorter and in-hospital mortality was
lower in the early paracentesis group. Patients from the delayed paracentesis group
had a higher risk of developing complications during hospitalization.

Research conclusions
Early paracentesis (within 12 h after admission) is associated with fewer complications
of cirrhosis, lower in-hospital mortality and shorter length of stay.

Research perspectives
Early paracentesis could be a new inpatient quality metric among patients hospitalized
with cirrhosis and ascites and deserves to be investigated further in larger studies.
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Abstract
BACKGROUND
Malnutrition in cirrhotic patients is correlated with mortality and a better
response to liver transplantation. However, recovery of the nutritional status in
these patients is a challenge due to the difficulty in establishing a reliable
nutritional diagnosis. The bioelectrical impedance vector analysis (BIVA) method
appears as a feasible tool in clinical practice to define the physiological state of
cirrhotic patients by assessing hydration and body cellularity.
AIM
To evaluate body composition in cirrhotic patients using BIVA.
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METHODS
This retrospective cross-sectional study was carried out by following cirrhotic
outpatients at a hospital in Porto Alegre, Brazil. A tetrapolar bioelectrical
impedance analysis device was used to evaluate cellularity and hydration and to
perform the BIVA. The BIVA graphic was elaborated by software and for
statistical analysis a significance level of 5% (P ≤ 0.05) was considered.
RESULTS
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One hundred and ninety patients, 61.1% males, with a mean age of 56.6 ± 11.0
years, were evaluated. Of these, 56.3% had Child-Turcotte-Pugh (CTP) A score,
and the prevalent etiology was hepatitis C virus (47.4%). The patients were
classified according to cellularity and hydration by the quadrants and ellipses of
the BIVA method, quadrant 1 (47.9%); quadrant 2 (18.9%); quadrant 3 (14.2%);
and quadrant 4 (18.9%). Those classified in quadrant 1 and 2 had a higher phase
angle compared to those in quadrants 3 and 4 (P < 0.001). Quadrant 2 patients had
a lower average age than the other groups. The association with CTP score
showed that patients in quadrant 2 had a higher proportion of CTP A, and those
in quadrant 4 had a higher proportion of CTP C (P < 0.052).
CONCLUSION
The BIVA method allows identification of the cellularity and hydration status of
cirrhotic patients, and its association with clinical factors determines the disease
severity, age and prognostic index.
Key Words: Body composition; Hydration; Cellularity; Hepatic cirrhosis; Electrical
Bioimpedance; Bioelectrical impedance vector analysis
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Core Tip: Using the bioelectrical impedance vector analysis method, it is feasible in
clinical practice to identify hydration and cellularity status in patients with liver
cirrhosis, regardless of their etiology. This tool allows health professionals to establish
an effective treatment for these patients with the objectives of clinical improvement, a
better quality of life and better response to orthotopic liver transplantation.
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INTRODUCTION
One of the main clinical complications of liver cirrhosis is protein-calorie malnutrition,
which has a prevalence ranging from 10% to 100%, regardless of the stage and etiology
of the disease. It has been observed in different studies that the general prognosis of
the disease worsens in the presence of malnutrition, contributing negatively to the
quality of life of patients[1-7].
The evaluation of body composition in cirrhotic patients is a challenge, as there is no
recognized gold standard. Anthropometric measurements are non-invasive and lowcost methods, but they can be impaired by changes in hydration status (ascites and
edema) and have moderate reliability due to interobserver variation[6,8]. Among the
most frequently used methods for assessing body composition, electrical
bioimpedance (BIA) is capable of providing information on lean mass and fat mass
through the parameters of electrical current of tissues, resistance (R) and reactance
(Xc), which help to identify the functionality and integrity of cell membranes[9].
Using R and Xc, the phase angle (PA), a marker of the nutritional status
independent of the device’s pre-established formulas can be calculated, where the
patient’s hydration, for example in cirrhotic patients, could generate estimation errors.
In addition, PA values have been shown to be an excellent prognostic index in several
clinical conditions[6,10-15]. The BIA can further provide angular vectors of alterations in
body fluid levels and cellularity of the patient, and this method is known as
bioelectrical impedance vector analysis (BIVA)[16-18].
The PA provides us with a large amount of data that, analyzed in a specific way,
with specific statistical programs, allows new analyses of body composition to deepen
our knowledge. BIVA uses graphic vectors for the analysis of BIA data, where
impedance is plotted as a vector by its components R (X axis) and Xc (Y axis) after
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standardization by weight[11,12,18].
The electrical properties of the tissues (R and Xc) must be standardized by sex and
race, with their tolerance intervals, in relation to a given population. The resulting
graph provides ellipses of tolerance, i.e., 50%, 75% and 95% percentiles (confidence
intervals) that are divided into quadrants that represent groups of patients with more
or less hydration, more or less cellularity. The advantage of this method is that it
allows simultaneous information on changes in body hydration or soft tissue mass,
regardless of body weight. Thus, BIVA is able to correctly interpret, even if the patient
is extremely heavy, the distribution of water volume in different diseases, and assess
the general composition of the body[19-21].
To date, no studies have analyzed body composition regarding hydration and
cellularity in cirrhotic patients using the BIVA method. Therefore, the main objective
of this study was to evaluate the results of BIVA regarding hydration and cellularity,
and compare them with the PA and other clinical parameters in cirrhotic patients.

MATERIALS AND METHODS
Population
This was a retrospective cross-sectional study with data collected between May 2007
and December 2015, at the Santa Casa de Misericórdia Hospital Complex in Porto
Alegre, RS, Brazil.
A total of 224 patients with cirrhosis undergoing outpatient follow-up were
included in the data collection. Of these, 34 were excluded due to incomplete data and
190 patients were included in the final analysis. The etiology of cirrhosis was as
follows: Hepatitis C virus (HCV), hepatitis B virus, alcohol, autoimmune, nonalcoholic fatty liver disease, cryptogenic or cholestatic disease, and some patients had
two concomitant etiologies.

Clinical evaluation
Data on age, gender, socioeconomic status, social history (smoking and alcohol
consumption), and chronic diseases were obtained. In addition to the anamnesis, data
on the etiology of cirrhosis, staging of the disease, medications used, complementary
examinations, laboratory, imaging or anatomopathological data were obtained.

Body mass and height
Body mass measurement was verified by the Filizola® scale, with a scale of 100 g,
previously calibrated. The patients were measured wearing light clothing and
barefoot. Height was determined with a fixed stadiometer on the wall, with the patient
standing erect and barefoot.

Evaluation by BIA
The BIA evaluation was performed in the outpatient department, without previous
specific preparation for fasting. The patients were evaluated in a comfortable dorsal
decubitus position and relaxed, without shoes, socks and metallic fittings. According
to the procedure, the legs were spread apart, hands open and supported on the
stretcher. Skintak® electrodes were used as follows: One electrode was placed at the
base of the middle toe on the right foot and another electrode slightly above the line of
the ankle joint between the medial and lateral malleoli. Another pair of electrodes was
distributed at the base of the middle finger of the right hand, and slightly above the
line of the right wrist joint, coinciding with the styloid process.
The device used was Biodynamics®, model 450, with an electric current intensity of
800 µA and frequency of 50 kHz. Nominal voltage was 8.4 V, with a rated capacity of
600 mA/h. The amplitude of R was 200-1500 Ω, with a resolution of 0.1 Ω and accuracy
of 0.1%. The amplitude of Xc was 0-300 Ω, the resolution was 0.1 Ω and the precision
was 0.2%. The unit also had a 0°-20° PA amplitude, 0.1° resolution and 0°-2° accuracy.

PA
The PA was automatically provided by the equipment from the values of R and Xc. PA
was classified according to the cut-off point of 5.4°, based on the reference parameters
of the study by Fernandes et al[6] and Selberg et al[22], in which values below this point
are considered predictive of a bad prognosis, and the values above are predictive of a
good prognosis.
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BIVA
In this method, the raw measures of the BIA (R and Xc) are used graphically,
standardized by height in meters, and plotted as vector bivariate points, with their
confidence and tolerance intervals, which are ellipses in the graphical plane RXc. The
method is based on the analysis of the bivariate distribution of vector impedance in a
healthy population. Graph RXc can be observed with the tolerance intervals of 50%,
75% and 95% of the impedance value (i.e., the ellipses containing the vector values and
the probabilities of 50%, 75% and 95%)[19-21].
The upward or downward displacement of vectors in the direction of the largest
axis (h) of the ellipse indicates progressive change in tissue hydration (dehydration
towards the upper pole, hyperhydration with apparent edema toward the lower pole).
Vectors migrating towards the lower axis (c) above, to the left, indicate more body cell
mass and below, to the right, less body cell mass[19].
BIVA measurement points were determined for each quadrant, considering areas
between the h and c axes, according to body conditions (hydration and cellularity),
being classified as: Quadrant 1 (Q1): More cellularity, more hydration; quadrant 2
(Q2): More cellularity, less hydration; quadrant 3 (Q3): Less cellularity, less hydration;
and quadrant 4 (Q4): Less cellularity, more hydration (Figure 1).

Statistical analysis
Quantitative variables were described by the mean ± SD and categorical variables by
absolute and relative frequencies. One-way ANOVA was used to compare the means,
complemented by the Tukey’s test. In the comparison of proportions, the Chi-square
test was applied along with the analysis of the adjusted residuals. For control of
confounding factors, the Poisson regression analysis was applied to the factors that
presented a P < 0.10 in the bivariate analysis.
The significance level adopted was 5% (P ≤ 0.05) and the analyses were performed
using the SPSS program version 21.0.

RESULTS
A total of 190 patients with a mean age of 56.6 ± 11.0 years were evaluated. Sixty-one
percent of the patients were male. Of these, 56.3% had Child-Turcotte-Pugh (CTP) A
score, and the most prevalent etiology was HCV (47.4%). The characteristics of the
studied population are presented in Table 1.
A significant association (P = 0.025) between etiology and CTP score was observed,
with CTP A more prevalent in patients with an etiology related to alcohol. Also,
patients with HCV + alcohol etiology had a higher prevalence of CTP C (Figure 2).
The patient sample was plotted on the RXc chart and classified by BIVA quadrants,
according to hydration and cellularity (Figure 3).
The patients were evaluated by the BIVA method in relation to age, sex, disease
staging (CTP score), etiology and PA (Table 2). The Q2 patients had a lower mean age
than those in the other quadrants (P < 0.001). Patients classified in Q1 and Q2 had
higher PA than those in Q3 and Q4 (P < 0.001).
There was an association between the BIVA quadrants and CTP classification. The
patients classified in Q2 had a significantly higher proportion of CTP A than the other
quadrants. In addition, Q4 patients had a significantly higher CTP ratio than those in
the other quadrants.
The association between staging and the CTP score according to the different BIVA
quadrants is plotted on the BIVA graph (Figure 4).
Graphical representation of the BIVA shows the distribution of the patients
evaluated according to staging of the disease. According to the CTP score, more severe
disease was observed in Q4, using the prognosis by the PA values; the opposite was
observed in Q2 (P < 0.002).
The sample showed an association between the BIVA quadrants and prognosis,
using the PA values. There was a statistically significant association between the BIVA
and PA classifications (P < 0.002), with the values of PA corresponding to a better
prognosis in Q1 and Q2 (P < 0.007).
The population was evaluated according to age group in relation to PA, BIVA
quadrants, gender, disease staging (CTP score) and etiology (Table 3). It was observed
that PA was significantly lower in patients aged 50 years or older when compared to
those younger than 40 years. Patients younger than 40 years also showed an
association with BIVA Q2, and these same patients had a higher prevalence of other
etiologies (Table 3).
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Table 1 Characteristics of the patients included
Variables1

Total sample (n = 190)

Age (yr)

56.6 ± 11.0

Gender
Male

116 (61.1)

Female

74 (38.9)

Child-Turcotte-Pugh
A

107 (56.3)

B

48 (25.3)

C

35 (18.4)

Etiology
HCV

90 (47.4)

Alcohol

51 (26.8)

HCV + alcohol

21 (11.1)

Other2

28 (14.7)

Phase angle

6.06 ± 2.20

1

Described by mean ± SD or n (%).
Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic. HCV: Hepatitis C virus.

2

When adjusted for age, patients with the etiology related to HCV + alcohol had a
significantly higher prevalence of being classified as CTP C [hazard rate (HR) = 2.28,
95%CI: 1.12-4.67, P = 0.024] when compared to patients with HCV only. Also, patients
with alcohol-related etiology had a 31% higher prevalence of CTP A when compared
to those with HCV (HR = 1.31, 95%CI: 1.01-1.71, P = 0.044). When adjusted for age,
CTP C patients had a 17% higher prevalence of being in Q4 by BIVA (HR = 1.17,
95%CI: 1.04-1.33, P = 0.012) when compared to Child A patients. The prevalence of bad
prognosis by PA was approximately 5 times higher in patients classified in quadrants
3 (HR = 4.47, 95%CI: 2.70-7.40, P < 0.001) and 4 (HR = 5.64, 95%CI: 3.54-8.97, P < 0.001)
when compared to patients in quadrants 1 and 2. When adjusted for age and CTP, the
effect measures did not change in quadrants 3 (HR = 4.18, 95%CI: 2.51-6.97, P < 0.001)
and 4 (HR = 5.01, 95%CI: 3.10-8.10, P < 0.001).
There was a statistically significant association between the classification of PA and
CTP score (P < 0.001). Patients with CTP A were associated with a good prognosis and
were classified in quadrants 1 and 2, and patients with CTP C had a bad prognosis and
were classified in quadrants 3 and 4 (Table 4).

DISCUSSION
The evaluation of body composition in cirrhotic patients presents some difficulties in
measurement due to its peculiarities, and relevant studies suggest that there is no gold
standard for diagnosing clinical conditions, such as malnutrition, in these patients.
In the present study of adult cirrhotic patients, a higher proportion of males was
observed, which was in accordance with previous studies[23]. With regard to the
classification of CTP, there is a stepwise progression of CTP A, B and C, and because
these were outpatients, there was a greater number of CTP A and B than CTP C
patients. The etiology of cirrhosis in this study was predominantly due to HCV,
alcohol, and HCV associated with alcohol, and was a regional peculiarity, and may
differ from other geographical locations[6].
According to the BIVA, it was possible to differentiate patients according to the
disease stage. Younger patients in the sample (50.3 ± 14.3 years) were less hydrated
and had more cellularity (Q2), according to the BIVA, and with a greater number of
patients classified as CTP A presenting higher values of PA, reflecting a better
prognosis. On the other hand, patients classified as more hydrated (water retention)
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Table 2 Characteristics of the patients according to the bioelectrical impedance vector analysis method, related to age, sex, staging
(Child-Turcotte-Pugh score), etiology and phase angle
Variables1

Total sample (n =
190)

Classification quadrants - BIVA

Age (yr)

56.6 ± 11.0

56.8 ± 9.64

Q1 (n = 91; 47.9%) Q2 (n = 36; 18.9%) Q3 (n = 27; 14.2%) Q4 (n = 36; 18.9%) P value
50.3 ± 14.33

57.7 ± 9.24

61.6 ± 8.94

Gender

< 0.001
0.642

Male

116 (61.1)

54 (59.3)

20 (55.6)

17 (63.0)

25 (69.4)

Female

74 (38.9)

37 (40.7)

16 (44.4)

10 (37.0)

11 (30.6)

Child-Turcotte-Pugh

0.052

A

107 (56.3)

52 (57.1)

27 (75.0)

13 (48.1)

15 (41.7)

B

48 (25.3)

25 (27.5)

5 (13.9)

9 (33.3)

9 (25.0)

C

35 (18.4)

14 (15.4)

4 (11.1)

5 (18.5)

12 (33.3)

Etiology

0.380

HCV

90 (47.4)

45 (49.5)

16 (44.4)

13 (48.1)

16 (44.4)

Alcohol

51 (26.8)

29 (31.9)

7 (19.4)

7 (25.9)

8 (22.2)

HCV + alcohol

21 (11.1)

6 (6.6)

4 (11.1)

4 (14.8)

7 (19.4)

Other2

28 (14.7)

11 (12.1)

Phase angle

6.06 ± 2.20

9 (25.0)
4

6.49 ± 2.44

7.30 ± 2.12

3 (11.1)
4

5 (13.9)
3

5.07 ± 0.67

4.46 ± 0.703

< 0.001

1

Described by mean ± SD or n (%).
Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic.
3
Numbers with superscript 3 do not differ statistically at 5% significance by Tukey’s test.
4
Numbers with superscript 4 do not differ statistically at 5% significance by Tukey’s test. BIVA: Bioelectrical impedance vector analysis; HCV: Hepatitis C
virus; Q1: Quadrant 1; Q2: Quadrant 2; Q3: Quadrant 3; Q4: Quadrant 4.
2

and with lower cellularity (Q4) were older (61.6 ± 8.9 years), mostly with CTP C and
with lower PA, and a possible association between greater severity and bad prognosis.
The BIVA has been studied in several clinical situations in an attempt to understand
the human body composition in relation to hydration and cellularity alterations, such
as heart failure, compensated cirrhosis, hemodialysis, chronic obstructive pulmonary
disease and cancer[12,17,24-26]. Norman et al[9] established that the BIVA method reflects the
actual state of hydration and composition of the cell mass, recognizing its importance
in the evaluation and monitoring of possible modifications of body composition. This
method has become an important tool in the management of cirrhotic patients.
The use of the BIVA method to determine the status of body fluids is well
established in the literature and has been gaining prominence in the management of
several diseases[26]. A classic example where the BIVA method can be used
systematically is in the assessment of body fluids of patients the in intensive care unit
(ICU), mainly with the diagnosis of acute kidney injury (AKI), which is associated
with increased mortality due to the disturbance in water balance[27]. In the study by
Hise et al[28] which evaluated critically ill patients with AKI using the BIVA method, it
was observed that the survivors presented vectors of longer and steeper groups,
characterized by higher values of R and Xc (P < 0.05).
When the patients were plotted according to the clinical classification of CTP, it was
possible to conclude that CTP A patients had higher cellularity and lower hydration,
with PA values indicating a good prognosis. It was also possible to identify that
patients with CTP C were more prevalent in Q4 and had a bad prognostic value
assessed by PA (P < 0.001). These data corroborate with the findings of Fernandes
et al[6], in which the PA was associated with staging of the disease via the CTP score.
Guglielmi et al[29] evaluated 810 cirrhotic patients with different etiologies using the
BIVA method and compared them with a control group of 208 healthy individuals,
and showed differences in hydration between the two groups. Similar findings were
observed in the present study, where higher hydration status was associated with
patients who had decompensated cirrhosis. On the other hand, the above controlled
study did not evaluate the participants’ cellularity.
The mean PA in this sample was 6.06 ± 2.20, similar to the findings of Fernandes
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Table 3 Distribution of the sample by age group related to phase angle classification, bioelectrical impedance vector analysis
quadrants, sex, Child-Turcotte-Pugh score and etiology
Age (yr)

Variables1
PA

20-39 (n = 11; 5.8%)

40-49 (n = 32; 16.8%)

50-59 (n = 66; 34.7%)

≥ 60 (n = 81; 42.6%)

P value

7.67 ± 2.504

6.68 ± 2.633,4

5.79 ± 1.613

5.83 ± 2.293

0.014

PA classification

0.007
5

Good prognosis

11 (100)

24 (75.0)

43 (65.2)

43 (53.1)

Bad prognosis

0 (0.0)

8 (25.0)

23 (34.8)

38 (46.9)5

BIVA Quadrant classification

0.002

Q1

4 (36.4)

15 (46.9)

36 (54.5)

36 (44.4)

Q2

7 (63.6)5

8 (25.0)

10 (15.2)

11 (13.6)

Q3

0 (0.0)

6 (18.8)

5 (7.6)

16 (19.8)

Q4

0 (0.0)

3 (9.4)

15 (22.7)

18 (22.2)

Gender

0.162

Male

9 (81.8)

22 (68.8)

42 (63.6)

43 (53.1)

Female

2 (18.2)

10 (31.3)

24 (36.4)

38 (46.9)

Child-Turcotte-Pugh

0.194

A

9 (81.8)

18 (56.3)

31 (47.0)

49 (60.5)

B

2 (18.2)

8 (25.0)

17 (25.8)

21 (25.9)

C

0 (0.0)

6 (18.8)

18 (27.3)

11 (13.6)

Etiology

0.030

HCV

1 (9.1)

14 (43.8)

34 (51.5)

41 (50.6)

Alcohol

3 (27.3)

9 (28.1)

16 (24.2)

23 (28.4)

HCV + alcohol

1 (9.1)

4 (12.5)

6 (9.1)

10 (12.3)

5 (15.6)

10 (15.2)

7 (8.6)

Other

2

5

6 (54.5)

1

Described by mean ± SD or n (%).
Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic.
3
Numbers with superscript 3 do not differ statistically at 5% significance by Tukey’s test.
4
Numbers with superscript 4 do not differ statistically at 5% significance by Tukey’s test.
5
Indicates statistically significant association by the test of the residuals adjusted to 5% of significance. PA: Phase angle; BIVA: Bioelectrical impedance
vector analysis; Q1: Quadrant 1; Q2: Quadrant 2; Q3: Quadrant 3; Q4: Quadrant 4; HCV: Hepatitis C virus.
2

et al[6] and Selberg et al[22], where values below 5.4° were characterized as having a poor
prognosis. When we analyzed the patients divided into two groups according to the
PA cut-off point of 5.4°, differences were observed between the two groups, with
younger patients, males and those with CTP A having a good prognosis, which may
be indicative of the absence of sarcopenia in this population. Sarcopenia is
characterized by progressive loss of skeletal muscle mass and strength, negatively
influencing body homeostasis associated with functional limitations and morbidity
and mortality[30,31].
Studies have shown that PA is a good prognostic indicator in severe clinical
situations[6,10-14]. Gupta et al[10] demonstrated that PA was a more potent indicator of
survival than traditional nutritional assessment parameters, such as albumin,
prealbumin and transferrin in patients with advanced pancreatic cancer, and showed
that the cut-off point for PA was 5.0°. In a similar study of patients with advanced
lung cancer, the patients were stratified using a cut-off point for PA of 4.5°[11]. Alves
et al[12], in a study of chronic heart failure, identified that the BIVA method associated
with PA was capable of identifying significant changes in the hydration state during
the acute decompensation phase of the disease.
Stapel et al[32] when assessing 196 patients in the ICU showed that patients with
higher PA had a lower 90-day mortality rate than those patients with a low PA (5.0° ±
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Table 4 Association of the classification of phase angle prognosis related to age, sex, staging (Child-Turcotte-Pugh) and etiology
Variables1
Age (yr)

Classification PA – 5.4°
Good prognosis (> 5.4°; n = 121)

Bad prognosis (< 5.4°; n = 69)

54.2 ± 11.3

60.9 ± 9.0

P value
< 0.001

Gender

0.040

Male

81 (66.9)

35 (50.7)

Female

40 (33.1)

34 (49.3)

Child-Turcotte-Pugh

< 0.001
3

A

81 (66.9)

26 (37.7)

B

26 (21.5)

22 (31.9)

C

14 (11.6)

21 (30.4)3

Etiology

0.060

HCV

51 (42.1)

39 (56.5)

Alcohol

39 (32.2)

12 (17.4)

HCV + alcohol

11 (9.1)

10 (14.5)

Other2

20 (16.5)

8 (11.6)

1

Described by mean ± SD or n (%).
Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic.
3
Indicates association statistically significant by the test of the residuals adjusted to 5% of significance. PA: Phase angle; HCV: Hepatitis C virus.
2

Figure 1 Graphic representation of bioelectrical impedance vector analysis by quadrants and ellipses, according to body conditions.

1.3° vs 4.1° ± 1.2°, P < 0.001). It is important to highlight that BIA was performed
within 24 h of the patient’s admission to the ICU, clearly showing that PA reflects the
patient’s physiological status (catabolism) and can be classified as a biological marker,
as described by Marroni et al[15].
Ruiz-Margáin et al[17], in a pilot study of patients with compensated cirrhosis, the
cut-off point for PA of 4.9° was established, indicating this bad prognostic factor is an
independent risk factor of mortality. Belarmino et al[33] obtained similar findings in a
study of cirrhotic patients using the PA cut-off of ≤ 4.9° established by Ruiz-Margáin
et al[17], and observed that PA is an independent prognostic factor associated with
mortality, and identified associations with poorer metabolic profiles, nutrition and
disease progression. However, these two studies did not evaluate cellularity and body
fluid in cirrhotic patients; thus, clinical and nutritional behaviors were not assessed
early.
There are some limitations in the present study, such as the use of an Italian
population as a reference, and the Piccoli Software[19] to calculate the BIVA, as there are
no data available for the Brazilian population. The population in the study region
suffered great miscegenation, having a high Italian genetic component and therefore
we believe that it does not significantly compromise the results.
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Figure 2 Association between etiology and the Child-Turcotte-Pugh score. Others refer to hepatitis B virus, autoimmune, cholestatic disease, nonalcoholic fatty liver disease, and cryptogenic. HCV: Hepatitis C virus.

Figure 3 Bioelectrical impedance vector analysis - sample distribution.

BIVA offers advantages over traditional methods in evaluating body composition,
due to its non-invasive nature and simplicity. BIVA has a methodological advantage
over traditional BIA calculations due to its independence from regression equations. In
addition, BIVA can facilitate longitudinal assessment of changes in body composition
over time. These properties are useful for assessing nutrition and hydration in cirrhotic
patients, who are unable to tolerate more invasive assessment methods. This research
demonstrates the potential of using published BIVA data for further analysis,
especially in decompensated cirrhotic patients.
The evaluation at different points in the disease trajectory can demonstrate changes
in body composition over time. Our data demonstrate that body composition appears
to be related to the clinical status of cirrhotic patients.
The main limitation of this study is that nutritional screening tools were not used,
which makes it difficult to compare the nutritional basis. Therefore, our ability to
assess how BIVA relates to nutritional status is limited.
A small number of studies were evaluated in this analysis, which only included
English language studies, and it is possible that studies using BIVA in different
cultural contexts have been excluded. There are challenges in using the BIVA method
correctly when there is variability in how reference populations are chosen. The BIVA
method does not provide quantitative data on body composition variables; therefore,
stratification is required, according to clinical variables of BIVA data to determine
clinically significant outcomes.
As already mentioned, evaluations of BIA were performed in clinical medical
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Figure 4 Classification of bioelectrical impedance vector analysis quadrants associated with Child-Turcotte-Pugh classification. A:
Bioelectrical impedance vector analysis (BIVA) - patients plotted in quadrant 1; B: BIVA - patients plotted in quadrant 2 - higher proportion of Child-Turcotte-Pugh A;
C: BIVA - patients plotted in quadrant 3; D: BIVA - patients plotted in quadrant 4 - greater proportion of Child-Turcotte-Pugh C (P < 0.002). Z: Score; (R): Resistance;
(Xc): Reactance.

consultations, and not performed with the recommended preparation for the use of
BIA. However, as the results of this study do not depend on pre-established formulas
of the apparatus, where hydration is a limiting factor, we believe that this did not
influence the results.

Implications for clinical and political practice
This study demonstrated the potential of using the BIVA method to perform
comparative, multigroup analyses of body composition, to compare differences in
cirrhotic patients according to the stage and type of disease. This has the potential to
personalize therapeutic, nutritional and hydration interventions according to an
individual’s physiology.
More studies are needed to recommend the BIVA method for routine clinical use,
due to the limited number of studies using this method.

CONCLUSION
In conclusion, the BIVA method allows identification of the cellularity and hydration
status of cirrhotic patients associated with clinical factors to determine the severity of
the disease, such as age, staging and PA. The BIVA method is a new tool for
evaluating the body composition of cirrhotic patients, especially in patients with
asymmetry, allowing an early and specific nutritional assessment in each case, which
will help to improve the clinical condition of these patients.

ARTICLE HIGHLIGHTS
Research background
One of the main clinical complications of liver cirrhosis is protein-calorie malnutrition,
the prevalence of which can vary from 10% to 100%, regardless of the stage and
etiology of the disease, but which negatively interferes with the general prognosis of
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the disease. Therefore, determining the behavior of body composition (cellularity and
hydration) using the bioelectrical impedance vector analysis (BIVA) method, seems to
be a promising method for improving the health of patients with liver cirhosis,
expanding their life expectancy and quality of life.

Research motivation
There are few studies on the assessment of body composition and functioning in
cirrhotic patients, which directly impacts the overall clinical management of these
patients. We believe that with the BIVA method we can gain a new tool for analyzing
body homeostasis in this population.

Research objectives
The aim of this study was to evaluate the results of the BIVA regarding hydration and
cellularity, and compare them with the phase angle and other clinical parameters in
cirrhotic patients.

Research methods
This was a retrospective cross-sectional study with data collected between May 2007
and December 2015, at the Santa Casa de Misericórdia Hospital Complex in Porto
Alegre, RS, Brazil. The data obtained were related to the protocol for routine pre- and
postoperative care at the service’s outpatient clinic. Quantitative variables were
described by the mean and standard deviation and the categorical variables by
absolute and relative frequencies. One-way ANOVA was used to compare the means,
complemented by Tukey’s test. In the comparison of proportions, the Chi-square test
was applied along with the analysis of adjusted residuals. For control of confounding
factors, the Poisson regression analysis was applied to the factors that presented a P <
0.10 in the bivariate analysis.

Research results
A total of 190 patients with cirrhosis undergoing outpatient follow-up were included
for data collection. The BIVA method showed an association with the staging of
cirrhosis, showing worsening of cellularity (integrity and functionality) and worsening
of the hydroelectrolytic distribution in patients with greater disease severity.

Research conclusions
The BIVA method makes it possible to identify the cellularity and hydration status of
cirrhotic patients, being associated with clinical factors that determine the severity of
the disease, such as age, staging and PA.

Research perspectives
The BIVA method is a new tool for evaluating body composition in cirrhotic patients,
especially in those with asymmetry, allowing an early and specific nutritional
assessment in each case, and helps to improve the clinical condition of these patients.
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Abstract
BACKGROUND
Biliary dilation is frequently related to obstruction; however, non-obstructive
factors such as age and previous cholecystectomy have also been reported. In the
past two decades there has been a dramatic increase in opiate use/dependence
and utilization of cross-sectional abdominal imaging, with increased detection of
biliary dilation, particularly in patients who use opiates.
AIM
To evaluate associations between opiate use, age, cholecystectomy status,
ethnicity, gender, and body mass index utilizing our institution’s integrated
informatics platform.
METHODS
One thousand six hundred and eighty-five patients (20% sample) presenting to
our Emergency Department for all causes over a 5-year period (2011-2016) who
had undergone cross-sectional abdominal imaging and had normal total bilirubin
were included and analyzed.
RESULTS
Common bile duct (CBD) diameter was significantly higher in opiate users
compared to non-opiate users (8.67 mm vs 7.24 mm, P < 0.001) and in patients
with a history of cholecystectomy compared to those with an intact gallbladder
(8.98 vs 6.72, P < 0.001). For patients with an intact gallbladder who did not use
opiates (n = 432), increasing age did not predict CBD diameter (r2 = 0.159, P =
0.873). Height weakly predicted CBD diameter (r2 = 0.561, P = 0.018), but weight,
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body mass index, ethnicity and gender did not.

additional data are available.

CONCLUSION
Opiate use and a history of cholecystectomy are associated with CBD dilation in
the absence of an obstructive process. Age alone is not associated with increased
CBD diameter. These findings suggest that factors such as opiate use and history
of cholecystectomy may underlie the previously-reported association of
advancing age with increased CBD diameter. Further prospective study is
warranted.
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Core Tip: What is current knowledge? Biliary dilation is often related to an obstructing
process. Non-obstructive factors such as age and prior cholecystectomy have also been
associated with biliary dilation. Rates of opiate use have dramatically increased within
the United States over the past two decades. There has also been a dramatic increase in
utilization of cross-sectional abdominal imaging over the past two decades What is
new here. Opiate use is associated with biliary dilation in the absence of an obstructive
process. Increasing opiate use and increasing utilization of imaging are resulting in
increased incidental detection of biliary dilation leading to increased referrals for
endoscopic workup. Contrary to conventionally held views, our study indicates that age
alone is not associated with increased bile duct diameter. Increasing probability of
opiate use and cholecystectomy with advancing age may underlie the previouslyreported association of advancing age with increased bile duct diameter. Height is
weakly associated with increased bile duct diameter, consistent with an organ scaling
effect.

Citation: Barakat MT, Banerjee S. Incidental biliary dilation in the era of the opiate epidemic:
High prevalence of biliary dilation in opiate users evaluated in the Emergency Department.
World J Hepatol 2020; 12(12): 1289-1298
URL: https://www.wjgnet.com/1948-5182/full/v12/i12/1289.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i12.1289

INTRODUCTION
Bile duct dilation is commonly related to an obstructive process such as a stone,
stricture or a mass. However, biliary dilation has also been associated with nonobstructive factors such as advanced age and previous cholecystectomy[1]. The role of
other patient factors such as height, weight, body mass index (BMI), and substance use
in modulating biliary dilation have not been well defined.
The opioid epidemic sweeping across the United States, has resulted in a 3-fold
increase in opiate prescriptions since 1999. Approximately 255.2 million opioid
prescriptions were reported in 2012, corresponding to a staggering 81.3 prescriptions
per 100 United States residents[2,3]. Despite the high prevalence of opiate use in the
United States, the impact of opiates on bile duct diameter remains under-studied. Data
are limited to only a few case series, some of which suggest that opiate use may be
associated with dilatation of the bile duct in the absence of biliary obstruction[4,5].
However, small sample size, and lack of controls have limited the generalizability of
these observations[4-6].
Additionally, perhaps in association with the ongoing national obesity epidemic,
rates of cholecystectomy have increased over time, with over 900000 annual
cholecystectomies currently performed in the United States[7]. Following
cholecystectomy, it is widely accepted that the bile duct increases in diameter[1]. In
1894 Oddi postulated that the bile duct dilates following cholecystectomy so as to
serve as a reservoir of bile—the pressure of which must then overcome the biliary
sphincter pressure to enable bile to flow into the intestine[8]. Despite the longstanding
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recognition of this phenomenon, systematic evaluations of the impact of
cholecystectomy on bile duct diameter have only emerged over the past 5 years[9]. The
extent to which other patient factors may modulate the occurrence and the degree of
biliary dilation following cholecystectomy remains to be determined.
Studies of the impact of aging on bile duct diameter in adults are similarly limited.
In children, bile duct diameter increases with advancing age in relative proportion to
a child’s growth curve[10]. In adults, some studies with limited sample sizes have
suggested that common bile duct (CBD) diameter gradually increases with age in
healthy adults[1,11,12]; however other studies have not demonstrated this trend[13].
In parallel with the progressively aging population, the ongoing opiate and obesity
epidemics, and the rising rates of cholecystectomy, utilization of cross-sectional
abdominal imaging has more than tripled over the past two decades[14,15]. An
unintended consequence of this escalating utilization of cross sectional imaging is
detection of incidental biliary dilation[14]. At our tertiary care academic endoscopy unit,
over the last decade, we have noted a 5-fold increase in referrals for endoscopic
evaluation of incidentally detected biliary dilation with normal bilirubin in opiate
users. Although the majority of these patients were referred for Endoscopic
Retrograde Cholangiopancreatography (ERCP), we opted to perform endoscopic
ultrasound (EUS) for these patients, as this is a lower risk procedure. However EUS
has not revealed pancreatic or biliary pathology in the vast majority of these patients.
Given the escalating endoscopic burden of this important problem, it would be
informative to determine when biliary dilation is within the range of expected
variation given the clinical context and characteristics of the patient, and when biliary
dilation is more pronounced than would be expected, implying obstructive pathology
which warrants further diagnostic evaluation. We therefore undertook a formal,
controlled study on over 1500 patients to evaluate factors such as opiate use, age,
cholecystectomy status, gender, ethnicity, height, weight and BMI which might predict
increased bile duct diameter in patients with normal liver function tests and no
visualized obstructive process on cross-sectional imaging.

MATERIALS AND METHODS
We utilized an informatics platform, the Stanford Translational Research Integrated
Database Environment (STRIDE) integrated standards-based platform[16]. This
informatics resource consists of integrated components including a clinical data
warehouse, which is based on the HL7 Reference Information Model, with clinical
information on over 2 million pediatric and adult patients cared for at Stanford
University Medical Center since 1995 and an application development framework for
building research data management applications and initiating queries on the STRIDE
platform[16].
Utilizing this STRIDE informatics platform and a retrospective cohort study design,
we evaluated a 20% sample of patients over 18 years of age presenting to our
Emergency Department (ED) for all causes over a 5-year period (2011-2016). We
identified patients who had undergone computed tomography (CT) or magnetic
resonance imaging (MRI) scans of the abdomen with documentation of CBD diameter,
and who had normal bilirubin with no evidence of biliary obstruction on imaging
using our institutional informatics platform. Opiate use status is a mandatory
question for all patients who are cared for in our ED. We extracted opiate use status
responses from the electronic medical record (EMR) for all patients. Gallbladder status,
age, gender, height, weight, BMI and ethnicity were also determined from the EMR.
Student’s t-test was performed using Microsoft Excel 2016 (Microsoft Corporation,
Redmond, WA). Reported p-values are 2-sided, and comparisons attained statistical
significance at P < 0.05. Linear regression analysis was conducted using standard
techniques and categorical age analysis was performed by comparison of
decades. This study was approved by the Stanford University Institutional Review
Board (Protocol No. 41605).

RESULTS
This study included 1685 patients, 46% female and 54% male. There were 867 patients
in the opiate user cohort and 818 in the non-opiate user cohort (mean age = 54.5 years
vs 58.6 years, P = 0.20). Gender did not predict CBD diameter (P = 0.12). Stated
ethnicity was only available for 56% of patients. For patients in whom ethnicity data
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were available, ethnicity did not predict CBD diameter (P = 0.09). Height and weight
data were available for 86% of patients in this sample. Height weakly predicted CBD
diameter (r2 = 0.561, P = 0.018), but weight and body mass index did not (r2 = 0.177, P =
0.29, r2 = 0.210, P = 0.21, respectively).
The mean CBD diameter was significantly higher in opiate users compared to nonopiate users (8.67 mm vs 7.24 mm, P < 0.001, Table 1). The mean CBD diameter was
also significantly higher in patients with a history of cholecystectomy compared to
those with an intact gallbladder (8.98 mm vs 6.72 mm, P < 0.001). The lowest CBD
diameter was evident in patients with an intact gallbladder who did not use opiates,
with sequentially increasing diameters noted in patients with an intact gallbladder
who used opiates, and in those with prior cholecystectomy who did not use opiates,
with the largest mean CBD diameter observed in patients with a history of both
cholecystectomy and opiate use (Figure 1). Gallbladder status appeared to modulate
the effect of opiates on bile duct diameter. Among patients with an intact gallbladder,
opiate users had a CBD diameter that was 43.5% greater than non-opiate users. In
contrast, among patients with a history of cholecystectomy, opiate users had a CBD
diameter that was only 6.5% greater than non-opiate users (Table 1, Figure 1). When 7
mm was used as the threshold for normal bile duct diameter in all patients regardless
of age and cholecystectomy status, 72% of opiate using patients had biliary dilation, as
compared with only 27% of non-opiate using patients (Figure 2).
Importantly, increasing age did not significantly correlate with CBD diameter upon
analysis as a continuous variable (r2 = 0.159, P = 0.873) or across age group categories (
P = 0.217, Figure 3), for the population of patients with an intact gallbladder who did
not use opiates (n = 432). Increasing age weakly predicted (r2 = 0.439, P = 0.027)
increased CBD diameter in patients with a history of opiate use and/or a history of
cholecystectomy (n = 1356). When all patient cohorts were grouped for analysis,
including opiate users and non-users, and patients with and without a history of
cholecystectomy (n = 1685), advancing age very weakly predicted (r2 = 0.306, P = 0.038)
increased CBD diameter when analyzed as a continuous variable and across age group
categories (Figure 3).

DISCUSSION
Prescription and illicit use of opiates has increased dramatically over the last 2
decades, with the emergence and escalation of a nationwide opiate epidemic[2,3]. The
number of cholecystectomies performed annually in the United States has increased by
more than 20%[7], and utilization of abdominal imaging has also increased
approximately 3-fold over the same time period[14]. Age has previously been
considered a factor associated with biliary dilation[1,11,13] and the proportion of the
United States population aged over 65 has progressively increased and is projected to
continue increasing. We therefore sought to evaluate the impact of each of these
parameters on biliary dilation. It has been our impression that these concurrent
phenomena have led to the increasing incidental detection of bile duct dilation in
patients, which in turn is driving increased utilization of invasive, expensive and
potentially risky endoscopic procedures. In our own practice we have noted a 5-fold
increase in referrals for EUS and ERCP over the past decade, for patients with biliary
dilation and a normal total bilirubin. Over 60% of these referrals in 2018 had
concurrent opiate use. A few small previous case series have suggested that opiate use
may be associated with biliary dilation; however, small sample size, study populations
focused on opiate-dependent patients, confounding variables and lack of controls have
limited the generalizability of these observations[4-6].
Our study, the largest conducted to date evaluating the association between opiate
use and bile duct diameter, demonstrates that opiate use is a modulating factor
associated with biliary dilation in the setting of a normal bilirubin. Patients who have
both undergone cholecystectomy and use opiates have the largest CBD diameters
overall. The impact of opiate use on CBD dilation is most striking in patients with an
intact gallbladder. The opiate impact is muted in patients who have undergone
cholecystectomy, perhaps related to a ceiling effect, given the significant pre-existing
dilatory effect of cholecystectomy on the bile duct. We find that height is positively
correlated with CBD diameter, consistent with an organ scaling effect. Our data
indicate that patient weight, BMI, ethnicity and gender are not correlated with bile
duct diameter.
Age has long been held to modulate bile duct diameter—this conventional wisdom
is commonly asserted in radiology and gastroenterology textbooks. A standard
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Table 1 Common bile duct diameter varies with opiate use and cholecystectomy status
Cholecystectomy status

Non opiate users, mean (SD) CBD diameter in mm

Opiate users, mean (SD) CBD diameter in mm

P value

All patients

7.24 (2.28), n = 818

8.67 (1.89), n = 867

P < 0.001

Gallbladder intact (n = 814)

5.58 (1.38), n = 432

8.01 (1.83), n = 382

P < 0.001

Gallbladder absent (n = 871)

8.72 (1.86), n = 386

9.30 (1.72), n= 485

P < 0.001

SD: Standard deviation; CBD: Common bile duct.

Figure 1 Common bile duct diameter varies with gallbladder and opiate use status. Bar graph depicting mean common bile duct (CBD) diameter for
groups categorized by gallbladder status and opiate use. The lowest CBD diameter is seen in patients with an intact gallbladder who did not use opiates, with
sequentially increasing diameters noted in patients with an intact gallbladder who used opiates, and in those with prior cholecystectomy who did not use opiates, with
the largest mean CBD diameter observed in patients with a history of both cholecystectomy. Trendline (red) depicts this trend, error bars depict standard deviation.
Calipers indicate percentage change between the means of indicated categories. GB: Gallbladder; CCY: Cholecystectomy.

Figure 2 Percentage of patients with biliary dilation. Bar graph depicting proportion of all patients, regardless of age and cholecystectomy status, with
biliary dilation when 7 mm was used as the threshold for normal bile duct diameter. With this threshold of normal bile duct diameter, 72% of opiate using patients had
biliary dilation, as compared with only 27% of non-opiate using patients.
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radiology textbook, for example, indicates that an estimate of normal bile duct
diameter at a given age may be roughly derived from considering a 4 mm bile duct
diameter normal at age 40, and assuming a 1 mm increase in bile duct diameter for
each subsequent decade of life[17]. The proposed association between age and CBD
diameter was supported by a few limited studies conducted over 25 years ago, which
concluded that CBD diameter is age-dependent[18-20]. However, a subsequent small
prospective study did not demonstrate this association between age and bile duct
diameter[13]. Our large study has not demonstrated an independent role for age in
modulating CBD diameter in the absence of a history of cholecystectomy or opiate use.
Our data suggest for the first time that other factors which modulate CBD diameter
(cholecystectomy, opiate use) may account for the assertions in previous studies
regarding increasing bile duct diameter with age. Further prospective study of this
association is warranted.
Workup of incidentally detected biliary dilation in opiate users reflects yet another
previously-unrecognized cost of the opiate epidemic. In recent years, cross-sectional
imaging of the abdomen has supplanted abdominal radiography as the most
frequently reimbursed abdominal imaging study[15]. Integrated health care systems and
Medicare data demonstrate that for every 100 Medicare beneficiaries, over 50 CT
scans, 50 abdominal ultrasounds and 15 abdominal MRIs are performed annually[21,22].
A subset of these patients undergo this imaging for evaluation of non-specific
abdominal pain for which they may be prescribed opiates and may potentially then
develop associated biliary dilation. Incidental findings from these imaging studies
may then result in a cascade of healthcare expenses related to additional studies,
diagnostic workup, procedures and ongoing surveillance, each with associated patient
anxiety and the potential for adverse events[14].
In this era of escalating health care costs, our study indicates that the detection on
imaging of incidental bile duct dilation without a visualized obstructing process in
known opiate users with normal liver function tests may not require expensive and
potentially risky endoscopic evaluation. However, the complexity of the problem of
incidentally detected biliary dilation must also be acknowledged. The rising rates of
Non Alcoholic Fatty Liver Disease (NAFLD) and increased rates of statin utilization in
the United States population result in associated liver function tests (LFT)
abnormalities in up to 20% of NAFLD patients[23-25] and around 3% of statin users[26,27].
LFT abnormalities in these and in similar scenarios will impact the workup of patients
referred for workup of incidental biliary dilation.
Additionally, valid concerns of referring and consulting physicians should be
acknowledged. Sensitivity for detection of pancreatic adenocarcinoma, ranges from
76%-96% for CT[28-35] and from 83%-93.5% for MRI[30-35], with higher sensitivity
corresponding with larger masses[31,33,35]. Additionally, in 5.4%-18.4% of patients with
pancreatic malignancy, the lesion is isoattenuating relative to the background
pancreas, with smaller lesions more likely to be isoattenuating[36-39]. Furthermore,
cholangiocarcinoma, another concerning potential etiology of biliary obstruction and
resultant dilation, often does not present as a mass on cross-sectional imaging and may
be only partially occlusive, with incipient obstruction resulting in biliary dilation
before significant LFT abnormalities develop[40-42]. Taken together, these limitations of
cross sectional imaging, and the implicit potential for missed malignant lesions,
prompt referring physicians to request additional evaluation for patients with
incidental biliary dilation and biliary specialists to proceed with additional endoscopic
evaluation.
Limitations of this study include its retrospective nature, reliance on data from the
electronic medical record and reliance on reports from multiple radiologists for
documentation of bile duct diameter. However, the large sample size should
neutralize these effects. Due to limitations in opiate type, duration and use pattern
details included within the electronic medical record, it was not possible to associate
these parameters with CBD diameter. Prospective study of these phenomena would be
informative to construct recommendations for when endoscopic evaluation of biliary
dilation is most appropriate in the setting of these study limitations.

CONCLUSION
In conclusion, our data indicate that opiate use is associated with bile duct dilation in
the absence of an obstructive process. We confirm that a history of prior
cholecystectomy is associated with increased CBD diameter. We demonstrate that, in
adult populations, height positively correlates with CBD diameter. Finally, we
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Figure 3 Overall (all groups combined), age weakly predicts common bile duct diameter, suggesting that cholecystectomy status and
opiate use may be more common in older individuals and this may be driving previously-described associations between age and biliary
dilation. A: Advancing age weakly predicts increased CBD diameter in all patient groups combined; B: Age is not predictive of CBD diameter in patients with an
intact gallbladder who do not use opiates.

demonstrate that advancing age does not independently predict a larger CBD
diameter in our analysis, and previously-reported associations of advancing age with
larger CBD diameter may be attributable instead to other variables such as
cholecystectomy and opiate use. Our data suggest that incidentally detected biliary
dilation without a visualized obstructive process in the setting of normal bilirubin in
known opiate users may not require expensive and potentially risky endoscopic
evaluation.

ARTICLE HIGHLIGHTS
Research background
Bile duct dilation is often related to an obstructive process such as a stone, stricture or
a mass. The role of other patient factors such as height, weight, body mass index, and
substance use in modulating biliary dilation have not been well defined.

Research motivation
In the past two decades, both opiate use/dependence and utilization of cross-sectional
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abdominal imaging have sharply increased. We have noted an increase in referrals to
our academic tertiary care medical center for incidentally detected biliary dilation,
particularly in patients who use opiates.

Research objectives
Our goal was to evaluation associations between opiate use, age, cholecystectomy
status, ethnicity, gender, and body mass index to understand how these factors may be
related to biliary dilation.

Research methods
We evaluated associations between opiate use, age, cholecystectomy status, ethnicity,
gender, and body mass index utilizing our institution’s integrated informatics
platform. We evaluated 1685 Emergency Department patients (a 20% sample from
2011-2016) who had undergone cross-sectional abdominal imaging and had normal
total bilirubin.

Research results
Diameter of the common bile duct was significantly higher in opiate users compared
to non-opiate users (8.67 mm vs 7.24 mm, P < 0.001) and in patients with a history of
cholecystectomy compared to those with an intact gallbladder (8.98 vs 6.72, P < 0.001).
For patients with an intact gallbladder who did not use opiates (n = 432), increasing
age did not predict common bile duct (CBD) diameter (r2 = 0.159, P = 0.873).

Research conclusions
A history of cholecystectomy and opiate use are associated with common bile duct
dilation in the absence of an obstructive process. Age alone does not appear to be
associated with increased common bile duct diameter.

Research perspectives
These findings suggest that factors such as opiate use and history of cholecystectomy
may underlie the previously-reported association of advancing age with increased
CBD diameter. Future prospective study would be desirable to expand upon these
findings.
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Abstract
BACKGROUND
The implementation of nutritional strategies targeting several variables at once
could benefit patients with cirrhosis. Non-alcoholic beer has different compounds
that exert antioxidant, anti-inflammatory and nutritional properties.
AIM
To evaluate the effect of diet + exercise and non-alcoholic beer on nutritional
status, endothelial function and quality of life in patients with cirrhosis.
METHODS
In this randomized open clinical trial, patients with cirrhosis were randomized
into two groups: The intervention (non-alcoholic beer + diet + exercise) and
control (water + diet + exercise) group. Treatment consisted of 330 mL nonalcoholic beer/day or the same amount of water, plus an individualized dietary
plan and an exercise program with a pedometer-based bracelet to reach at least
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5000 steps/d and > 2500 above the baseline during 8 wk. Endothelial function
(flow-mediated dilation, plethysmography), biochemical and nutritional variables
and quality of life (CLDQ) were evaluated.
RESULTS
Forty-three patients were included in the study, 21 in the control group and 22 in
the intervention group. The mean age was 53.5 ± 7.8 years, 60% were women, the
median MELD score was 8 (7-10) and most patients were Child-Pugh A (88%).
Adherence to the interventions was > 90% in both groups, there were no adverse
events and all biochemical parameters remained stable in both groups.
Endothelial function improved in both groups. All measured nutritional
parameters improved in the intervention group, compared to only 2 in the control
group and quality of life improved in both groups; however, more domains
improved in the intervention group.
CONCLUSION
The intervention consisting of non-alcoholic beer, diet and exercise seems to be
safe and well tolerated in patients with cirrhosis, and shows improvement in
nutritional status, endothelial function, and quality of life. These results need to be
further confirmed.
Key Words: Hops; Portal hypertension; Sarcopenia; Diet; Cirrhosis; Antioxidants
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Malnutrition is a frequent complication in patients with cirrhosis and it is
associated with adverse outcomes. Diet and physical exercise are strategies that have
shown a beneficial effect on nutritional status. On the other hand, non-alcoholic beer
has several nutrients including vitamin B, minerals and flavonoids that make it an
attractive "functional" supplement for patients with cirrhosis. The present study
evaluated the effect of a multifactorial intervention that included diet, exercise and
non-alcoholic beer, showing that it is safe and well tolerated. This intervention showed
improvement in endothelial function, quality of life and nutritional status including
muscle mass.
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INTRODUCTION
Liver cirrhosis is a frequent disease, leading to poor quality of life and representing the
13th most common cause of death globally[1,2]. Most of the complications in cirrhosis
arise from the development of portal hypertension, including ascites, variceal
hemorrhage, hepatorenal syndrome and hepatic encephalopathy[2-4].
Malnutrition is a frequent complication in patients with cirrhosis, being present in
up to 40%-90% of the population during the evolution of the disease[5]. Malnutrition
involves different clinical manifestations, including sarcopenia and cachexia, having
higher prevalence in the late stages of cirrhosis[5-8]. One of the most important facts
regarding malnutrition in cirrhosis, is its association with mortality and the
development of other complications, such as hepatic encephalopathy[9,10]. Therefore,
any intervention aimed at improving the nutritional status could be helpful in the
outcome in patients with cirrhosis and portal hypertension[11].
Nutritional therapy in patients with cirrhosis includes both the implementation of
diets and physical exercise programs[12-16]. General recommendations of nutritional
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therapy are focused on providing a sufficient and non-restricted energy and protein
supply, together with a high amount of fiber[17,18]. Other useful recommendations in
this population include frequent meals and nocturnal supplementation with different
nutrients, as well as the use of branched-chain amino acids (BCAAs)[19-22]. Nutritional
supplementation with BCAAs has been extensively studied, and its benefits in patients
with cirrhosis are widely recognized, specifically targeting protein metabolism[17,23-26].
However, implementation of this nutritional strategy is sometimes difficult due to
various factors, including availability and tolerability, as well as high cost. The lack of
other options in the different clinical settings, considering the factors mentioned
above, renders mandatory searching for other options that could be helpful in the
nutritional management of these patients.
On the other hand, non-alcoholic beer has several nutrients derived from its
ingredients (yeast, xanthohumol and hops), including vitamin B, minerals and
flavonoids[27], rendering it an attractive nutritional supplement in patients with
cirrhosis. In addition to these effects, non-alcoholic beer has been shown to beneficially
modify gut microbiota diversity[28], it also improves endothelial function and oxidative
stress[29], and has been used in different clinical settings, including breastfeeding, and
post-exercise rehydration among others[30,31]. Therefore, non-alcoholic beer can be
regarded as a “functional” supplement. Physical exercise has proven to be a safe and
effective intervention in cirrhosis, providing several benefits, for instance,
improvement in nutritional status, quality of life and portal pressure[16,32,33].
Considering all the previous evidence, the use of a multifactorial intervention,
including diet, exercise and a non-alcoholic beer as a supplement could be of benefit in
patients with cirrhosis and portal hypertension, influencing the different components
of malnutrition in this population. Therefore, the aim of this study was to evaluate the
effect of a multifactorial intervention, with diet, exercise and non-alcoholic beer on
nutritional parameters, endothelial function, quality of life and safety in patients with
cirrhosis and portal hypertension.

MATERIALS AND METHODS
Patients and methods
This was a randomized open-clinical trial, performed at a third level center in Mexico
City from March 2015 to September 2018 (Instituto Nacional de Ciencias Médicas y
Nutrición Salvador Zubirán). The study protocol was approved by the local Research
and Ethics Committee at the institution and registered at ClinicalTrials.gov. It was
designed and conducted according to the principles of the Declaration of Helsinki and
all patients signed the informed consent before study inclusion.

Inclusion criteria
The inclusion criteria were: (1) Patients with liver cirrhosis established by liver biopsy
or the presence of markers of dysfunction in hepatocyte synthesis and portal
hypertension (esophageal varices on endoscopy, ascites and other compatible features
on ultrasonography); and (2) Patients aged 18-70 years.

Exclusion criteria

manuscript

Patients with the following characteristics were excluded: (1) Genetic liver disease
(hemochromatosis and Wilson´s disease); (2) Alcoholic liver disease (including current
alcohol intake); (3) History of cancer (including hepatocellular carcinoma); (4) Systemic
inflammatory response syndrome; or (5) Decompensation during the past 6 wk.

Specialty type: Gastroenterology

Intervention

and hepatology

Patients were randomized into 2 groups: (1) Control (diet + exercise + water); and (2)
Intervention (diet + exercise + non-alcoholic beer). Randomization was carried out in
blocks of 6 patients, using the web-based page randomization.com, and concealment
was done with sequentially numbered, opaque, and sealed envelopes.
Randomization, enrollment, and assignment of patients to the groups were
performed by different members of the study team.
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Diet: Caloric intake was calculated using the Harris-Benedict equation to estimate the
resting metabolic rate (RMR) plus 10% of the thermic effect of food and in addition,
20% of calories were added in order to prevent the catabolic effect of exercise. The
proportion of macronutrients included was 60% of carbohydrates, 1.3-1.5g of
protein/kg body weight/d, and the rest from lipids. Finally, sodium intake was
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restricted (60-90 mEq/d or 1.5-2 g/d of salt) in patients with ascites or edema.
In terms of distribution, 60% of the total caloric intake was obtained from
carbohydrates of which 50% were complex carbohydrates, protein was calculated as
1.3-1.5g of protein/kg body weight/d, and the distribution of proteins was 50%
vegetable protein and 50% animal protein, and the remaining calories were derived
from fat, with less than 10% of saturated fat and 5%-15% of unsaturated fat.
The dietary plan was calculated according to the individual caloric requirement of
each patient, with the same macronutrient distribution, as stated in the ESPEN
guidelines. The plan was created and prescribed by a trained nutritionist specialized in
the field of hepatology and liver transplantation.
The patients received a dietary plan based on exchangeable food sources, where
they received the permitted portions of each food group according to the Mexican
System of Equivalent Foods (SMAE), the food groups are vegetables, fruits, cereals
(with and without fat), legumes, animal-origin foods (with different amounts of fat),
milk, fats/oils (with and without protein) and sugars (with and without fat). The
dietary plan included a list of all the permitted foods in each food group and the
patients were only allowed to eat the food that was listed.
The foods that were excluded from the list were those normally excluded from the
diet in patients with chronic liver disease; mainly, canned foods, cold meats such as
sausages, ham, salami, etc., high fat meat, high fat dairy, and overly processed drinks.
Exercise: For the physical exercise program, each patient received a physical activity
tracker, in the form of a bracelet-based accelerometer, able to measure the number of
steps (i.e., functioning as a pedometer, PolarLoop, POLAR, Finland). During the 10-wk
period of the study, the patients were allocated to a program that included the
following: (1) Educational session: The first intervention that the patients received
(both groups), was a 15-min presentation on general information related to cirrhosis
and its complications, as well as the benefits, the indications and contraindications of
physical exercise and non-alcoholic beer; (2) In the first 2 wk, the participants received
a training program in order to learn how the device works and the appropriate use of
the activity monitor tracker, as well as the correct record of the baseline physical
activity in each patient, before starting the intervention; and (3) In the remaining 8 wk,
the patient gradually increased their baseline physical activity, aiming to reach > 2500
steps/d above the average baseline level and a total number of steps of 5000/d.
Intensity of exercise was set using the Borg Scale of perceived exertion (scale from 6 to
20), and each patient was trained to reach a target intensity of 10-12 (corresponding to
light to moderate intensity and from 3 to 3-6 metabolic equivalents (METs))[34]. For
training, we used a long hallway with a flat surface (Supplementary Figure 1) allowing
the patient to use the monitor, learn how it works and how to reach the intensity of
exercise through a chart depicting the required level of effort (Borg scale,
Supplementary Figure 2). There should be no differences in exercise prescription
between men and women according to the guidelines[34,35]. Nutritional requirements
were adjusted according to sex.
Non-alcoholic beer nutritional supplementation: Each patient in the intervention
group received 1 can (330 mL) of non-alcoholic beer daily (O´Doul´s®, St. Louis, MO,
United States), which was indicated to be consumed together with food during lunch,
for 8 wk. Caloric and nutritional intake derived from the non-alcoholic beer (0.4%
alcohol, 90 kcal/350 mL, 0 g fat, 18 g carbohydrates/350 mL, 1.9 g protein/350 mL),
was included in the daily caloric intake mentioned previously (detailed information
regarding the components and ingredients of the non-alcoholic beer are shown in
Supplementary Material Appendix 1). The control group received a 330 mL bottle of
water, in order to control the possible adverse events resulting from the increased fluid
intake.

Follow up during the study
Patients were followed for 10 wk (2 wk to determine the baseline physical activity and
to adapt to the monitoring device, and 8 wk of intervention), they were evaluated
onsite at weeks -2, 0, 4 and 8. In each visit, adverse events, vital signs and nutritional
variables were evaluated, as well as adherence to the diet/exercise program and nonalcoholic beer/water consumption by counting the empty cans or water bottles that
patients were asked to take back to the center.
At baseline and final evaluations, biochemical tests (liver function tests, serum
electrolytes, creatinine, glucose, complete blood count and international normalized
ratio (INR)) were performed in every patient, according to the standards of the central
laboratory in our institution.
WJH
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Outcome measurements
Nutritional status: At baseline evaluation, weight and height were measured and later
weight at each subsequent visit.
Bioimpedance analysis (BIA) was performed using a monofrequency device at 50
kHz (RJL systems, Quantum IV), at baseline and final evaluations, after an overnight
8-h fasting period, with an empty bladder and removing any metal objects the patient
may be carrying. After placing four electrodes, two in the right hand and two in the
right foot, the measurement was performed to obtain resistance (R), reactance (Xc) and
phase angle (PhA). Malnutrition was considered when PhA was below 4.9° as
previously validated and standardized in patients with cirrhosis[36].
Anthropometry was performed at baseline and final evaluations, including arm
circumference, mid-arm circumference (MAC), triceps skinfold thickness, thigh and
calf circumferences, and handgrip strength.
Triceps skinfold thickness (TST) was measured on the non-dominant arm to the
nearest mm using a Harpenden caliper and mid-arm circumference was measured on
the non-dominant arm to the nearest 0.1 cm with a non-stretchable measuring tape.
Mid-arm muscle circumference (MAMC), was calculated from the MAC and the TST
using the formula MAMC (mm) = MAC (mm) - (3.14 TST in mm). Subjects were
considered malnourished when TST and/or MAMC were below the 5th percentile.
Handgrip strength (HGS) was measured with the patient seated using a Jamar
handgrip dynamometer (Patterson Medical, Warrenville, IL, United States).
Measurements were made according to the manufacturer’s instructions and recorded
to the nearest kg.
Quality of life: Quality of life was assessed with the chronic liver disease
questionnaire (CLDQ), and the 36-item short form health survey (SF-36) in all the
participants before and after completion of the study.
Neurocognitive function: At baseline and final evaluations, both the psychometric
hepatic encephalopathy score (PHES) and critical flicker frequency (CFF, Hepatonorm
Analyzer R&R Medi-Business Freiburg, Freiburg, Germany), were performed in all the
participants.
Endothelial function: Endothelial function was measured using plethysmography.
While the patient was sitting, the baseline plethysmography wave was recorded for 30
s, and thereafter ischemia was induced by insufflating an upper arm blood pressure
cuff 30 mmHg above the systolic pressure for 5 min. Finally, a new wave was recorded
for 120 s after deflating the arm cuff (post-ischemia wave). Every 30 s the
plethysmography wave was recorded and contrasted with the baseline wave, and the
maximal amplitude time (MAT) and the total time (TT) of the wave were calculated.
Endothelial dysfunction was considered when the value of the MAT/TT ratio was <
30, as has been described previously[37]. The person who performed the study was
unaware of the group status of the patient.

Statistical analysis
Sample size was estimated according to a previous study in patients with cirrhosis
allocated to a physical exercise program, where nutritional status evaluated through
BIA derived-phase angle, showed an improvement after exercise, from a baseline of
5.8º ± 0.89 to 6.0º ± 0.81 at the end of the study[33]; this difference was 0.2º ± 0.89 (3.4%),
and for the present study a total change of 10% was expected (Δ = 0.58). Finally, with α
y β error of 0.05 and 0.2, and a drop out of 10% the final number was 21 patients per
group.
Normality of the data was evaluated with the Shapiro-Wilk test. Data are presented
as mean ± SD, median (P25-P75) or frequencies. Results at baseline and final
evaluations in each group (paired data) were analyzed with the Wilcoxon signed-rank
test. For comparisons between groups, the Mann-Whitney U or Student´s t-test was
used. Areas under the curve (AUC) were constructed with the repeated values (time
0’, 30’, 60’, 90’ and 120’), of the MAT/TT ratio obtained at baseline and final
evaluations. In this analysis, only those patients receiving at least 1 d of intervention
were included (modified intention to treat, mITT). Finally, to control for baseline
differences, ANCOVA was performed. Statistical analysis was carried out with the
package software SPSS version 20.0 (Armonk, NY, United States) and figures were
created using GraphPad Prism 5.
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RESULTS
In total, 44 patients were included in the study (21 in the control group and 23 in the
multifactorial intervention) (Figure 1). Only 1 patient in the intervention group was
lost during follow-up. The final analysis included 21 patients in the control group, and
22 in the intervention group (mITT).
In the total population, most of the patients were women (60.5%), mean age was
53.5 ± 7.8 years, and the main etiologies of cirrhosis were hepatitis C infection (32.6%),
autoimmune hepatitis (20.9%) and non-alcoholic fatty liver disease (NAFLD) (18.6%).
All patients were Child-Turcotte-Pugh (CTP) A (88.4%) and B (11.6%), with a median
CTP score of 5 (5-6) and model for end-stage liver disease (MELD) score of 8 (7-10).
The only baseline difference in biochemical parameters was a higher alkaline
phosphatase level in the intervention group (P = 0.039) (Table 1). There were no
differences between the groups regarding severity of disease, presence of
complications or age.
The exercise program was successful in both groups, reaching an increase of almost
3000 steps/d after the intervention (P < 0.001 in both groups). In the biochemical
parameters, only a mild improvement in transaminases and an increase in the number
of platelets were observed in the control and intervention group, respectively. The
remaining parameters such as the liver function tests, as well as creatinine, glucose,
and serum electrolytes, showed no change compared to their baseline values (Table 2).
Of the subjects with endothelial dysfunction at the beginning of the study, in the
control group 8 of 11 (72.7%) patients improved endothelial function at the end of the
study, and 5 of 6 patients (83.3%) in the multi-intervention group. This change was
significant in both groups (P < 0.001) (Figure 2).
Endothelial function was further evaluated by the AUC of the MAT/TT ratio and an
improvement was also seen in both groups; however, the behavior of the curves was
different among groups (Table 3).
Figure 3 shows the changes in the MAT/TT ratio at baseline and final evaluations.
Regarding the baseline evaluation, the behavior of the curve (repeated measurements
over time) was similar in both groups, both showing higher MAT/TT ratio at time 120’
compared to time 0’, although a higher MAT/TT ratio was observed in the control
group at time 0’. In terms of the final evaluation (end of interventions) a steadier curve
was observed in the group receiving non-alcoholic beer, as well as a return to the time
0 values, showing better endothelial function, which was not observed in the control
group.
Hemodynamic variables including heart rate, diastolic, systolic, and mean arterial
pressure remained stable throughout the study (Table 3).
One of the most important results in this study was the improvement in nutritional
status, where several nutritional markers (thigh circumference, HGS and sit-to-stand
test), improved after the multifactorial intervention, compared to an increase only in
the sit-to-stand test in the control group (Table 4). Adherence to the diet was evaluated
at each visit, and it was found that in both groups adherence to the diet was > 90% in
the first month, and > 95% in the following weeks. There was no statistical difference
in the raw value of MAMC, but when this parameter was analyzed by the diagnosis of
malnutrition with percentiles, a significant improvement was observed in the
intervention group (P = 0.045) (Figure 4). There was a trend showing a more frequent
improvement in PhA in the intervention group, where 63.6% of the patients receiving
non-alcoholic beer had an improvement, compared to 47.6% of patients that did not
receive non-alcoholic beer (P = 0.290, for the difference between the groups).
Almost all the individual components, as well as the overall score of the quality of
life CLDQ score, improved after the intervention in the group that received nonalcoholic beer, compared to only minor changes in the control group (Table 5). Finally,
in the SF-36 there was an improvement in the physical function role in both groups, in
the general health role in the control group and in the vitality role in the multifactorial
intervention group. Globally, the improvement in quality of life was higher in the
group receiving non-alcoholic beer.
In order to adjust for baseline differences among the groups, ANCOVA was also
performed, controlling for baseline MAMC, number of steps, AUC for endothelial
function, PhA, HGS, sit-to-stand test, and CLDQ (global score). The main results,
including PhA, remained significant after adjustment for these baseline variables (
Supplementary Material Appendix 2).

Adverse events
There were no reported adverse events or side effects derived from the intervention,
this was evidenced by the fact that there were no changes in biochemical tests at the
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Table 1 Baseline characteristics of the study population
All (n = 43)

Control (n = 21)

Intervention (n = 22)

P value

Sex n (%) F/M

26 (60.5)/17 (39.5)

12 (46.2)/9 (52.9)

14 (53.8)/8 (47.1)

0.663

Age (yr)

53.5 ± 7.8

53.7 ± 8.2

53 ± 7.6

0.768

BMI (kg/m2)

29.5 ± 4.2

29.2 ± 3.7

29.8 ± 4.8

0.635

HCV n (%)

14 (32.6)

6 (28.5)

8 (36.4)

0.063

AIH n (%)

9 (20.9)

3 (14.3)

6 (27.3)

NAFLD n (%)

8 (18.6)

5 (23.8)

3 (13.6)

Others1 n (%)

12 (27.9)

7 (33.4)

5 (22.7)

Variceal bleeding

2 (4.7)

2 (9.5)

0 (0)

0.233

Encephalopathy

1 (2.3)

0 (0)

1 (4.5)

0.500

Ascites

5 (11.6)

3 (14.3)

2 (9.1)

0.664

A

38 (88.4)

20 (95.2)

18 (81.9)

0.345

B

5 (11.6)

1 (4.8)

4 (18.1)

Child-Pugh

5 (5-6)

5 (5-6)

5 (5-6)

0.617

MELD score

8 (7-10)

8 (7.5-9.5)

8.5 (7-10)

0.524

TB (mg/dL)

1.19 (0.82-1.95)

1.15 (0.75-1.44)

1.28 (0.85-2.11)

0.284

ALT (U/L)

43 (26-77)

43 (30-86.5)

43.1 (20.75-77)

0.882

AST (U/L)

48 (37-93)

47 (40-80)

50.5 (32-98)

0.881

AP (mg/dL)

142.2 ± 57.7

123.7 ± 44.1

159.8 ± 64.4

0.039

Albumin (g/dL)

4.0 (3.6-4.2)

4.1 (3.8-4.3)

3.9 (3.3-4.1)

0.170

Leukocytes (K/µL)

4.2 (3.7-5.3)

4.0 (3.7-5.15)

4.75 (3.725-5.925)

0.233

Platelets (K/µL)

80 (62-125)

77 (61.5-125)

93.5 (63.5-125)

0.520

Hemoglobin (g/dL)

14.1 ± 1.94

14.2 ± 3.3

14.0 ± 2.4

0.755

INR

1.1 (1.1-1.2)

1.1 (1.1-1.2)

1.1 (1.1-1.2)

0.870

Glucose (mg/dL)

91 (83-103)

94 (83.5-109)

91 (81-100.5)

0.882

Creatinine (mg/dL)

0.72 (0.63-0.80)

0.72 (0.60-0.81)

0.71 (0.64-0.79)

0.892

Sodium (mmol/L)

139 (137-141)

140 (137.5-141)

138 (137-140.2)

0.290

Potassium (mmol/L)

4.08 ± 0.32

4.0 ± 0.37

4.1 ± 0.25

0.198

CO2 (mmol/L)

24 (21-26)

23.0 (21.5-26)

24.5 (21-27.25)

0.518

Etiology of cirrhosis

History of complications [n (%)]

Child-Pugh stage

Biochemical parameters

1

Other etiologies included cryptogenic, primary biliary cholangitis and overlap syndrome (HAI/CBP). Data reported as mean ± standard deviation or
median (p25-p75), according to the distribution of the data, or absolute frequency (percentage %). BMI: Body mass index; HCV: Hepatitis C virus; AIH:
Autoimmune hepatitis; NAFLD: Non-alcoholic fatty liver disease; TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
AP: Alkaline phosphatase; INR: International normalized ratio.

end of the intervention in either group, or worsening quality of life specifically of
abdominal symptoms.

DISCUSSION
Nutritional status in cirrhosis has a central role in the prognosis of the disease,
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Table 2 Changes in clinical and biochemical parameters
Control (n = 21)

Intervention (n = 22)

Baseline

Final

P value

Baseline

Final

P value

Number of daily steps

8718 ± 2998

11391 ± 4298

0.000

8533 ± 4072

11142 ± 4055

0.000

PHES score

-1 ± 2.2

0 ± 2.2

0.130

-1 ± 2.1

0 ± 2.3

0.179

CFF (Hz)

43.9 ± 7.1

45.5 ± 5.8

0.238

44.5 ± 8.1

47.2 ± 6.4

0.174

TB (mg/dL)

1.15 (0.75-1.44)

1.12 (0.85-1.28)

0.985

1.28 (0.85-2.11)

1.13 (0.8-1.865)

0.068

ALT (U/L)

43 (30-86.5)

41 (23.5-71)

0.024

43.1 (20.75-77)

36 (20.25-67.5)

0.198

AST (U/L)

47 (40-80)

45 (29.5-53.5)

0.015

50.5 (32-98)

44 (28-75.75)

0.035

Alkaline phosphatase
(U/L)

123.7 ± 44.1

105 (79.50-139)

0.408

159.8 ± 64.4

159.9 ± 79.3

0.988

Albumin (g/dL)

4.1 (3.8-4.3)

4 (3.75-4.2)

0.668

3.9 (3.3-4.1)

3.9 (3.475-4.3)

0.501

Leukocytes (K/µL)

4.0 (3.7-5.15)

3.9 (3-5)

0.984

4.75 (3.725-5.925)

4.9 (3.62-6.1)

0.515

Platelets (K/µL)

77 (61.5-125)

75 (59-106.5)

0.278

93.5 (63.5-125)

107 (78.5-150.25)

0.046

Hemoglobin (g/dL)

14.2 ± 3.3

14.17 ± 1.52

0.968

14.0 ± 2.4

14.25 ± 2

0.834

INR

1.1 (1.1-1.2)

1.1 (1.1-1.2)

0.414

1.1 (1.1-1.2)

1.1 (1.0-1.2)

0.166

Glucose (mg/dL)

94 (83.5-109)

88 (82-108)

0.145

91 (81-100.5)

87.5 (84.75-96.25)

0.615

Creatinine (mg/dL)

0.72 (0.60-0.81)

0.71 (0.6-0.84)

0.403

0.71 (0.64-0.79)

0.70 (0.62-0.79)

0.723

Na (mmol/L)

140 (137.5-141)

140 (139-141.5)

0.118

138 (137-140.2)

140 (138.5-141)

0.061

K (mmol/L)

4.0 ± 0.37

4.16 ± 0.38

0.195

4.1 ± 0.25

4.2 ± 0.37

0.078

CO2 (mmol/L)

23.0 (21.5-26)

24.0 (22-26)

0.850

24.5 (21-27.25)

24 (22.95-26.15)

0.304

Data reported as mean ± standard deviation, or median (p25-p75), according to the distribution of the data. PHES: Psychometric hepatic encephalopathy
score; CFF: Critical flicker frequency; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio.

Table 3 Endothelial function and hemodynamic variables
Control (n = 21)

P value

Baseline

Final

AUC

103.13 (92.55-107.15)

93.15 (86.53-99.61)

Systolic pressure (mmHg)

120 (110-130)

Diastolic pressure (mmHg)

Intervention (n = 22)

P value

Baseline

Final

0.021

98.04 (92.17-102.35)

93.62 (85.06-99.60)

0.046

120 (120-129)

0.418

120 (110-120)

113 (110-120)

0.513

80 (60-80)

80 (60-80)

0.862

70 (67.5-80)

70 (60-80)

0.385

Mean arterial pressure

90 (76.693.3)

93.3 (78.3-96)

0.729

86.6 (82.5-93.3)

83.3 (76.6-90.5)

0.385

Heart rate (bpm)

62 (60-72.7)

63 (60.25-80)

0.079

69 (61.5-75.2)

67 (61.5-71.25)

0.235

Data reported as median (p25-p75). AUC: Area under the curve.

influencing both mortality (i.e., it has been associated with mortality) and the
development of cirrhosis-related complications[38]. Therefore, any intervention able to
positively modify malnutrition in patients with cirrhosis deserves special attention. In
the present work, we studied the effect of a multi-level nutritional intervention,
including diet, exercise, and non-alcoholic beer, in the nutritional status of patients
with cirrhosis.
Even though there are studies addressing the effect of exercise and diet in
cirrhosis[16,32], this is the first study showing the effect of adding a cheap, easy to access
and consume and rational-based nutritional supplement (i.e., non-alcoholic beer).
Although BCAA supplements play an important role in the nutritional management of
patients with advanced cirrhosis[11], their use is limited in some clinical settings due to
availability and cost, as well as poor palatability and gastrointestinal symptoms such
as bloating, nausea and abdominal pain[39,40]. On the other hand, non-alcoholic beer has
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Table 4 Changes in nutritional parameters at baseline and final evaluation
Control (n = 21)

P value

Baseline

Final

Phase angle

6.0 ± 0.7

5.9 ±0.6

MAMC (cm2)

24.1 ± 3.1

TST (mm)

Intervention (n = 22)

P value

Baseline

Final

0.427

5.8 ± 0.7

5.9 ± 0.7

0.198

23.9 ± 3.5

0.462

23.5 ± 3.4

23.6 ± 3.9

0.783

25.5 ± 7.9

24.7 ± 4.5

0.397

26.6 ± 6.7

26.9 ± 6.3

0.782

Thigh circumference (cm)

53.1 ± 6.5

52.9 ± 7.0

0.758

51.7 ± 6.4

53.1 ± 4.6

0.033

Handgrip strength (kg)

19.9 ± 11.5

21 ± 11.2

0.121

18.1 ± 10.3

19.9 ± 10.5

0.048

Sit-To-Stand test (s)

24.2 ± 4.4

20.9 ± 6.9

0.001

23.3 ± 3.9

21.0 ± 6.2

0.045

Data reported as mean ± standard deviation. MAMC: Mid-arm muscle circumference; TST: Triceps skinfold thickness.

Table 5 Changes in quality of life
Control (n = 21)

P value

Baseline

Final

Abdominal symptoms

5.4 ± 1.3

5.2 ± 0.8

Fatigue

4.7 ± 1.1

Systemic symptoms

Intervention (n = 22)

P value

Baseline

Final

0.592

5.0 ± 1.5

5.1 ± 1.2

0.982

5.2 ± 0.8

0.063

4.2 ± 1.2

5.1 ± 1.2

0.000

5.6 ± 1.0

5.6 ± 0.9

0.892

4.3 ± 1.2

5.0 ± 0.9

0.002

Activity

5.3 ± 1.2

5.3 ± 1.3

0.892

4.8 ± 1.2

5.5 ± 1.2

0.028

Emotional function

4.9 ± 0.9

5.3 ± 1.1

0.056

4.3 ± 1.3

5.3 ± 1.0

0.000

Worry

5.1 ± 1.1

5.3 ± 1.1

0.521

4.3 ± 1.8

5.2 ± 1.8

0.002

CLDQ overall score

5.2 ± 0.8

5.4 ± 0.9

0.204

4.6 ± 1.0

5.3 ± 0.8

0.001

Physical function

80 (70-90)

95 (80-95)

0.005

72.5 (65-95)

87.5 (70-95)

0.007

Physical role

75 (25-100)

100 (50-100)

0.166

62.5 (25 -100)

75 (25-100)

0.468

Body pain

84 (66-90)

84 (72-90)

0.341

78 (61-84)

78 (60-84)

0.725

General health

40 (37-47)

47 (35-52)

0.044

40 (25-55)

42 (32-52)

0.375

Vitality

65 (50-70)

70 (60-75)

0.453

62.5 (50-75)

70 (50-80)

0.037

Social function

100 (75-100)

88 (75-100)

0.875

75 (63-100)

88 (75-100)

0.080

Emotional role

67 (33-83)

67 (33-67)

0.972

67 (33-72)

67 (33-67)

0.752

Mental health

72 (68-84)

84 (64-88)

0.868

76 (64-84)

82 (68-92)

0.073

CLDQ questionnaire

SF-36 questionnaire

Data reported as mean ± standard deviation, or median (p25-p75), according to the distribution of the data. CLDQ: Chronic liver disease questionnaire; SF36: 36-item short form health survey.

different compounds that can be useful in the nutritional management of patients with
cirrhosis, and it is an attractive way of providing these compounds in those patients
who usually have a limited variety of food. These were the main reasons for exploring
the use of non-alcoholic beer in this population, together with a personalized diet and
exercise, and involving a multidisciplinary group, as recommended in the
guidelines[11].
First of all, the exercise program was created to be easy to follow, specifically by
using pedometer-based bracelets to monitor exercise, and it was well understood and
well implemented by the patients in both groups, allowing them to successfully reach
the aimed number of steps per day (at least > 2500 per day above the baseline level),
with an adherence > 90%. This is especially important because in this study, one of the
main concerns was to provide a completely outpatient multifactorial approach,
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Figure 1 CONSORT enrollment diagram.

Figure 2 Changes in endothelial dysfunction at baseline and final evaluations. The figure shows the percentage of patients with endothelial
dysfunction at baseline and final evaluation.

including an effective exercise program, in order to broaden the use of such an
intervention in different clinical settings, and daily life, and therefore not limiting its
use only into a very specialized research setting as has been shown in different
studies[16,33].
Endothelial dysfunction has a central role in the pathophysiology of portal
hypertension[41], thus interventions aimed to improve it have been the focus of
treatment and research in cirrhosis. In the present study, an improvement in
endothelial function was found in both groups, as a consequence of physical exercise.
While these effects are expected after physical exercise, the complete picture of the
benefits associated with the consumption of non-alcoholic beer, seems to bring
additional benefits and enhance exercise performance, including nutritional status and
body composition, as well as improvement in quality of life.
Several markers of nutritional status improved, which is the expected change for an
effective program with exercise and diet, as has been previously demonstrated in
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Figure 3 Area under the curve showing the behavior of endothelial function at baseline and final evaluations in the two groups. A: Control;
B: Intervention. Data are presented as median (IQR). MAT: Maximal amplitude time; TT: Total time.

Figure 4 Changes in mid-arm muscle circumference percentile throughout the study. Data are presented as mean percentile ± SD. MAMC: Mid-arm
muscle circumference.

several studies in cirrhotic populations[16,32]. However, the most prominent findings
were observed in the group receiving non-alcoholic beer, where 3 important
parameters of nutritional status (thigh circumference, HGS and sit to stand test)
improved, compared to only the sit to stand test in the control group. In addition,
more patients allocated to the group with non-alcoholic beer had an improvement in
the phase angle, although no statistical difference was reached (P = 0.290). The overall
results for nutritional status suggest a benefit for non-alcoholic beer, and, specifically
addressing the results of the improvement in the non-alcoholic beer group, it is
important to mention that being able to possibly modify the circumference of the thigh
is of great relevance and taken together with the improvement of the two tests
evaluating muscle function we can conclude that the intervention targeted the main
issues of sarcopenia which is the amount of muscle and its function.
There are various reasons that can explain why non-alcoholic beer had an additive
effect in these patients: Improvement in gut microbiota, and palatability of the meals
(thus improving dietary intake); Better hydration and higher content of minerals,
improving muscle function and therefore facilitating exercise performance; and The
amount of micronutrients including vitamin B12, that is a known factor essential for
muscle formation and can play a role as an antioxidant, improve exercise tolerance,
and neuromuscular function. Given that patients in the control group received the
same amount of water, the benefits mentioned above cannot be explained merely by
hydration.
On the other hand, there was an improvement in quality of life assessed by the
CLDQ and the SF-36 questionnaires, in both groups, but again the most prominent
findings were observed in the group receiving non-alcoholic beer. It is noteworthy that
all but one domain in the CLDQ improved in the non-alcoholic beer group, with no
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worsening of abdominal symptoms as could be expected for the intervention
(bloating). There was improvement in the SF-36 only in 2 domains, including physical
function, in both groups and in general health and vitality in the control and nonalcoholic beer group, respectively. A clear trend towards an improvement in social
function and mental health was observed in the group receiving non-alcoholic beer.
This point is extremely important, because usually patients with chronic diseases,
including cirrhosis, have a lower quality of life that impedes them from social
interaction with other people. Integration of these patients into their normal social
environment, by allowing them to participate in activities such as physical exercise, as
well as having a “normal” diet supplemented with non-alcoholic beer, can contribute
to the benefits observed specifically in this group. Moreover, hops have been shown to
improve symptoms of depression, anxiety and stress over a 4-week period partially
explaining the results found in QoL[42].
Regarding the safety of the intervention, there were no reported side effects in any
of the groups. In the biochemical tests, no changes in liver function tests, hemoglobin,
leukocytes, creatinine or serum electrolytes were observed, and a trend towards a
global improvement in those tests was noted after the study. In addition, there was no
worsening of abdominal symptoms in the group receiving non-alcoholic beer, as might
be expected as a consequence of the beverage.
The most important features in the present study are the design, controlling the
amount of additional liquids in both groups, and proposing an easy to follow and
reliable exercise protocol together with an affordable and simple nutritional
supplement, involving a multidisciplinary group from different specialties
(gastroenterology, hepatology, nutrition and cardiology).
There are some limitations in this study; first, the patients included in this study
were compensated, therefore the findings are not applicable to patients with
decompensated cirrhosis. Another potential limitation is the lack of computed
tomography (CT) scan measurements; however, given the monthly evaluations
performed in this study, CT scan measurements were not appropriate (due to
radiation exposure), therefore it was decided to include other validated markers such
as phase angle derived from BIA, that has been validated in cirrhosis against CT
scanning with great sensitivity[43], and HGS, also validated in cirrhosis.

CONCLUSION
In conclusion, a multifactorial program including diet, monitored exercise and nonalcoholic beer is safe, well tolerated and results in improvements in endothelial
function, nutritional status, and quality of life. The effects shown in this study should
be confirmed with a longer duration of the intervention, and possibly with a larger
amount of non-alcoholic beer.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic beer has been shown to positively modify gut microbiota diversity and
improve endothelial function and oxidative stress, when used in different clinical
settings, including breastfeeding and post-exercise rehydration. Thus, non-alcoholic
beer can be regarded as a “functional” supplement. Additionally, physical exercise has
proven to be a safe and effective intervention in cirrhosis, providing several benefits,
for instance, improvement in nutritional status, quality of life and portal pressure.

Research motivation
Although nutritional therapy (diet + physical exercise) has beneficial effects in patients
with cirrhosis, the availability and implementation of other nutritional strategies, such
as supplements, is sometimes difficult due to different factors. Non-alcoholic beer has
different compounds that exert antioxidant, anti-inflammatory and nutritional
properties, and these properties are highly attractive in the treatment of patients with
cirrhosis. Therefore, we hypothesize that it could be beneficial as a nutritional
supplement in these patients.
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Research objectives
The aim of the study was to evaluate the effect of diet + exercise and non-alcoholic
beer on nutritional status, endothelial function, and quality of life in patients with
cirrhosis.

Research methods
In this randomized open-clinical trial, eligible patients were randomized into two
groups: (1) Control: Diet + physical exercise and (2) Intervention: Diet + physical
exercise + non-alcoholic beer who were treated for 8 wk. The evaluated outcomes were
nutritional status, endothelial function, and quality of life. For the analysis, only those
patients receiving at least 1 d of intervention were included (modified intention to
treat). Paired data were analyzed using the Wilcoxon signed-rank test. For
comparisons between groups, Mann-Whitney U or Student´s t-test was used. Areas
under the curve (AUC) were constructed for repeated measurements of endothelial
function.

Research results
Forty-three patients were included in the study, 21 in the control group and 22 in the
intervention group. The mean age was 53.5 ± 7.8 years, 60% were women, the median
model for end-stage liver disease (MELD) score was 8 (7-10) and most patients were
Child-Pugh A (88%). There were no adverse effects related to the consumption of nonalcoholic beer, or to the diet and exercise. Endothelial function improved in both
groups. All the measured nutritional parameters improved in the intervention group,
compared to only 2 in the control group and quality of life improved in both groups;
however, more domains improved in the intervention group.

Research conclusions
A multifactorial program including the standard treatment diet and monitored
exercise as well as a non-alcoholic beer is safe, well tolerated and results in
improvements in endothelial function, nutritional status, and quality of life.

Research perspectives
Non-alcoholic beer represents a new nutritional strategy that has beneficial effects in
patients with cirrhosis. However, the effects shown in this study should be confirmed
with a longer duration of the intervention, and possibly with a larger amount of nonalcoholic beer. Our study did not include patients with decompensated cirrhosis,
which limits the extrapolation of the results.
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Abstract
BACKGROUND
In the last few years we have witnessed a revolution in the treatment of hepatitis
C virus (HCV) infection. With the introduction of direct-acting antiviral agents
(DAAs), sustained virological response (SVR) is achieved in more than 95% of the
patients. The focus is now being turned to the global targets set by the World
Health Organization, with the aim of achieving HCV elimination by 2030. Prison
inmates constitute one of the high-risk groups, and receive treatment less
frequently due to several barriers in access to health care.
AIM
To describe the management and follow-up of a cohort of HCV monoinfected
patients treated with DAA in the prison setting, where tertial referral liver center
specialists locally provide, on-site assessment and treatment for the prisoners.
METHODS
A prospective observational study was conducted from April 2017 to March 2020,
which included all HCV monoinfected prison inmates in the largest Northern
Portugal prison. Demographic, clinical, and laboratory data, as well as transient
elastography measurements, were collected onsite by the medical team and
prospectively recorded. Patients were treated with DAA according to
international guidelines. The primary endpoint was SVR at post-treatment week
12.
RESULTS
There were 98 monoinfected HCV male inmates (mean age, 42.7 ± 8.6 years)
included in the analysis. Injecting drugs or tattooing were reported in 74.5%, with
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38.8% of the latter being done in prison. Alcohol consumption of more than 30
g/d was referred in 69.4%. The most prevalent genotype was 1a (54.1%), followed
by 3 (27.6%), 4 (9.2%) and 1b (6.1%). Pretreatment fibrosis degree was mild-tomoderate (F0-F2) in 77.6% and severe in 22.4% (F3-F4). Treatment regimens
chosen were: 45.9% elbasvir/grazoprevir, 29.6% sofosbuvir/velpatasvir, and
12.2% sofosbuvir/ledispavir and glecaprevir/pibrentasvir. No major adverse
events were observed. SVR at post-treatment week 12 was 99%.
CONCLUSION
In a population considered to be both hard-to-access and a cornerstone for HCV
elimination, the onsite evaluation and treatment of HCV-infected prisoners,
achieved an exceptional highly effective success rate. This type of collaborative
program should be considered to be expanded, to support hepatitis C elimination
efforts.
Key Words: Hepatitis C infection; Treatment; Prison setting; Direct-acting antiviral agents;
Micro-elimination
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis C is a curable infectious disease with high cure rates reaching
almost 100% with the use of direct-acting antiviral agents. The World Health
Organization defined the aim of achieving hepatitis C virus elimination by 2030. In the
first phase, patients identified with hepatitis C virus infection were treated. Although,
to achieve this ambitious goal, we had to reach difficult to access groups, such as
persons who inject drugs (PWID) and prisoners. We developed a strategy where a
medical team (2-3 doctors) from the hospital went to prison and was responsible for the
outpatient clinics, liver elastography, and giving the medication on-site, increasing
access to care by avoiding any need to move the patients outside the prison. This was
so successful, reaching 99% of sustained virological response in a difficult to treat
cohort, that a national program was created implementing our strategy. Therefore, in
Portugal, every prisoner has access to treatment inside the prison.
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INTRODUCTION
Hepatitis C virus (HCV) is recognized as the leading cause of chronic liver disease
worldwide, being one of the major global health problems. The prevalence of HCV
infection ranges from 0.5% in Western Europe and 1.3% in United States to 2.5 in
Southern Europe and 6% in Eastern Europe[1]. According to the last report from World
Health Organization (WHO), about 71 million people are suffering from chronic HCV
infection, with almost 400000 deaths due to cirrhosis or liver cancer[2-5]. Moreover, it is
still the most common indication for liver transplantation. Management of HCV
infection places a large burden on local health systems due to social and economic
charges[5].
In the last few years, we have witnessed a major revolution in the treatment of HCV
infection. The introduction of direct-acting antiviral agents (DAAs) resulted in fewer
side effects, shorter regimen treatments, and higher rates of sustained virological
response (SVR). Because cure is attainable in almost all patients, the WHO defined
ambitious targets to be achieved by 2030, namely HCV elimination, with 65%
reduction in liver-related deaths, 90% reduction of new infections, and 90% of patients
with viral hepatitis infections being diagnosed[5].
However, HCV elimination poses several logistic and political challenges: Most
health systems are not prepared to deal with the huge task of HCV testing and
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treatment, and, many times, it is difficult to convince health authorities to provide
human and financial resources so that HCV elimination could be a realistic goal.
Recently, the concept of micro-elimination has emerged, where the main focus is
tackling specific individual populations, creating an organized plan to overcome the
known barriers, and achieving both high levels of diagnosis and treatment, choosing
also the best interventions in accordance with that population's needs.
This strategy is going to target well-recognized high-risk populations such as people
who injected drugs, homeless people, and prisoners, all of whom are typically not well
engaged with specialist care[6,7].
Prisons are considered a high-risk environment with a population characterized by
risky behaviors such as unprotected sexual intercourse, tattooing, and injecting drug
use[3]. At the same time they also provide a unique opportunity to scale up hepatitis C
treatment[8]. It is estimated that the prevalence of HCV infection in prisons is 10 to 20
times higher than that of the average population. The reported prevalence of HCV
infection in prisoners ranges from 15.4% in Western Europe to 20.7% in Eastern
Europe[9,10]. The correctional system may be considered a public health opportunity to
treat these patients[11] for a variety of reasons: Improved adherence due to daily staff
distribution of medication, limited access to drugs and alcohol, and monitoring of
possible side effects[12]. Although treatment of HCV infection in the correctional
systems seems necessary to achieve the goal of HCV elimination by 2030, there are few
reports about the management of HCV in prison, particularly in the DAA era.
The aim of this study is to describe an innovative program of diagnosing and
treating HCV monoinfected patients within the prison setting, the HIPPOCRATES®
(Hepatitis C In-PrisonProgram fOr enhancing Cure RATES) Project, and evaluate its
performance in curing this infection, assessing SVR at post treatment week 12 (SVR
12).

MATERIALS AND METHODS
HCV is recognized as the leading cause of chronic liver disease worldwide, being one
of the major global health problems. The prevalence of HCV infection ranges from
0.5% in Western Europe and 1.3% in United States to 2.5 in Southern Europe and 6% in
Eastern Europe[1]. According to the last report from WHO, about 71 million people are
suffering for chronic HCV infection, with almost 400000 deaths due to cirrhosis or liver
cancer[2-5]. Moreover, it is still the most common indication for liver transplantation. Management of HCV infection places a large burden on local health systems
due to social and economic charges[5].
In the last few years, we have witnessed a major revolution in the treatment of HCV
infection. The introduction of DAA resulted in fewer side effects, shorter regimen
treatments and higher rates of SVR. Because cure is attainable in almost all patients,
the WHO defined ambitious targets to be achieved by 2030, namely HCV elimination,
with 65% reduction in liver-related deaths, 90% reduction of new infections, and 90%
of patients with viral hepatitis infections being diagnosed[5].
However, HCV elimination poses several logistic and political challenges: Most
health systems are not prepared to deal with the huge task of HCV testing and
treatment, and many times, it is difficult to convince health authorities to provide
human and financial resources so that HCV elimination could be a realistic goal.
Recently, the concept of micro-elimination has emerged, where the main focus is
tackling specific individual populations, creating an organized plan to overcome the
known barriers and achieve both high levels of diagnosis and treatment, choosing also
the best interventions in accordance to that population's needs.
This strategy is going to target well-recognized high-risk populations, such as
people who injected drugs, homeless people and prisoners, typically not well engaged
with specialist care[6,7].
Prisons are considered a high-risk environment with a population characterized by
risky behaviors such as unprotected sexual intercourse, tattooing and injecting drug
use[3]. At the same time they also provide a unique opportunity to scale up hepatitis C
treatment[8]. It is estimated that the prevalence of HCV infection in prisons is 10 to 20
times higher compared to that of the average population. Reported prevalence of HCV
infection in prisoners range from 15.4% in Western Europe to 20.7% in Eastern
Europe[9,10]. The correctional system may be considered a public health opportunity to
treat these patients[11] for a variety of reasons: Improved adherence due to daily staff
distribution of medication, limited access to drugs and alcohol, and monitoring of
possible side effects[12]. Although treatment of HCV infection in the correctional
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systems seems necessary to achieve the goal of HCV elimination by 2030, there are few
reports about the management of HCV in prison, particularly in DAA era.
The aim of this study is to describe an innovative program of diagnosing and
treating HCV monoinfected patients within the prison setting, the HIPPOCRATES®
Project, and evaluate its performance in curing this infection, assessing SVR 12.

Prison setting
Porto’s correctional system is an exclusive male prison located in Porto, the second
largest city of Portugal. It is the largest prison in the Northern Portugal, having the
capacity for 1200 inmates. The Medical Department has one treatment room, four
outpatient clinic rooms, and a ward with the capacity for six patients. Personnel staff
comprises one permanent doctor and four nurses.

Screening
All inmates were tested for hepatitis B virus, HCV, and human immunodeficiency
virus (HIV) on admission and there was no refusal to be screened. All anti-HCV
antibody positive inmates were tested for HCV RNA, even in cases of previous
treatment or negative RNA on previous admissions due to the possibility of
reinfection in this high-risk population. Viral load and genotype were determined
according to international guidelines.

Treatment eligibility
To be eligible for treatment, prisoners had to be ≥ 18-years-old, have evidence of active
chronic hepatitis C with a recent detectable serum HCV RNA, and have an adequate
sentence duration to facilitate complete hepatitis C treatment while incarcerated
(between 8 and 12 wk, depending on the chosen treatment). However, it was not a
requirement that prisoners remained in prison till SVR 12, and those who were
released earlier were provided with their remaining medication to complete treatment
in the community and had follow-up scheduled in the hospital’s Hepatology
outpatient clinic.
Following identification, HCV monoinfected patients were referred by the Prison
doctor to the Liver specialist team. This medical team, from the Gastroenterology
Department, consisted of three Hepatologists from Centro Hospitalar São João, the
largest liver center in the north of the country. All co-infected patients were treated by
the Infectious Disease team.
Those hospital doctors visited once weekly the prison, where all clinical procedures
were performed, in coordination with the prison doctor.
For each patient, we had scheduled three clinical visits, for a total of 302. In the first
one, careful medical history and demographics were taken including age, place of
birth, weight and height, medication, history of previous blood transfusions, tattooing,
drugs (injected or inhaled), alcohol and tobacco consumption. Patients were also asked
about the exact time of HCV infection diagnosis, as well as previous treatments.
During the first visit, a transient liver elastography was performed onsite. After
gathering clinical, laboratory, and virological data together with the fibrosis stage,
treatment regimen and duration was decided by the medical team and requested to
the central pharmacy.
In the second appointment, when treatment was already available, the expected
efficacy and possible side effects were again explained. For those patients who decided
to participate in this program, treatment started on the day after. The prison staff was
responsible for distributing the DAAs to our patients, and were instructed by the
medical team before the beginning of the program. They were already previously in
charge of distributing the opioid substitution therapy.
The third outpatient visit was performed 12 wk after the end of treatment to inform
the patient about SVR. All patients received extensive counseling and education about
harmful practices potentially leading to reinfection such as tattooing, sharing needles
or unprotected sexual intercourse, and they were instructed to change their own usual
hygienic habits from the beginning of treatment. We established a viral hepatitis
education program for prisoners and prison staff, including drug service providers
and correctional officers, to support clinical service. Prisoners with hepatitis C and
cirrhosis were enrolled in surveillance programs for hepatocellular carcinoma and
esophageal varices, as recommended by consensus guidelines[13].
All the procedures were performed by the same three hepatologists and any
problems concerning these patients were seen by the prison's doctor and reported to
the hospital team.
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Laboratory data
Blood samples were all taken in the prison setting by a special team of nurses. Every
patient had laboratory data at three-time points: (1) Before starting the treatment; (2)
At the end of treatment; and (3) 12 wk after the end of treatment to assess SVR 12. At
all time points, full blood count, aspartate aminotransferase, alanine aminotransferase
(ALT), γ-glutamyl transpeptidase (GGT), alkaline phosphatase, total and direct
bilirubin, albumin, urea, and creatinine were requested. In addition, first and last
blood samples were analyzed for iron, transferrin and ferritin, total cholesterol, lowdensity lipoprotein cholesterol and high-density lipoprotein cholesterol, alphafetoprotein, international normalized ratio, hepatitis B surface (HBs) antigen, HBs
antibody, hepatitis B core antibody, and HIV.

Fibrosis assessment
The degree of fibrosis was evaluated using the portable Fibroscan 430 mini model
from Echosensâ (owned by our department), performed in the prison by the
gastroenterology medical team, and classified according to Metavir classification[14].
Only procedures with at least 10 valid measurements, an interquartile range/median
ratio of less than 30%, and a success rate of at least 60% were included. The median
value of liver stiffness was recorded in kPa. All procedures were performed by wellexperienced and well-trained investigators.

Treatment
The treatment for each patient was discussed within the medical team based on the
laboratory data and liver fibrosis stage, and decided according to international
guidelines[15].
SVR 12 was defined as having an undetectable HCV RNA test at least 12 wk after
the end of treatment.

Statistical analysis
Continuous variables are expressed as median (range). Categorical variables are
reported as absolute (n) or relative frequencies (%). Analysis of variance was used to
compare the differences in variable between groups. P < 0.05 was considered
statistically significant. Data were analyzed using SPSS 21.0 (IBM Corp, Armonk, NY,
United States).

Ethical considerations
This study was conducted according to the Declaration of Helsinki. The ethical
approval for this study was obtained from the Ethics Committee of Centro Hospitalar
São João and Porto's correctional system. Informed consent was obtained from each
patient before each treatment.

RESULTS
Clinical features
Screening of 2451 inmates resulted in 276 prisoners (11.3%) positive for anti-HCV
antibody and negative for HIV. Among them, 27685 patients were co-infected
HCV/HIV patients and 191 were only HCV-antibody positive. From the 191 patients,
108 prisoners tested positive for HCV RNA, resulting in a prevalence of ongoing
infection of 4.4%. Two patients refused to participate in the project and eight patients
were transferred to another institution before starting the treatment. The selection of
cases for treatment is summarized in Figure 1.
The mean age of the final group of 98 patients was 42.7 ± 8.6 years (Table 1). All
patients were Caucasian and had a mean body mass index of 24.7 ± 3.2.
Regarding risk factors for acquiring HCV infection, 9.2% had a previous history of
blood transfusions, 74.5% were injecting drug users, and 74.5% had tattoos (38.8% of
them were done in the prison setting). The vast majority (94.9%) also reported
previous history of smoked drugs (mostly cocaine and cannabis). Active smoking was
established in 90.8%, while 77.6% admitted daily alcohol consumption (more than 30
mg/d in 69.4%). Regular medication consisted of benzodiazepines in 70.4% (n = 69),
methadone in 26.5% (n = 26), and antidepressants in 40.8% (n = 40). Clinical
characteristics are summarized in Table 1.
For most patients (68.3%), the diagnosis of HCV infection was made in prison, while
for a minority, it was established in PWID (18.4%) or during routine laboratory data
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Table 1 Clinical characteristics are summarized
Prisoners characteristics

n (%)

Age
18-29 yr

7 (7.1)

30-39 yr

22 (22.5)

40-49 yr

47 (47.9)

50+ yr

22 (22.5)
2

Body mass index, kg/m , mean

24.7 ± 3.2

HCV genotype
1a

53 (54.1)

1b

6 (6.1)

2

2 (2.0)

3

27 (27.6)

4

9 (9.2)

6

1 (1.0)

Tattooing
No

25 (25.5)

Made in prison

38 (38.8)

Made outside prison

68 (69.4)

Illicit drug use
No

5 (5.1)

Ever smoked heroin/marijuana only

93 (94.9)

Inject drugs

73 (74.5)

Smoker
No

9 (9.2)

Yes, < 10 cigarettes per day

27 (27,6)

Yes, > 10 cigarettes per day and < 20

31 (31,6)

Yes, > 20 cigarettes per day

31 (31.6)

Alcohol consumption
No

22 (22.4)

Yes, < 30 g day of alcohol

8 (8.2)

Yes, 30 g day of alcohol and < 60 g

13 (13.3)

Yes, 60 g day of alcohol

55 (56.1)

Medication
Opiate substitution therapy

26 (26.5)

Antidepressants

40 (40.8)

Benzodiazepines

69 (70.4)

HCV: Hepatitis C virus.

performed outside the prison (13.3%) (Figure 2).

Laboratory data
Laboratory data are depicted in Table 2. Except for slight elevation of ALT and GGT,
all laboratory data were within the normal range. There were no patients with positive
HBs antigen but there were 41.8% with positive HBc antibody.
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Table 2 Laboratory data in the beginning of the treatment
Laboratory data

Median (IQR)

Hemoglobin, g/dL

15.7 (14.9-16.0)

Leukocytes, × 109/L

7.9 (7.0-10.2)

Platelets, × 109/L

204.5 (175.8-238.8)

Albumin, g/dL

58.4 (55.0-61.1)

AST, U/L

36.0 (28.0-47.8)

ALT, U/L

47.0 (31.0-67.0)

GGT, U/L

41.5 (27.0-72.0)

Alkaline phosphatase, U/L

76.5 (65.5-94.5)

Total bilirubin, mg/dL

0.48 (0.32-0.6)

Total cholesterol, mg/dL

162.0 (142.0-200.0)

Alpha-fetoprotein, ng/mL

2.0 (1.4-3.5)

Creatinine, mg/dL

0.8 (0.7-0.9)

INR

1.0 (1.0-1.1)

Anti-HBc antibody+

41 (41.8%)

Anti-HBs antibody+

33 (33.7%)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyl transpeptidase; IQR: Interquartile range.

Figure 1 Selection of cases for treatment. HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

Virology and fibrosis assessment
The median HCV viral load was 1865000 copies (range 673250-4580000). The most
prevalent genotype was genotype 1a (54.1%), followed by genotype 3 (27.6%)
genotype 4 (9.2%) and genotype 1b (6.1%) (Figure 3). All liver elastographies
performed had more than 10 valid measurements and an interquartile range < 30%.
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Figure 2 Hepatitis C virus diagnoses. PWID: Persons who inject drugs.

Figure 3 Genotype distribution.

According to the Fibroscan scoring card, 77.6% of the patients were classified as stage
F0 to F2 and only 22.4% were classified as stage F3 or F4 (Table 3).

Treatment
All patients completed 12 wk of treatment under daily staff distribution of medication,
achieving 100% of adherence. Regarding treatment, regimens were prescribed: 45
patients (45.9%) got elbasvir/grazoprevir, 29 patients (29.6%) took sofosbuvir/
velpatasvir and 12 (12.2%) with sofosbuvir/Ledipasvir and 12 (12.2%) with
glecaprevir/pibrentasvir, always without ribavirin. There were two patients that
refused treatment, and eight patients started treatment in another institution after
being moved. During the entire period of treatment, there were no reports of major
adverse events and only seven patients complained of mild headache, without the
need to take medication for relief.
SVR at week 12 after treatment was 99.0% (97/98). At this time, 52 (53.1%) patients
gained weight and 86 (87.8%) referred improved quality of life. There were no cases of
hepatitis B virus reactivation during the entire period of follow-up.
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Table 3 Liver fibrosis according to liver elastography
Liver fibrosis according to liver elastography

n (%)

F0-F1

50 (51.0)

F2

26 (26.6)

F3

12 (12.2)

F4

10 (10.2)

DISCUSSION
This is the first hepatitis C prison management program to be implemented in the
country and settled the basis for an innovative national approach to deal with this
problem.
This decentralized model of care involving onsite specialist consultation has
overcome several of the traditional systemic barriers to provide efficient hepatitis C
treatment to prisoners, namely hospital transfer, treatment interruption from transfer
between correctional facilities, and low compliance due to non-assisted daily
medication for several weeks. With the advent of DAAs, HCV infection treatment has
achieved cure rates ranging from 90% to 100%. Therefore, with the aim of achieving
HCV elimination in 2030, the focus is being turned into the high-risk groups,
considered difficult-to-treat populations, traditionally due to their barriers in being
engaged in health care.
The micro-elimination approach relates to target some subpopulations of HCVinfected people, namely high-risk populations, providing tailored services and the best
interventions regarding the population’s needs in order to reach engagement and high
rates of diagnosis and treatment.
One of the main focus of treatment and one of the cornerstones of the global microelimination strategy is also to reduce transmission by infected people, potentially
contributing to treatment as prevention.
Although prisoners are undoubtedly considered a high-risk population and one of
the main targets for micro-elimination, there is no universal policy for the provision of
HCV testing/screening in this population. A recent European study showed that in 16
of 25 countries, HCV screening is not performed routinely but only if requested by the
inmate[9]. In this study, where upon all inmates were tested for HCV regardless of the
presence of risk factors, we found a prevalence of chronic HCV infection of
4.4%. Therefore, it seems justifiable that systematic screening of all prisoners upon
admission to the correctional system should be pursued and recommended as an
essential component of every national elimination strategy. In our program, as all the
prisoners were always tested at admission in prison, we achieved very good results
when compared with other studies[16-19].
In Portugal, there is unrestricted access to DAA therapy for chronic HCV infection
since 2016. Although many patients had already been treated, vulnerable populations
such as prisoners, only have access to therapy through general hospitals, with the need
for specialist consultation implying frequent visits to hospital, a costly, timeconsuming and distressing transport of prisoners. The prison setting could be,
however, an ideal opportunity and an appropriate environment to provide hepatitis C
treatment, breaking all the usual barriers in the access of treatment that this high-risk
population have to face including reasons that lead to treatment interruption or
diminished efficacy. In the community setting, these subjects would not normally
receive treatment due to substance use related disorders (alcohol/drugs), psychiatric
comorbidities, social stigma, lack of access to health care services and poor adherence
to treatment. However, in the correctional system, these obstacles can be surpassed, as
incarcerated people have limited access to alcohol and drugs and are actively treated
for their mental illness, allowing a concentrated and targeted healthcare approach. A
DDA-based program started in a correctional facility in Cairns, Australia, resulted in
reduction of HCV prevalence from approximately 12% to less than 1% over a 22-mo
period, showing that is not only feasible but also a very effective strategy[12].
As established in this project, hospital doctors moved to prison, allowing all HCV
management to be done onsite, avoiding one major hurdle which is the frequent
hospital visits these patients would otherwise need. This strategy of relocation of HCV
specialists, together with daily staff distribution of medication and the advantages of
DAA therapy mentioned above, resulted in a successful 100% of patients' adherence to
the treatment plan. Consequently, SVR 12 rate was 99.0% in this difficult-to-treat
WJH
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population, showing that this strategy is not only feasible but also very effective.
Regarding risk factors to acquire HCV infection, in our study we found
that 74.5% of the patients reported a lifetime history of injecting drugs use. Several
studies showed higher odds ratio for HCV among prisoners who injected drugs[9,20].
Tattooing is also an important risk factor, especially if performed in non-licensed
settings or in prison[21]. As drugs injection inside prison is not permitted, one major
pathway for transmission of HCV infection is through previously infected material
used for tattooing, as inmates perform tattoos with artisanal instruments that are not
adequately sterilized. In our study, we found that 74.5% of the patients had tattoos,
and 38.8% of whom had performed them inside prison. Interestingly, the majority of
inmates did not recognize tattooing as a potential pathway for transmitting infection.
Although until now, we have no cases of reinfection, in the Cairns study, six reinfected patients were reported. Thus, it is very important to elucidate the risks of
using non-sterile devices to reduce the risk of transmission and reinfection, always
bearing in mind that prisoners frequently cycle between incarceration and freedom,
creating new networks for hepatitis C transmission. In our program, an important
issue was also to prevent re-infection and "de novo" infection in the prison setting.
Thus, our follow-up strategy was to re-screen all the patients every year (average
length of stay in prison was 2 years) and implement educational measures through not
only the medical team and the local nurses but also with educational sessions given by
the medical team to all the prisoners, where all the risk factors and pathways to
acquire HCV infection was explained.
Despite the excellent results reported here, HCV treatment in prison is demanding
and there are still challenges to face, as shown from other successful experiences [17,18,21].
First, treatment of inmates requires careful attention and dedicated training to health
care providers in order to create a good doctor –patient relationship , a keystone of
care. Prison 's nurses played also a major role, not only for therapeutic compliance but
also highlighting the measures to prevent reinfection.
Second, to provide dedicated outpatient clinic in the prison setting, it is necessary
total availability of the medical team, as it implies several visits to the prison as well as
some logistic issues (e.g., availability of a portable Fibroscan equipment). Lastly, the
average length of incarceration is very variable, and could only last some weeks. For
some patients in whom therapy is initiated in prison, it needs to be completed in the
community, making the interaction between the correctional system and the medical
team in the community essential to avoid loss to follow-up.
There are also some improvements that can be done in our program. With total
availability of pangenotypic drugs that were not available in the beginning of our
program, determining genotype is not needed and could be a step forward treatment
simplification. In addition, access to new technologies as TRODs GeneXpert and
immediate availability of the drugs would reduce the number of outpatients clinics
and the time from diagnose and beginning of the treatment.
A major breakthrough achieved with this project was the recognition of its success
by the national health authorities who established a strategic plan of a national
program in Prisons, aiming to detect and treat all the inmates with HCV infection,
under the guidance of specialist doctors moving into prison sites (Diário da República
n.º 4/2018, Série II de 2018-01-05, despacho 283/2018).

CONCLUSION
In conclusion, we showed a 4.4% prevalence of HCV infection in a prison setting after
universal screening at admission. Although demanding, decentralizing a specialized
medical team from the hospital to the prison as well as daily staff distribution of DAA
medication, improved the prisoners access to hepatitis C treatment and lead to a very
high rate of hepatitis C cure (99.0% rate of SVR 12 in our study).
Micro-elimination plans as the one we have developed should be promoted to
benefit both the individual prisoners and the global efforts to the community to
achieve hepatitis C elimination.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C is now a curable infectious disease with high rates of cure, reaching almost
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100% cure with the use of direct antiviral agents.

Research motivation
The World Health Organization defined the aim of achieving hepatitis C virus (HCV)
elimination by 2030. Although, to achieve this ambitious goal, we have to reach
difficult to access groups, as persons who inject drugs and prisoners.

Research objectives
The aim of our program was to develop a research program of management and
follow-up of a cohort of HCV monoinfected patients treated with direct-acting
antiviral agents in the prison setting.

Research methods
We developed a strategy where a medical team (2-3 doctors) from the hospital went to
prison and was responsible for outpatient clinics, liver elastography, and give the
medication on-site, increasing the access to care by avoiding any need to move the
patients outside the prison.

Research results
Screening of 2451 inmates resulted in 276 prisoners (11.3%), of whom 108 prisoners
mono-infected for HCV. Two patients refused to participate in the project and eight
were transferred to other institution before starting the treatment. All patients
completed 12 wk of treatment (100% adherence), achieving a sustained virological
response (SVR) at week 12 after treatment of 99.0% (97/98).

Research conclusions
In a particularly difficult to achieve population, we achieved a SVR at week 12 after
treatment of 99.0%, with 100% adherence to treatment in patients that accepted the
treatment.

Research perspectives
These results show that an innovative and "in-loco" project in this special population
could be the pathway to achieve HCV elimination in 2030. After this pilot project, a
national program was created implementing our strategy. Therefore, currently in
Portugal, every prisoner has access to treatment inside the prison.
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Abstract
BACKGROUND
The recommended monitoring tools for evaluating nucleot(s)ide analogue renal
toxicity, such as estimated glomerular filtration rate (eGFR) and phosphatemia,
are late markers of proximal tubulopathy. Multiple early markers are available,
but no consensus exists on their use.
AIM
To determine the 24 mo prevalence of subclinical proximal tubulopathy (SPT), as
defined with early biomarkers, in treated vs untreated hepatitis B virus (HBV)monoinfected patients.
METHODS
A prospective, non-randomized, multicenter study of HBV-monoinfected patients
with a low number of renal comorbidities was conducted. The patients were
separated into three groups: Naïve, starting entecavir (ETV) treatment, or starting
tenofovir disoproxil (TDF) treatment. Data on the early markers of SPT, the eGFR
and phosphatemia, were collected quarterly. SPT was defined as a maximal
tubular reabsorption of phosphate/eGFR below 0.8 mmoL/L and/or uric acid
fractional excretion above 10%. The prevalence and cumulative incidence of SPT
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at month 24 (M24) were calculated. Quantitative data were analyzed using
analyses of variance or Kruskal-Wallis tests, whereas chi-squared or Fisher’s exact
tests were used to analyze qualitative data. Multivariate analyses were used to
adjust for any potential confounding factors.
RESULTS
Of the 196 patients analyzed, 138 (84 naïve, 28 starting ETV, and 26 starting TDF)
had no SPT at inclusion. At M24, the prevalence of SPT was not statistically
different between naïve and either treated group (21.1% vs 30.7%, P < 0.42 and
50.0% vs 30.7%, P = 0.32 for ETV and TDF, respectively); no patient had an eGFR
lower than 50 mL/min/1.73 m² or phosphatemia less than 0.48 mmoL/L. In the
multivariate analysis, no explanatory variables were identified after adjustment.
The cumulative incidence of SPT over 24 mo (25.5%, 13.3%, and 52.9% in the
naïve, ETV, and TDF groups, respectively) tended to be higher in the TDF group
vs the naïve group (hazard ratio: 2.283, P = 0.05). SPT-free survival at M24 was
57.6%, 68.8%, and 23.5% for the naïve, ETV, and TDF groups, respectively. The
median survival time without SPT, evaluated only in the TDF group, was 5.9 mo.
CONCLUSION
The prevalence and incidence of SPT was higher in TDF-treated patients
compared to naïve patients. SPT in the naïve population suggests that HBV can
induce renal tubular toxicity.
Key Words: Hepatitis B virus; Proximal tubulopathy; Biomarkers; Renal insufficiency;
Nucleoside analogues
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The objective of this prospective, multicenter study was to determine the 24
mo prevalence and incidence of subclinical proximal tubulopathy (SPT) in hepatitis B
virus (HBV)-monoinfected patients that were either treatment-naïve or treated with
nucleot(s)ide analogues. Data on early SPT markers, the estimated glomerular filtration
rate and phosphatemia, were collected quarterly from 196 patients. The prevalence and
incidence of SPT was higher in tenofovir disoproxil-treated patients compared to naïve
patients. The median survival time without SPT (time during which more than 50% of
the patients remained SPT-free), evaluated only in the tenofovir disoproxil-treated
group, was 5.9 mo. SPT was detected in the naïve population, indicating possible
HBV-induced toxicity in renal tubules.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is associated with significant morbidity and
mortality due to cirrhosis and hepatocellular carcinoma[1,2]. Current second-generation
antiviral agents are efficient, as they have a high barrier to resistance. They include
nucleosidic [e.g., entecavir (ETV)] and nucleotidic [e.g., tenofovir disoproxil (TDF) and
tenofovir alafenamide (TAF)] analogues. Nevertheless, the persistence of HBV within
hepatocytes in the form of covalently closed circular deoxyribonucleic acid and the
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low probability of hepatitis B surface antigen (HBsAg) clearance necessitates long-term
or even life-long treatment. Currently available antiviral agents are eliminated in an
active form via glomerular filtration and active tubular secretion. Their dosages must
be adjusted when the estimated glomerular filtration rate (eGFR) falls under 50
mL/min/1.73 m². Therefore, long-term renal tolerance to antivirals is an important
issue.
Although tubular toxicity is well-described in human immunodeficiency virus
(HIV) patients treated with TDF[3-5], less data exist for hepatitis B monoinfection.
Registration trials report good tolerance profiles, but real-life studies recount cases of
lactic acidosis with ETV treatment, and impaired renal function and rare cases of
Fanconi syndrome are reported with TDF[6-8]. Indeed, these two compounds weakly
inhibit host mitochondrial polymerase and may induce tubulopathy[9]. TDF toxicity
may also result from tubular secretion of its active form (tenofovir) and its potential
interaction with the metabolism of tubular cells[3,4,9]. Furthermore, transport proteins
may interact with TDF, increasing its intracellular concentration and consequently, its
toxicity[10-12]. Long-term consequences of tubular dysfunction include hypophosphatemia (secondary to hyperphosphaturia), osteomalacia, osteoporosis, and renal failure.
Most studies on nucleot(s)ide analogue (NA) renal toxicity are based on assessments
of eGFR and phosphatemia, which are late markers of proximal tubulopathy. Various
early markers are available (e.g., non-diabetic glycosuria, hyperaminoaciduria, β2microglobulinuria, and cystinuria), but no consensus exists on their use[3,4,13,14].
In this study, two early, easy-to-perform, and inexpensive markers were selected:
Maximal tubular reabsorption of phosphate per unit volume of eGFR (TmPi/eGFR)
and fractional excretion rate of uric acid (FEUA). The objective was to detect and
monitor the evolution of subclinical proximal tubulopathy (SPT) over a 2-year period
in three populations of HBV-monoinfected patients. The three populations included
those who were treatment naïve or those starting treatment with either ETV or TDF.

MATERIALS AND METHODS
Patient selection
A prospective, non-randomized phase IV study involving 20 French centers was
conducted. Adult patients with HBV monoinfection and an eGFR above 50
mL/min/1.73 m2 were included. They were separated into three populations: Naïve,
ETV treatment, or TDF treatment, depending on the investigator’s choice. The
following exclusion criteria were employed in this study: Patients already receiving
the planned treatment; those who have hepatocellular carcinoma; those coinfected
with the hepatitis C virus, hepatitis D virus, or HIV; those with serum phosphate
levels < 0.48 mmoL/L; and pregnant or breast-feeding women.

Data collection
On day 0 (D0), data on the following characteristics were collected: Age, gender,
ethnicity, body mass index (BMI), potentially nephrotoxic treatments (e.g., diuretics,
non-steroidal anti-inflammatory drugs), prior anti-HBV treatment, viral load, and
fibrosis stage. On D0 and then every 3 mo thereafter until month 24 (M24), the eGFR,
phosphatemia, 25-hydroxyvitamin D3 [25(OH)D3] vitamin levels, and dipstick test
levels were measured. The TmPi/eGFR and FEUA were calculated. Patients with
serum 25(OH)D3 vitamin < 30 ng/mL were supplemented systemically.
The monitoring visits were planned according to the patients’ usual follow-up
appointments. Treatment choices and any modifications made during the study
complied with the recommendations made by the European Association for the Study
of the Liver in 2012[15].

TmPi/eGFR and FEUA calculations
The main objective of this study was to determine the prevalence of SPT at M24 in the
three groups. SPT was defined as a TmPi/eGFR below 0.8 mmoL/L and/or FEUA
above 10%.
TmPi/eGFR was estimated according to Bijvoet’s diagram and included serum and
urine phosphate and creatinine measured from fasting morning blood and urine
samples. The eGFR was estimated with a simplified Modification of Diet in Renal
Disease formula. FEUA was calculated as follows: [(urine uric acid × serum
creatinine)/(serum uric acid x urine creatinine)] × 100%. If data at inclusion (M0) and
M24 were missing, M3 and M21 data were used, respectively.
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Prevalence and incidence data
The prevalence of SPT resulting from anti-HBV treatment prior to inclusion, if any,
was retrospectively described.
At M24, the prevalence of eGFR < 50 mL/min/1.73 m2 or serum phosphate < 0.48
mmoL/L and the cumulative incidence of SPT were calculated. High urine calcium
defined by a urine calcium/blood calcium ratio above 0.5 mmoL/mmoL was used as a
marker of bone involvement at M24.

Ethical considerations
The study was conducted in full compliance with the European and French guidelines
of good clinical practices. It was approved by the French Institutional Review Board
and the Independent Ethics Committee of Limoges. The study is registered with
ClinicalTrials.gov under the number NCT01500265. Eligible patients were given
information describing the study in readily understandable language detailing the
investigational nature of the study. All patients gave written informed consent for
study participation and blood sample conservation.

Statistical methods
Statistical analyses were performed by the Methodological, Epidemiological, and
Biostatistical Research Center of the University Hospital of Limoges, using SAS V9.3®
software (SAS Institute; Cary, NC, United States). The package survival in R v3.2.2
software was used for survival analyses.
Quantitative variables were described using means and standard deviations,
medians, and interquartile ranges. Analyses of variance or Kruskal-Wallis tests were
used to compare treatment-naïve patients to ETV- and TDF-treated patients.
Qualitative variables were described using the numbers and percentages associated
with their 95% confidence intervals (CIs). They were compared using chi-squared or
Fisher’s exact tests. These tests were also performed to compare the prevalence of SPT
at inclusion between previously-treated patients and patients who had not received
any antiviral treatment before inclusion, as well as the M24 prevalence of renal
insufficiency, hypophosphatemia, or hypercalciura, depending on the occurrence of
SPT during follow-up.
P values less than 0.05 were considered to denote significance except for the main
objective and the differences between the naïve group and each treatment group at
inclusion, which were deemed significant at P < 0.025.
The SPT-free survival curves of the different groups over the 24 mo were plotted
using the Kaplan-Meier method. The log-rank test was used to compare survival
curves between the groups.
Analyses were adjusted to account for potential confounders. For the main analysis
(i.e. prevalence of SPT at M24) a multivariate binary logistic regression model was
used, whereas a Cox model was used for the cumulative incidence of SPT. The models
included variables associated with P values of less than 0.2 in the univariate analysis;
variables were strained using the step-by-step method.

RESULTS
Study population
Data were obtained from 214 patients between December 2011 and December 2013; 18
were excluded from the analysis (Figure 1). The final dataset was compiled from 196
patients: 116 in the naïve group, 38 in the ETV group, and 42 in the TDF group.

Prevalence of SPT at baseline with or without previous HBV treatment
Of the 196 patients analyzed, 22 (11.2%) had received previous HBV therapy: Adefovir
(36%), lamivudine (27.3%), or both (36.7%). At baseline, 40 patients (22.5%) presented
with SPT. SPT prevalence did not differ significantly between previously treated and
untreated patients (21.5% vs 30%, respectively; P = 0.40).

SPT prevalence at M24
Forty patients met the criteria of SPT at D0. Eighteen patients with incomplete
biological reports, including at D0, were further excluded. The final number of
patients with no SPT at D0 was 138: 84 in the naïve group, 28 in the ETV group, and 26
in the TDF group (Figure 1). Clinical and para-clinical characteristics of these 138
patients at inclusion are summarized in Tables 1 and 2.
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Table 1 Characteristics of the patients with no subclinical proximal tubulopathy at on day 0

Variables

Global (n = 138); n (%) ETV (n = 28); n (%)
Naive (n = 84); n (%) TDF (n = 26); n (%)
P value;
ou; median (Q1; Q3); ( ou; median (Q1; Q3) ( ou; median (Q1; Q3) ( ou; median (Q1; Q3) ( ETV vs
n) (min-max)
n) (min-max)
n) (min-max)
n) (min-max)
naive

P value;
TDF vs
naive

Male

72 (52.2%)

19 (67.9%)

39 (46.4%)

14 (53.8%)

0.051

0.511

Age in yr

37.5 (29; 47); (n = 138);
(18-74)

45.5 (31; 57.5); (n = 28);
(18-66)

36.5 (29; 45); (n = 84);
(18-74)

35.5 (24; 42) (n = 26);
(21-56)

0.082

0.222

BMI in kg/m2

24.5 (21.3; 27.8); (n = 115);
(16.6-38.8)

25 (22.2; 29); (n = 24);
(16.6-36.3)

24.8 (21.7; 28.7); (n = 71);
(17.8-38.8)

21.8 (19; 26.5); (n = 20);
(18-35.2)

0.912

0.022

-African

65 (47.1%)

7 (25.0%)

44 (52.4%)

14 (53.8%)

0.0033

0.053

-Asian

16 (11.6%)

7 (25.0%)

4 (4.8%)

5 (19.2%)

-White

57 (41.3%)

14 (50.0%)

36 (42.9%)

7 (26.9%)

-HbeAg + chronic
infection

6 (4.3%)

3 (10.7%)

3 (3.6%)

0 (0.0%)

< 0.00013

< 0.00013

-HbeAg + chronic
hepatitis

15 (10.9%)

6 (21.4%)

3 (3.6%)

6 (23.1%)

-HbeAg-chronic
infection

60 (43.5%)

1 (3.6%)

57 (67.9%)

2 (7.7%)

-HbeAg-chronic
hepatitis

57 (41.3%)

18 (64.3%)

21 (25.0%)

18 (69.2%)

Diabetes

9 (6.5%)

5 (17.9%)

4 (4.8%)

0 (0.0%)

0.043

0.573

High blood
pressure

25 (18.1%)

9 (32.1%)

12 (14.3%)

4 (15.4%)

0.041

1.003

Renal insufficiency

1 (0.7%)

0 (0%)

1 (1.2%)

0 (0%)

1.003

1.003

-PCR < 2000
UI/mL

69 (61.6%)

3 (15.8%)

60 (77.9%)

6 (37.5%)

< 0.00013

< 0.00013

-PCR ≥ 2000 et <
20000 UI/mL

22 (19.6%)

6 (31.6%)

16 (20.8%)

0 (0%)

-PCR ≥ 20000
UI/mL and < 7
(log)

13 (11.6%)

6 (31.6%)

1 (1.3%)

6 (37.5%)

PCR > 7 (log)

8 (7.1%)

4 (21.1%)

0 (0%)

4 (2.5%)

< 0.00012

< 0.00013

ALAT UI/L

25 (17; 36); (n = 133); (7214)

40 (25; 57); (n = 27); (17148)

19 (15; 26); (n = 83); (789)

46 (28; 70); (n = 23); (10214)

-F0/F15

103 (84.4%)

13 (56.5%)

73 (94.8%)

17 (77.3%)

< 0.00013

0.00673

-F2

5 (4.1%)

2 (8.7%)

2 (2.6%)

1 (4.5%)

-F2/F3

8 (6.6%)

6 (26.1%)

2 (2.6%)

0 (0%)

-F3

1 (0.8%)

0 (0.0%)

0 (0%)

1 (4.5%)

5 (4.1%)

2 (8.7%)

0 (0%)

3 (13.6%)

-F0/F1

103 (84.4%)

13 (56.5%)

73 (94.8%)

17 (77.3%)

< 0.00013

0.023

-≥ F2

19 (15.6%)

10 (43.5%)

4 (5.2%)

5 (22.7%)

Previous HBV
therapy

14 (10.1%)

5 (17.9%)

0 (0.0%)

9 (34.6%)

0.00073

< 0.00013

Ethnicity

Phases of infection

Viral load

Fibrosis4

-F3/F4
-F4
Fibrosis F0/F1 vs
F2
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Nephrotoxic drugs

12 (6.1%)

4 (10.5%)

6 (5.2%)

0.223

2 (4.8%)

1.003

1

Chi2 test.
Mann-Whitney test.
3
Fisher’s exact test.
4
Evaluated by liver biopsy or FibroScan.
5
METAVIR classification. BMI: Body mass index; ALAT: Alanine aminotransferase; ETV: Entecavir; HbeAG: Hepatitis B e-antigen; HBV: Hepatitis B virus;
Max: Maximum; Min: Minimum; Q1: First quartile; Q3: Third quartile; TDF: Tenofovir disoproxil.
2

Table 2 Clinical characteristics of the patients with no subclinical proximal tubulopathy at on day 0
Global population (n =
138); median (Q1; Q3); (
n) (min-max)

ETV group; (n = 28); Naive group; (n =
median (Q1; Q3); (n) 84); median (Q1;
Q3); (n) (min-max)
(min-max)

TDF group; (n = 26); P value;
median (Q1; Q3); (n) ETV vs
(min-max)
naive

P value;
TDF vs
naive

Phosphatemia,
mmoL/L

1.1 (1.0; 1.2); (n = 135); (0.61.4)

1.1 (1.0; 1.1); (n = 26);
(0.9-1.3)

1.0 (1.0; 1.2); (n = 83);
(0.7-1.4)

1.0 (0.9; 1.2); (n = 26);
(0.6-1.2)

0.401

0.981

Plasma creatinine,
μmoL/L

73 (58; 85); (n = 137); (37.5114.9)

78.4 (66; 84); (n = 28);
(51-114.9)

71 (58; 87); (n = 83);
(37.5-113)

76.9 (57.5; 87); (n = 26);
(38-98)

0.232

0.772

eGFR (MDRD),
mL/min/1.73 m²

94.5 (82.6; 107.6); (n = 137);
(58.6-169.1)

91 (84.2; 101); (n = 28);
(62.7-141.3)

94.8 (80.7; 108.1); (n =
83); (58.6-151.1)

95.4 (84.3; 108.4); (n =
26); (70.2-169.1)

0.372

0.652

25(OH)D3, ng/mL

15.9 (9.9; 22.2); (n = 130);
(3.1-55.2)

16.8 (12.6; 24.8); (n =
26) (5-55.2)

14.8 (9.4; 21); (n = 81);
(4-42.1)

15.3 (9.8; 22.7); (n = 23); 0.272
(3.1-36.9)

0.952

TmPi/eGFR,
mmoL/L

1 (0.9; 1.1); (n = 181); (0.41.9)

1 (0.9; 1.2); (n = 34);
(0.7-1.8)

1 (0.9; 1.1); (n = 111);
(0.4-1.9)

1 (0.8; 1.2); (n = 36);
(0.6-1.5)

0.242

0.862

FEUA, %

5.8 (4.5; 7.1); (n = 112); (2.29.7)

5.9 (4.7; 7.5); (n = 23);
(2.7-9.1)

5.8 (4.4; 7); (n = 69);
(2.2-9.3)

5.5 (4.5; 6.7); (n = 20);
(3.8-9.7)

0.641

0.951

1

Student’s test.
Mann-Whitney test. 25(OH)D3: 25-hydroxyvitamin D3; eGFR: Estimated glomerular filtration rate; ETV: Entecavir; FEUA: Fractional excretion rate of uric
acid; Max: Maximum; Min: Minimum; Q1: First quartile; Q3: Third quartile; TDF: Tenofovir disoproxil.
2

Statistically significant differences in chronic hepatitis (vs infection), HBsAg-status,
viremia levels, alanine aminotransferase (ALT) levels, and fibrosis stage were found
between the treated groups (ETV or TDF) vs the naïve group. Some unexpected
differences were also observed. Compared to the naïve group, the ETV group
contained more Asian patients, and patients in the TDF group had lower BMIs. These
differences were accounted for in the adjusted analyses.
Of the 138 patients without SPT at baseline, 45 had missing data at M24 and had to
be excluded from the analysis of SPT prevalence at that timepoint. Therefore, the main
analysis included data from 93 patients, with 62 in the naïve group, 19 in the ETV
group, and 12 in the TDF group. Accordingly, the overall prevalence of SPT at M24
was 31.2% (n = 29/93; 95%CI: 22.0–41.6). Among the three treatment groups, the
prevalence was 30.7% (n = 19/62; 95%CI: 19.6–43.7) in the naïve group, 21.1% (n =
4/19; 95%CI: 6.1–45.6) in the ETV group, and 50% (n = 6/12; 95%CI: 21.1–78.9) in the
TDF group. No statistically significant differences were observed between the naïve
group and the ETV (P = 0.42) or the TDF group (P = 0.42) (Table 3).

Adjusted analyses of SPT prevalence at 24 mo
Potential confounding factors among the different groups were assayed at baseline:
Age, gender, ethnicity, virological status, diabetes, hypertension, potential nephrotoxic
drugs, ALT and viremia levels, fibrosis stage, and previous HBV therapy (Table 1).
Ethnicity was not included in the model because no Asian patient had SPT at M24.
Table 4 contains the results of the univariate models given as raw odds ratios (ORs).
Variables associated with P values of less than 0.20 (gender and age) were tested in a
multivariate model comparing ETV and naïve groups. The effect of group on the
presence or absence of SPT at M24 was not affected by any adjustment variables (OR =
0.60; 95%CI: 0.17–2.06; P = 0.42). No multivariate model could be built to compare TDF
and naïve groups (no variable had a P value less than 0.20).
Finally, group membership had no significant effect on the presence or absence of
SPT at M24 (OR = 2.26; 95%CI: 0.65-7.93; P = 0.20).
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Table 3 Subclinical proximal tubulopathy prevalence at month 24 in the entecavir, naive and tenofovir disoproxil groups
Global (n = 138); n
(%); (95%CI)

ETV (n = 28); n
(%); (95%CI)

Naive (n = 84); n
(%); (95%CI)

TDF (n = 26); n
(%); (95%CI)

Missing values

45

9

22

14

SPT prevalence at
M24; (n = 93)

29 (31.2%); (22.0-41.6)

4 (21.1%); (6.1-45.6)

19 (30.7%); (19.6-43.7) 6 (50.00%); (21.178.9)

P value; ETV
vs naive

0.421

P value; TDF
vs naive

0.322

1

Chi2 test.
Fisher’s exact test. CI: Confidence interval; ETV: Entecavir; SPT: Subclinical proximal tubulopathy; TDF: Tenofovir disoproxil.

2

Table 4 Potential confounding factors at baseline susceptible to influence the prevalence of subclinical proximal tubulopathy at month
24 between the different groups in univariate analysis
HR (95%CI)

P value

Global P value

Fibrosis

≥ F2 vs F0/F1

1.09 (0.32-3.67)

0.89

0.89

Group

ETV vs naive

0.41 (0.09-1.83)

0.24

0.043

TDF vs naive

2.28 (0.98-5.30)

0.05

Sex

Female vs male

0.85 (0.38-1.87)

0.68

0.68

Ethnicity

African vs White

0.91 (0.41-2.04)

0.83

0.63

Asian vs White

0.36 (0.05-2.84)

0.33

Diabetes

Yes vs no

0.63 (0.08-4.67)

0.65

0.65

Previous hypertension

Yes vs no

1.26 (0.50-3.17)

0.63

0.63

Viral load

Low vs very low

0.94 (0.30-2.89)

0.91

0.46

Elevated vs very low

2.38 (0.77-7.34)

0.13

Very elevated vs very low

1.40 (0.40-4.93)

0.60

Yes vs no

1.11 (0.33-3.74)

0.86

Previous HBV therapy

0.86

Age at inclusion

1.02 (0.98-1.05)

0.35

BMI at inclusion

0.98 (0.89-1.08)

0.67

ALAT at inclusion

1.00 (0.99-1.01)

0.67

ALAT: Alanine aminotransferase; BMI: Body mass index; ETV: Entecavir; HBV: Hepatitis B virus; HR: Hazard ratio; TDF: Tenofovir disoproxil.

Cumulative incidence of SPT over 24 mo
The overall survival rate of SPT-free patients at M24 was 52.2% (95%CI: 38.3-71.2).
Among the three groups, the survival rates were 57.6% (95%CI: 47.1-79.6) in the naïve
group, 68.8% (95%CI: 38.1-100) in the ETV group, and 23.5% (95%CI: 5.3-100) in the
TDF group.
The median survival time, corresponding to the time during which more than 50%
of the patients remained SPT-free, was analyzable only in the TDF group. The median
survival time in this group was 5.9 mo. The occurrence of SPT in the TDF group
differed significantly from that in the other two groups (log-rank test; P = 0.0283;
Figure 2).

Adjusted analysis of cumulative incidence of SPT over 24 mo
No multivariate analysis was conducted as no potential confounding factors had P <
0.20. The univariate model found no significant effects between ETV and naïve groups
[hazard ratio (HR): 0.41; 95%CI: 0.09-1.83; P = 0.24]. The HR associated with the TDF
group vs the naïve group was 2.28 (95%CI: 0.98-5.30; P = 0.0546). Thus, TDF treatment
tended to be associated with TDF-induced tubular toxicity.
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Figure 1 Data were obtained from 214 patients between December 2011 and December 2013; 18 were excluded from the analysis. eGFR:
Estimated glomerular filtration rate; ETV: Entecavir; HBV: Hepatitis B virus; IFN: Interferon alpha; TDF: Tenofovir disoproxil; SPT: Subclinical proximal tubulopathy.

Figure 2 Kaplan Meier curves for free subclinical proximal tubulopathy survival among the different groups (entecavir, naive, tenofovir
disoproxil). ETV: Entecavir; TDF: Tenofovir disoproxil.

Prevalence of impaired renal function (eGFR < 50 mL/min/1.73 m2),
hypophosphatemia (< 0.48 mmoL/L), and hypercalciuria (> 0.5 mmoL/mmoL) at M24
In patients without SPT at baseline, no renal function impairment or
hypophosphatemia was observed at M24, regardless of whether they had developed
SPT during follow-up. However, four patients (6.5%) experienced hypercalciuria at
M24. Three (7.0%) did not develop SPT within 24 mo, whereas one (5.3%) developed
SPT after M12 with simultaneous alterations of TmPi/eGFR and FEUA. This latter
patient was an HBsAg-negative African female belonging to the naïve group and
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presented with hypertension and grade I obesity.

DISCUSSION
Most of the studies investigating the renal tolerance of NAs have focused on
glomerular markers (serum creatinine and eGFR) instead of tubular markers[16-18].
Although data on the tubular toxicity caused by TDF in HIV-positive patients are
widely available[3-5], analogous data in HBV-monoinfected populations are sparse[3,4].
This paper reports on the first prospective, multicenter study that evaluated the
prevalence and incidence of SPT for an extended duration (24 mo) using early markers
in a population of HBV-monoinfected patients starting treatment with ETV or TDF.
A strong point of this study was the comparison of the treated groups with a control
naïve group. The latter allowed for an evaluation of the role of HBV on tubular
function in the absence of any treatments. Additionally, the effects of confounding
factors on the interpretation of SPT prevalence or incidence were limited, as the patient
population was homogeneous, relatively young (median age: 37.5 years), and had very
few renal comorbidities.

Tubular markers
Optimal markers of proximal tubulopathy are not agreed upon the literature. The most
commonly used markers, whether early or late, are increased urinary α1microglobulin, urinary β2-microglobulin, urinary retinol binding protein (RBP) or
mixed proteinuria, fractional phosphate or uric acid excretion, non-diabetic glycosuria,
hypophosphatemia, hypouricemia, hypokalemia, aminoaciduria, and renal tubular
acidosis[3,4,13]. None of these markers have demonstrated superiority in terms of
sensitivity and specificity. The more sophisticated markers such as RBP or β2microglobulin are interesting, but they are expensive to analyze and not widely used.
Kidney injury molecule-1 and neutrophil gelatinase-associated lipocalin are markers of
acute tubular injury, which is passed the early prevention stage[19]. The markers chosen
in this study, TmPi/eGFR and FEUA, are easy to use, inexpensive, repeatable over
time, and thus ideal for routine follow-up.

TDF and SPT
In this study, the prevalence of SPT at M24 was higher in patients treated with TDF
compared to naïve patients (50% vs 30%). However, this difference was not statistically
significant. Nevertheless, the HR for the cumulative incidence of SPT in the TDF group
vs the naïve group was 2.28, with a trend towards significance and TDF-induced
tubular toxicity.
In the literature, many study designs are heterogeneous. Two main studies used the
same population as this one, except they were cross-sectional. In the first, Tien et al[20]
compared the prevalence of SPT (defined as decreased TmPi/eGFR) in 146 HBVmonoinfected patients (60 naïve, 44 treated with ETV, and 42 treated with TDF), of
whom fewer than 2% had an eGFR < 60 mL/min/1.73 m²[20]. SPT prevalence was 30%,
23%, and 43% in naïve, ETV, and TDF patients, respectively. Differences among these
groups were not statistically different. Nonetheless, in a subgroup of patients treated
with ETV and TDF for more than 18 mo, the prevalence of SPT was significantly
higher in the TDF-treated group than in the ETV-treated group (48.5% vs 12.5%; P =
0.005). The second study was the multicenter "MENTE" study consisting of 280 HBVmonoinfected patients (122 naïve, 89 ETV, and 69 TDF), which reported an association
between the TDF group and the presence of SPT[21]. Here, the urinary RBP/
creatininuria ratio was used as an SPT marker[21].
In brief, no study has rigorously demonstrated a causal link between TDF and SPT
or directly compared patients treated with TDF and ETV. Moreover, no other study
has prospectively evaluated SPT incidence according to treatment type (i.e. naïve, ETV,
and TDF).

ETV and SPT
The prevalence and cumulative incidence of SPT in the ETV-treated group compared
to those in the naïve group were not significantly different. This negative result
reinforces the good renal safety profile of ETV in humans and mouse models[22-24].
Accordingly, Viganò et al[25] argued that SPT in TDF-treated patients improved after
switching to ETV[25].
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HBV and SPT
As previously highlighted in vitro, HBV-specific tubular toxicity may result from HBV
replication and transcription activity in proximal tubular cells. In tubular cell cultures,
the serum of infected patients had potential apoptotic effects[20,21,26,27]. Detection of SPT
in our HBV-monoinfected naïve patients supports this hypothesis in vivo.
A limitation of this study is the absence of a matched control population not
infected with HBV. However, the tubular markers chosen here had been in use for
many decades and validated in populations of healthy subjects. For instance, the adult
95% reference range for TmPi/eGFR is 0.80–1.35 mmoL/L. Independent of age,
normal values are above 0.8 mmoL/L in healthy subjects[28]. The normal value of
FEUA is approximately 8%; values above 10% are considered to reflect a reabsorption
defect[29]. Consequently, using as a reference the normal values as defined in healthy
populations, the observation that nearly 30% of the naïve HBV-monoinfected
population met the definition of SPT implies a link between SPT and HBV infection.

Renal insufficiency, hypophosphatemia, and hypercalciuria
In this study, SPT screened at baseline or during follow-up in the low renal risk
population did not impact eGFR, phosphatemia, and urinary calcium at M24 of NAtherapy. Data from the literature are highly variable due to the heterogeneity of the
populations in terms of renal risk factors, age, pre-existing renal insufficiency,
concomitant nephrotoxic drugs, and/or HIV co-infection[6,16,18].
In contrast to the results reported here, Tien et al[20] found that the eGFR was lower
in the ETV- and TDF-treated groups compared to the naïve group (P = 0.002) but not
significantly different between the ETV- and TDF-treated groups[20]. However, the
decline in eGFR correlated with age and not with antiviral treatment. Further, their
study design did not allow for any conclusions regarding an association between the
observed reduction in eGFR and changes in tubular function (TmPi/eGFR).
In a prospective, single-center study, Viganò et al[30] evaluated the prevalence and
incidence of hypophosphatemia and hyperphosphaturia within a median duration of
27 mo in 156 NA-naïve patients receiving TDF[30]. During the follow-up,
hyperphosphaturia appeared de novo in 26% of the patients, of whom only 4%
developed mild hypophosphatemia (≤ 2.5 mg/dL)[30]. None of the hypophosphatemia
patients developed a severe, diffuse stage of tubulopathy that is characteristic of
Fanconi syndrome.
The occurrence of hypophosphatemia following a correction of 25(OH)D3
deficiency reflects major perturbation in proximal tubular function in which
compensatory mechanisms are exceeded. Cases of Fanconi syndrome are exceptional
in HBV-monoinfected patients and have been described only with nucleotide
analogues (e.g., adefovir and exceptionally, TDF)[31-33]. Regarding bone toxicity, the
"MENTE" study failed to find a clear association between SPT and abnormal markers
of bone remodeling[21].
In summary, the few studies focusing on SPT following NA treatment are mainly
cross-sectional and consequently do not allow for the long-term evaluation of their
effects on renal and bone health. This prospective study suggests that, in low renal risk
patients, SPT does not have clinical impacts on renal or bone health at M24.

25(OH)D3 insufficiency
In this study, the prevalence of 25(OH)D3 insufficiency and severe deficiency was
66.9% and 25.4% at baseline and 84.7% and 7.1% at M24, respectively, despite iterative
supplementation. These results are very similar to those reported in the literature. In
the Maggi study, which evaluated renal and bone toxicity in chronic hepatitis B
patients treated with lamivudine and adefovir, the prevalence of vitamin D
insufficiency and severe deficiency was 72.2% and 20.4%, respectively[34]. Vitamin D
insufficiency is common in chronic liver disease irrespective of etiology[35].
Additionally, 25(OH)D3 has been suggested to increase tubular reabsorption of
phosphate, in particular by directly modifying the lipid structure of the cell membrane
of proximal tubular cells[36]. In line with this hypothesis, the patients in this study had
their 25(OH)D3 levels measured and supplemented to limit renal phosphate loss and
misinterpretation of TmPi/eGFR levels.

Limitations of the study
The main limitation of this study was the small number of patients who completed
SPT markers follow-up. Also, some missing SPT markers were substituted with values
from the nearest available date (< 3 mo). Moreover, the choice of the primary endpoint
(TmPi/eGFR < 0.8 mmoL/L and/or FEUA > 10%) favored sensitivity over specificity.
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When the two markers, TmPi/eGFR < 0.8 mmoL/L and FEUA > 10%, were combined,
the prevalence of SPT was 2.6%, 0%, and 9.5% in the naïve, ETV, and TDF groups,
respectively, with no significant differences among the groups.
The absence of randomization could have generated a selection bias as baseline
parameters potentially influencing renal function might not have been well-balanced
in the treatment assignments, which were selected by the investigator. However, these
potential confounders were limited in the overall population, which was characterized
by a young age (median, 37.5 years) and very few renal comorbidities.
The dose-dependence of tubular toxicity caused by NAs could have been explored,
especially with TDF. Unfortunately, TDF dosages were not readily available and were
not recommended at the time of this study. Gene polymorphisms in the transporter
proteins involved in TDF elimination (ABCC2 or ABCC4 genes) have been linked to
renal tubular damage, implying that overexposure to TDF could cause kidney tubular
cell damage. In HIV-infected patients, Rodríguez-Nóvoa et al[37] reported that median
TDF plasma trough concentration was higher in patients with SPT as defined by the
same early markers used in this study. However, even if this result implies cumulative
toxicity, whether elevated TDF plasma concentration causes the development of SPT
could not be determined due to their cross-sectional analysis.
The overexposure of tenofovir has so far been suggested but not proven in terms of
the mechanism of toxicity. Indeed, the mechanism underlying tubular toxicity is
probably not singular and could involve a cumulative dose effect; a recent paper
proposed progressive mitochondrial dysfunction as a mechanism of TDF tubular
toxicity[38].

TAF: An opportunity
TAF represents real progress in terms of renal tolerance, but it is not available in all
countries for HBV-monoinfected patients, including France. It is similar to TDF, in that
it is a tenofovir prodrug but has better renal and bone tolerance profiles, most likely
due to its higher intracellular and much lower plasma concentrations.
Two recent randomized, double-blind phase 3 studies evaluated the utility of renal
biomarkers in HBV-monoinfected patients treated with TAF or TDF. At 48 wk,
glomerular and tubular proteinuria (RBP/creatininuria and β2-microglobulinuria/
creatininuria) was lower in the TAF group (percent change from baseline: 0.3% vs
25.1%; P < 0.001 and -3.5% vs 37.9%; P < 0.001, respectively)[39]. The reversibility of SPT
after TDF/TAF switching, as assayed with early tubular markers, remains unknown.

CONCLUSION
This prospective study did not find significant differences in SPT prevalence and
incidence at M24 between low renal risk HBV-monoinfected patients treated with ETV
or TDF and treatment-naïve patients. Nonetheless, the prevalence and incidence of
SPT tended to be higher in the TDF group, which had a low survival time (5.9 mo)
without SPT. The data presented here confirm that after 24 mo of NA therapy, patients
exhibited a good renal safety profile irrespective of whether SPT was detected at
baseline or during follow-up. However, these data should be treated with caution, as
additional prospective studies involving large cohorts over several years are still
warranted.
Current recommendations include monitoring phosphatemia, serum creatinine, and
eGFR to screen renal toxicity, but these are late markers of tubular pathology. In
clinical practice, proximal tubular damage would ideally be screened at an early stage
using simple and inexpensive tools, especially in populations with renal risk (e.g.,
patients with hypertension or diabetes or who underwent kidney transplantation).
Indeed, the detection here of SPT markers in some HBV-monoinfected patients prior to
any antiviral treatment confirms the hypothesis that HBV exerts specific toxicity on
proximal tubular cells.
It has been suggested that at 1 year after stopping treatment, SPT could be reversible
in approximately 80% of cases[13]. Finally, TAF is a promising agent and should be used
preferentially, at least in patients at risk of renal toxicity.
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ARTICLE HIGHLIGHTS
Research background
Proximal tubular renal toxicity is a main concern in prolonged nucleot(s)ide analogue
therapy in hepatitis B virus (HBV)-infected patients. Currently available data for HBVmonoinfected patients are either retrospective or cross-sectional. The recommended
screening tools for renal toxicity, estimated glomerular filtration rate (eGFR) and
phosphatemia, are late markers for subclinical proximal tubular (SPT) damage. Thus,
early SPT detection with tools that are simple, inexpensive, and repeatable over time
are needed. Moreover, preclinical studies have reported that HBV exhibits potential
toxicity in proximal tubular cells before any antiviral treatment.

Research motivation
Early detection of tubulopathy could allow clinicians to choose less toxic therapeutic
alternatives such as tenofovir alafenamide (TAF), particularly in patients with renal
comorbidities. TAF is not available in all countries for HBV-monoinfected patients, but
its use may be transitionally authorized. Clinical evidence in favor of HBV-induced
renal toxicity may assist in improving interpretations of SPT markers over time, as
well as explain why these markers improve under antiviral use.

Research objectives
The main objective was to determine the prevalence of SPT at month 24 (M24) in three
populations: Treatment-naïve patients and patients starting entecavir (ETV) or
tenofovir disoproxil (TDF) at M0. The secondary objectives were to evaluate the
cumulative incidence of SPT over 24 mo in the three groups as well as the prevalence
of SPT in the naïve population at baseline.

Research methods
This first real-life, prospective, multicenter, French study of patients with low renal
risk aimed to determine SPT in three groups of HBV-monoinfected patients:
Treatment-naïve and those starting ETV or TDF. Markers for SPT, the eGFR and
phosphatemia, were assessed quarterly. SPT was defined using early and low-cost
simple markers: TmPi/eGFR below 0.8 mmoL/L and/or fractional excretion rate of
uric acid above 10%. Confounding factors potentially impacting kidney function
across the groups were assayed.

Research results
At M24, the prevalence of SPT was 30.7% in the naïve group, 21.1% in the ETV-treated
group, and 50.0% in the TDF-treated group. However, differences in SPT prevalence
between the naïve group and each treatment group (ETV and TDF groups) were not
significantly different. In the multivariate analysis, no post-adjustment variables were
identified. The incidence of SPT over 24 mo (25.5%, 13.3%, and 52.9% in the naïve,
ETV-treated, and TDF-treated groups, respectively) tended to be higher in the TDF
group compared to the naïve group (hazard ratio: 2.283; P = 0.05). The median survival
time without SPT was 5.9 mo in the TDF group. In patients without SPT at baseline, no
renal insufficiency or hypophosphatemia was observed at M24.

Research conclusions
This prospective, multicenter study is the first to evaluate the prevalence and
incidence of SPT in low renal risk HBV-monoinfected patients using early markers.
Patients were divided into treatment-naïve, ETV-treated, or TDF-treated groups. The
prevalence of SPT at M24 was high (21%–50%), but it had no clinical impacts in terms
of renal insufficiency or hypophosphatemia. The incidence of SPT tended to be higher
in the TDF group. Moreover, the detection of SPT in HBV-monoinfected naïve patients
supports the hypothesis of HBV-specific tubular toxicity.

Research perspectives
To better evaluate the clinical impacts of nucleot(s)ide analogue-induced SPT on renal
function, future prospective studies tracking both simple and sophisticated SPT
markers over a longer period of time are warranted. Furthermore and paradoxically,
these early markers may be also used to evaluate treatment reversibility of HBVinduced SPT.
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Abstract
BACKGROUND
Direct-acting antiviral (DAA) therapy regimens are highly effective at eliminating
hepatitis C virus (HCV) infection but rates of sustained virologic response (SVR)
are lower in patients with decompensated cirrhosis or hepatocellular carcinoma.
Since many of these patients will be referred for liver transplant, they will require
retreatment after transplantation. Sofosbuvir/velpatasvir/voxilaprevir
(SOF/VEL/VOX) is recommended by guidelines as the preferred regimen to treat
HCV in DAA-experienced patients following liver transplant however there is
limited data.
CASE SUMMARY
We present the cases of six liver transplant recipients who had previous treatment
failure with sofosbuvir-based DAA therapy prior to transplantation and who then
received SOF/VEL/VOX after transplant.
CONCLUSION
This case series demonstrate the real-world efficacy and safety of SOF/VEL/VOX
in the post liver transplant setting. Treatment was successful with all patients
achieving SVR, it was well tolerated, and there were minimal drug-drug
interactions with their immunosuppressants.
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Core Tip: There have been limited reports published on the use of sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX) for the treatment of hepatitis C virus in
post-liver transplant patients who had previous direct-acting antiviral failure prior to
transplant. Herein, we present what we believe to be the largest case series of
SOF/VEL/VOX use in these patients and highlight its efficacy and safety. More so, we
discuss potential drug-drug interactions between SOF/VEL/VOX and common
immunosuppression regimens.
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INTRODUCTION

Country/Territory of origin: United

Direct-acting antiviral (DAA) therapy regimens are highly effective at eliminating
hepatitis C virus (HCV) infection but patients with decompensated cirrhosis or
hepatocellular carcinoma (HCC) have been shown to have lower sustained virologic
response rates (SVR)[1-3]. Some of these patients with DAA treatment failure may
eventually be referred for liver transplant and will require retreatment, which in many
cases will be undertaken after transplantation. There is extensive published experience
with DAA treatment of HCV after liver transplant, with most patients in these studies
being treated with glecaprevir/pibrentasvir (G/P) and ledipasvir/sofosbuvir (L/S)[4,5].
Post-transplant treatment of hepatitis C in patients who have experienced previous
DAA failure has been less well studied. The American Association for the Study of
Liver Diseases–Infectious Disease Society of America (AASLD-IDSA) recently updated
practice guidelines to recommend sofosbuvir/velpatasvir/voxilaprevir (SOF/
VEL/VOX) as the preferred regimen to treat HCV in DAA-experienced patients
following liver transplant[1]. However, this recommendation is listed as level 1, C
which is based on expert consensus as there is a paucity of published experience[1].
Additionally, the safety of SOF/VEL/VOX in this population, including guidance on
navigating drug-drug interactions (DDI) between SOF/VEL/VOX and commonly
used immunosuppressants has not been well supported in published studies. As such,
we report a series of six patients with previous DAA failure who were subsequently
treated successfully with SOF/VEL/VOX after liver transplant. We report our
experience to emphasize the efficacy of this regimen in this population while also
highlighting the safety profile.
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CASE PRESENTATION
Chief complaints
Case 1: A 51-year-old African American male who presented to hepatology clinic to
discuss treatment options for HCV.
Case 2: A 68-year-old Caucasian male who presented to hepatology clinic to discuss
treatment options for HCV.
Case 3: A 66-year-old African American male who presented to hepatology clinic to
discuss treatment options for HCV.
Case 4: A 70-year-old African American male who presented to hepatology clinic to
discuss treatment options for HCV.
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Case 5: A 48-year-old African American male who presented to hepatology clinic to
discuss treatment options for HCV.
Case 6: A 68-year-old African American female who presented to hepatology clinic to
discuss treatment options for HCV.

History of present illness
Patients in cases 1-6 had no acute complaints on initial visit. All patients were postliver transplant and had previously failed treatment of HCV.

History of past illness
Case 1: The patient had a past medical history of HCV cirrhosis complicated by HCC
who underwent orthotopic liver transplantation. He had HCV coinfection with
genotypes 1a and 4 that was treated with 24 wk of L/S prior to transplant however
SVR was not achieved. Additionally, he received transarterial chemoembolization and
transarterial radioembolization prior to transplant to downstage his HCC to meet
Milan criteria. He also had a history of latent tuberculosis.
Case 2: The patient had a past medical history of HCV cirrhosis complicated by HCC
who underwent orthotopic liver transplantation. He had HCV coinfection with
genotypes 1 and 4 that was treated with 24 wk of L/S as well as interferon/ribavirin
and sofosbuvir/ribavirin regimens prior to transplant, however SVR was never
achieved. Additionally, he received transarterial chemoembolization and transarterial
radioembolization prior to transplant to downstage his HCC to meet Milan criteria,
however, following transplant, examination of explant revealed patient was not within
Milan criteria. He also had a history of obesity, cataracts, anemia, and vitiligo.
Case 3: The patient had a past medical history of decompensated HCV cirrhosis
complicated by HCC who underwent orthotopic liver transplantation. Prior
decompensations included ascites and prior esophageal variceal bleed. He had HCV
genotype 1b that was treated with 12 wk of L/S prior to transplant, however SVR was
never achieved. He also had a history of coronary artery disease, hypertension, chronic
sinusitis and vitamin D deficiency.
Case 4: The patient had a past medical history of HCV cirrhosis complicated by HCC
who underwent orthotopic liver transplantation. The patient had HCV genotype 1b
that was treated with 12 wk of L/S prior to transplant, however SVR was never
achieved. He also had a history of hypertension, diabetes mellitus and latent
tuberculosis.
Case 5: The patient had a past medical history of decompensated HCV cirrhosis
complicated by HCC who underwent orthotopic liver transplantation. Prior
decompensations included ascites and portopulmonary hypertension. He had HCV
coinfection with genotypes 1 and 4 that was treated with 24 wk of L/S as well as 12 wk
of simeprevir/sofosbuvir prior to transplant, however SVR was never achieved. He
also had a history of diabetes mellitus, latent tuberculosis, and prior clostridium
difficile infection.
Case 6: The patient had a past medical history of HCV cirrhosis complicated by HCC
who underwent orthotopic liver transplantation. She had HCV genotypes 1a that was
treated with 12 wk of L/S prior to transplant, however SVR was never achieved. She
was then treated with elbasvir/grazoprevir following transplant but she again failed
to achieve SVR. She also had a history of diabetes mellitus, hypertension, and
hyperlipidemia.
Baseline patient demographics are included in Table 1 and patients’ prior therapies
are summarized in Table 2.

Personal and family history
Case 1: The patient was a nonsmoker and did not drink alcohol. He had no relevant
family history.
Case 2: The patient did not drink, smoke, or ever use intravenous drugs. Patient does
not know his family history.
Case 3: Patient was a nonsmoker and denies alcohol use. His family history was
negative for liver disease and otherwise noncontributory.
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Table 1 Baseline demographics prior to sofosbuvir/velpatasvir/voxilaprevir therapy
Patient No.

Age/Sex

Race

HCC

Decompensated
cirrhosis

HCV RNA
(IU/L)

Downstaged within
Milan criteria

Within Milan criteria
on explant

1

51 M

AA

Yes

No

27461835

Yes

Yes

2

68 M

O

Yes

No

944857

Yes

No

3

66 M

AA

Yes

Yes

894000

No

Yes

4

70 M

AA

Yes

No

14700000

No

Yes

5

48 M

AA

Yes

Yes

3150000

No

Yes

1

1

6

68 F

AA

Yes

No

9024158

1

Liver transplant was performed at another hospital and pathology records were not available.
AA: African American; O: Identified as “other” race; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HCV RNA: Hepatitis C RNA viral load
before sofosbuvir/velpatasvir/voxilaprevir therapy; Milan criteria: Did explant pathology satisfy Milan criteria.

Table 2 Patients who completed sofosbuvir/velpatasvir/voxilaprevir after liver transplant
Patient No.

GT

Pre-transplant childpugh

Previous therapies

LOT (wk)

Time to start
(d)

SVR 12

ACR

1

1a/4

B

L/S

24

31

Yes

No

2

1/4

B

IFN/RBV

106

Yes

No

SOF/RBV
L/S

24

3

1b

B

L/S

12

132

Yes

No

4

1b

A

L/S

12

256

Yes

No

5

1/4

B

S/S

12

120

Yes

No

L/S

24

L/S

12

7853

Yes

No

6

1a

1

E/G

2

16

1

Liver transplant was performed at another hospital and pathology records were not available.
Indicates treatment was after transplant.
3
Prolonged time as patient had been lost to follow-up between her transplant at a different institute and establishing care at our institute.
L/S: Ledipasvir/sofosbuvir; S/S: Simeprevir/sofosbuvir; E/G: Elbasvir/grazoprevir; SOF: Sofosbuvir; IFN: Interferon; RBV: Ribavirin; GT: Genotype;
LOT: Length of treatment; Treatment start: Number of days after transplant that sofosbuvir/velpatasvir/voxilaprevir therapy was initiated; ACR: Acute
cellular rejection after starting sofosbuvir/velpatasvir/voxilaprevir; SVR 12: Undetectable virus 12 wk after completion of therapy.
2

Case 4: He states he is a former intravenous drug user, smoker, and alcohol drinker.
His family history is significant for diabetes mellitus and hypertension.
Case 5: The patient denies tobacco use and he will socially drink. He states both of his
siblings have HCV as well.
Case 6: The patient denies recreational drug use, tobacco use, and alcohol use. Both of
her parents had skin cancer.

Physical examination
On initial clinic visit, patients in cases 1-5 had physical exams notable for well-healed
abdominal surgical scars. Their abdomens were soft, nontender, and without ascites.
There was no jaundice or lower extremity edema. The remainder of exams was
otherwise unremarkable. The patient in case 6 had similar exam but for a well-healing
abdominal surgical scar with staples and Jackson-Pratt drain in still place after
surgery.
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Laboratory examinations
Relevant laboratory value just prior to initiation of SOF/VEL/VOX for cases 1-6 are as
below. Of note, all liver grafts were from HCV antibody negative donors and nucleic
acid testing for HCV was also negative.
Case 1: HCV RNA 27461835 IU/L, creatinine 1.38 mg/dL, total bilirubin 0.60 mg/dL,
aspartate aminotransferase (AST) 30 units/L, alanine aminotransferase (ALT) 181
units/L, alkaline phosphatase 121 units/L.
Case 2: HCV RNA 944857 IU/L, creatinine 0.77 mg/dL, total bilirubin 0.20 mg/dL,
AST 70 units/L, ALT 45 units/L, alkaline phosphatase 92 units/L.
Case 3: HCV RNA 894000 IU/L, creatinine 0.95 mg/dL, total bilirubin 0.20 mg/dL,
AST 30 units/L, ALT 21 units/L, alkaline phosphatase 101 units/L.
Case 4: HCV RNA 14700000 IU/L, creatinine 0.98 mg/dL, total bilirubin 0.40 mg/dL,
AST 19 units/L, ALT 14 units/L, alkaline phosphatase 84 units/L.
Case 5: HCV RNA 3150000 IU/L, creatinine 1.54 mg/dL, total bilirubin 0.18 mg/dL,
AST 55 units/L, ALT 61 units/L, alkaline phosphatase 135 units/L.
Case 6: HCV RNA 9024158 IU/L, creatinine 0.74 mg/dL, total bilirubin 0.30 mg/dL,
AST 18 units/L, ALT 26 units/L, alkaline phosphatase 60 units/L.

Imaging examinations
There was no imaging immediately prior to initiation of SOF/VEL/VOX for cases 1-6.

FINAL DIAGNOSIS
The patients in case 1-6 all had HCV that required treatment in the post-transplant
setting.

TREATMENT
All six patients were treated with a 12-wk course of SOF/VEL/VOX, initiated at
varying times in their post-transplant course with a median start date of 126 (IQR 87.3,
388.3) d after transplant.

OUTCOME AND FOLLOW-UP
After beginning treatment, 100% of the patients achieved undetectable HCV RNA
levels within 4 wk. SVR12 was documented in all cases and no patient experienced a
virologic relapse with mean follow up time of 505.3 ± 152.8 d. Since treatment was
relatively early after transplant, no patients had suspected cirrhosis of their liver graft
or clinical findings to suggest fibrosing cholestatic hepatitis, although no formal
fibrosis (i.e., liver biopsy or FibroScan) testing was performed. Additionally, no
patients had severe renal dysfunction, which we defined as a GFR < 30 mL/min/1.73
m3.
No patient had a serious adverse event defined as death, life-threatening episode,
hospitalization, or persistent or significant disability. All patient tolerated
SOF/VEL/VOX well with no specific adverse effects reported. Most important, there
were no episodes of acute cellular rejection or graft loss and no documented
recurrence of HCC in any patient throughout the follow-up period. One patient
received a hepatitis B core positive donor has been maintained medication to prevent
hepatitis B reactivation.
All patients were on a regimen of tacrolimus and mycophenolate for the first six
months following transplant at which point mycophenolate was discontinued and
patients were continued on tacrolimus monotherapy as per our institute’s
immunosuppression protocol. Five of our patients required their tacrolimus dosing to
be reduced. All changes were relatively minor and most were in the immediate posttransplant setting where dose changes are often necessary. No patient had toxic levels
of tacrolimus, defined as greater than 20 ng/mL, the upper limit of normal for our
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laboratory. Table 3 outlines specific changes in tacrolimus dosing throughout their 12wk course of SOF/VEL/VOX.

DISCUSSION
We present what we believe to be the first case series highlighting the safety and
efficacy of SOF/VEL/VOX in post-liver transplant patients with prior DAA failure.
Although DAAs typically have very high cure rates, in general, approximately fivepercent of patients with HCV treated with DAAs will not achieve SVR; these patients
often have evidence of decompensated cirrhosis or HCC, as the case with our
cohort[1-3]. Since some of these patients may eventually require a liver transplant, we
expect there will be cases of transplant recipients with previous DAA failure requiring
repeat treatment after the transplant.
SOF/VEL/VOX is a well-established option to treat recurrent HCV in DAAexperienced patients, however the two phase 3 trials from which this was founded did
not include liver transplant recipients[6]. Despite this, SOF/VEL/VOX is currently
listed as the preferred regimen for DAA-experienced patients after transplant
however, we believe the data in the post-transplant population to be very limited[1]. To
our knowledge, we are aware of only one case report highlighting its effectiveness and
safety in this setting[7]. Additionally, although our study involves a small cohort, we
believe this to be a comparatively large sampling as DAA failures are an uncommon
event. As such, we believe this case series contributes to our understanding of efficacy,
safety profile, and potential DDI for SOF/VEL/VOX in this unique and under-studied
population.
We also note that SOF/VEL/VOX has not been formally studied in post-transplant
patients, and is therefore not FDA-approved for use in post-transplant population. We
expected this regimen to be effective and well tolerated since both G/P and L/S have
been previously shown to be safe and effective after transplant[8,9]. In essence,
SOF/VEL/VOX is a combination of both of these regimens in terms of its anti-HCV
components. Our findings do show that all patients achieved SVR12 without serious
adverse events. In addition, no patient reported any adverse effects that necessitated
interruption or early termination of treatment.
We were very concerned about the possibility of DDI, specifically with regards to
DAAs and immunosuppressant medications. Tacrolimus remains the backbone for
most liver transplant anti-rejection regimens and that is the case at our institution.
While we know tacrolimus levels will typically increase with initiation of DAA
regimens containing NS3/4A protease inhibitors such as G/P and E/G, there seems to
be minimal data on how tacrolimus levels are influenced by SOF/VEL/VOX[1,10]. The
AASLD-IDSA website currently does not suggest dose reduction citing lack of data[1].
As such, we paid particularly close attention to monitoring tacrolimus levels not only
during initiation of SOF/VEL/VOX but also at regular biweekly intervals until
completion of treatment. Table 3 shows changes to tacrolimus dosing for each patient
during their 12-wk course of SOF/VEL/VOX. Five of our patients required a dosereduction in their tacrolimus; this is consistent with other DAA regimens containing
NS3/4A protease inhibitors[10]. Most of the tacrolimus adjustments were minor, further
emphasizing the safety profile of SOF/VEL/VOX. Of note, we do not typically use
cyclosporine at our institution and as such we are unable to comment on DDI between
it and SOF/VEL/VOX, although prior data suggest no dose adjustments are
necessary[10].
One potential limitation of this case series is the small patient cohort. Additionally,
included patients are from similar demographics (gender, race, age, and city)
possibility limiting generalizability of these findings. And finally, it is well known that
patients who fail DAA regimens will frequently have multiple resistance association
variants identified on resistance testing. We did not formally assess for these in our
patients as their presence has not been shown to affect the ability to achieve SVR with
SOF/VEL/VOX[11].

CONCLUSION
In conclusion, our experience supports the efficacy of SOF/VEL/VOX as an effective
therapy for post-transplant treatment of HCV in patients who had previously failed
DAA therapy prior to liver transplant as all treated patients achieved SVR at 12 wk. In
addition, SOF/VEL/VOX appears to be safe as there were no episodes of acute
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Table 3 Immunosuppressive medication changes while receiving sofosbuvir/velpatasvir/voxilaprevir

Baseline regimen

1

2

3

4

5

6

Tacrolimus 3/4

Tacrolimus 2/1

Tacrolimus 2/2

Tacrolimus 4/4

Tacrolimus 5/5

Tacrolimus 3/3

MMF 1000 mg BID

MMF 500 mg BID

MMF 500 mg BID

MMF 360 mg BID

Prednisone 20 mg QD
Week 1

Prednisone 10 mg QD

TL: 14.5 ng/mL ↓
Tacrolimus 3/3
MMF 1000 mg BID
Prednisone 15 mg QD

Week 2

TL: 12.9 ng/mL ↓
Tacrolimus 3/2
MMF 1000 mg BID
Prednisone 15 mg QD

Week 3

TL: 8.3 ng/mL ↓

TL: 13.5 ng/mL↓

TL: 8.6 ng/mL ↓

Tacrolimus 3/2

Tacrolimus 1/1

Tacrolimus 4/3

MMF 1000 mg BID

MMF 500 mg BID

Prednisone 10 mg QD
Week 4

TL: 8.9 ng/mL↓
Tacrolimus 5/4

Week 5

TL: 8.8 ng/mL↓

TL: 10.9 ng/Ml ↓

Tacrolimus 3/2

Tacrolimus 3/3

MMF 1000 mg BID
Prednisone 5 mg QD
Week 6

TL: 11.5 ng/mL↓

TL: 8.7 ng/mL

Tacrolimus 2/2

Tacrolimus 4/4

MMF 1000 mg BID
Prednisone 5 mg QD
Week 7
Week 8
MMF discontinued2

Week 9

TL: 2.7 ng/mL↓
Tacrolimus 3/2
MMF 500 mg BID

Week 10

TL: 10.7 ng/mL ↓
Tacrolimus 1/0.5

Week 11

TL: 14.1 ng/mL ↓
Tacrolimus 1/1
MMF discontinued1
Prednisone 5mg QD

Week 12

Tacrolimus 1/1

Tacrolimus 1/0.5

Prednisone 5 mg QD

TL: 4.6 ng/mL ↓

Tacrolimus 3/23

Tacrolimus 4/4

TL: 2.2 ng/mL ↓

Tacrolimus 3/3

Tacrolimus 3/4

MMF 500 mg BID

MMF 360 mg BID
Prednisone 10 mg QD
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1

Patient developed sepsis from cholangitis.
Per institution protocol at three months post-transplant.
3
Dose adjusted preemptively as fluconazole was added.
MMF: Mycophenolate; TL: Tacrolimus trough level; BID: Two times daily; QD: Once daily.
2

cellular rejection or serious adverse events. Minor changes in tacrolimus dosing may
be needed.

REFERENCES
1

2
3

4

5

6

7

8

9

10

11

WJH

Ghany MG, Morgan TR; AASLD-IDSA Hepatitis C Guidance Panel. Hepatitis C Guidance 2019
Update: American Association for the Study of Liver Diseases-Infectious Diseases Society of
America Recommendations for Testing, Managing, and Treating Hepatitis C Virus Infection.
Hepatology 2020; 71: 686-721 [PMID: 31816111 DOI: 10.1002/hep.31060]
European Association for the Study of the Liver. EASL Recommendations on Treatment of
Hepatitis C 2018. J Hepatol 2018; 69: 461-511 [PMID: 29650333 DOI: 10.1016/j.jhep.2018.03.026]
Prenner SB, VanWagner LB, Flamm SL, Salem R, Lewandowski RJ, Kulik L. Hepatocellular
carcinoma decreases the chance of successful hepatitis C virus therapy with direct-acting antivirals. J
Hepatol 2017; 66: 1173-1181 [PMID: 28161470 DOI: 10.1016/j.jhep.2017.01.020]
Reau N, Kwo PY, Rhee S, Brown RS Jr, Agarwal K, Angus P, Gane E, Kao JH, Mantry PS, Mutimer
D, Reddy KR, Tran TT, Hu YB, Gulati A, Krishnan P, Dumas EO, Porcalla A, Shulman NS, Liu W,
Samanta S, Trinh R, Forns X. Glecaprevir/Pibrentasvir Treatment in Liver or Kidney Transplant
Patients With Hepatitis C Virus Infection. Hepatology 2018; 68: 1298-1307 [PMID: 29672891 DOI:
10.1002/hep.30046]
Liao HT, Tan P, Huang JW, Yuan KF. Ledipasvir + Sofosbuvir for Liver Transplant Recipients With
Recurrent Hepatitis C: A Systematic Review and Meta-analysis. Transplant Proc 2017; 49: 18551863 [PMID: 28923637 DOI: 10.1016/j.transproceed.2017.04.014]
Bourlière M, Gordon SC, Flamm SL, Cooper CL, Ramji A, Tong M, Ravendhran N, Vierling JM,
Tran TT, Pianko S, Bansal MB, de Lédinghen V, Hyland RH, Stamm LM, Dvory-Sobol H,
Svarovskaia E, Zhang J, Huang KC, Subramanian GM, Brainard DM, McHutchison JG, Verna EC,
Buggisch P, Landis CS, Younes ZH, Curry MP, Strasser SI, Schiff ER, Reddy KR, Manns MP,
Kowdley KV, Zeuzem S; POLARIS-1 and POLARIS-4 Investigators. Sofosbuvir, Velpatasvir, and
Voxilaprevir for Previously Treated HCV Infection. N Engl J Med 2017; 376: 2134-2146 [PMID:
28564569 DOI: 10.1056/NEJMoa1613512]
Cardona-Gonzalez MG, Goldman JD, Narayan L, Brainard DM, Kowdley KV. Sofosbuvir,
Velpatasvir, and Voxilaprevir for Treatment of Recurrent Hepatitis C Virus Infection After Liver
Transplantation. Hepatol Commun 2018; 2: 1446-1450 [PMID: 30556034 DOI: 10.1002/hep4.1280]
Llaneras J, Riveiro-Barciela M, Lens S, Diago M, Cachero A, García-Samaniego J, Conde I,
Arencibia A, Arenas J, Gea F, Torras X, Luis Calleja J, Antonio Carrión J, Fernández I, María
Morillas R, Rosales JM, Carmona I, Fernández-Rodríguez C, Hernández-Guerra M, Llerena S, Bernal
V, Turnes J, González-Santiago JM, Montoliu S, Figueruela B, Badia E, Delgado M, FernándezBermejo M, Iñarrairaegui M, Pascasio JM, Esteban R, Mariño Z, Buti M. Effectiveness and safety of
sofosbuvir/velpatasvir/voxilaprevir in patients with chronic hepatitis C previously treated with DAAs.
J Hepatol 2019; 71: 666-672 [PMID: 31203153 DOI: 10.1016/j.jhep.2019.06.002]
Degasperi E, Spinetti A, Lombardi A, Landonio S, Rossi MC, Pasulo L, Pozzoni P, Giorgini A,
Fabris P, Romano A, Lomonaco L, Puoti M, Vinci M, Gatti F, Carolo G, Zoncada A, Bonfanti P,
Russo FP, Aghemo A, Soria A, Centenaro R, Maggiolo F, Rovere P, Pasin F, Paon V, Faggiano G,
Vario A, Grossi G, Soffredini R, Carriero C, Paolucci S, Noventa F, Alberti A, Lampertico P,
Fagiuoli S; NAVIGATORE-Lombardia and Veneto Study Groups. Real-life effectiveness and safety
of sofosbuvir/velpatasvir/voxilaprevir in hepatitis C patients with previous DAA failure. J Hepatol
2019; 71: 1106-1115 [PMID: 31433303 DOI: 10.1016/j.jhep.2019.07.020]
Garrison KL, German P, Mogalian E, Mathias A. The Drug-Drug Interaction Potential of Antiviral
Agents for the Treatment of Chronic Hepatitis C Infection. Drug Metab Dispos 2018; 46: 1212-1225
[PMID: 29695614 DOI: 10.1124/dmd.117.079038]
Sarrazin C, Cooper CL, Manns MP, Reddy KR, Kowdley KV, Roberts SK, Dvory-Sobol H,
Svarovskia E, Martin R, Camus G, Doehle BP, Stamm LM, Hyland RH, Brainard DM, Mo H, Gordon
SC, Bourliere M, Zeuzem S, Flamm SL. No impact of resistance-associated substitutions on the
efficacy of sofosbuvir, velpatasvir, and voxilaprevir for 12 weeks in HCV DAA-experienced patients.
J Hepatol 2018; 69: 1221-1230 [PMID: 30098373 DOI: 10.1016/j.jhep.2018.07.023]

https://www.wjgnet.com

1348

December 27, 2020

Volume 12

Issue 12

WJ H

World Journal of
Hepatology

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

World J Hepatol 2020 December 27; 12(12): 1349-1357

DOI: 10.4254/wjh.v12.i12.1349

ISSN 1948-5182 (online)

CASE REPORT

Successful hepatic resection for recurrent hepatocellular carcinoma
after lenvatinib treatment: A case report
Hideki Yokoo, Hiroyuki Takahashi, Masahiro Hagiwara, Hiroyoshi Iwata, Koji Imai, Yoshinori Saito, Naoto
Matsuno, Hiroyuki Furukawa

ORCID number: Hideki Yokoo 00000002-6203-8528; Hiroyuki Takahashi
0000-0003-2876-5964; Masahiro
Hagiwara 0000-0002-2589-3955;
Hiroyoshi Iwata 0000-0002-39700827; Koji Imai 0000-0001-93181450; Yoshinori Saito 0000-00029861-0442; Naoto Matsuno 00000001-5186-7331; Hiroyuki Furukawa
0000-0003-3559-4155.

Author contributions: Yokoo H,
Takahashi H, Hagiwara M, Iwata
H, and Imai K were the patient’s
hepato-biliary-pancreatic surgeons,
reviewed the literature, and
contributed to manuscript drafting;
Yokoo H, Takahashi H, and Saito Y
analyzed and interpreted the
imaging findings; Matsuno N and
Furukawa H were responsible for
the revision of the manuscript for
important intellectual content; All
authors issued final approval for
the version to be submitted.

Informed consent statement:
Informed written consent was
obtained from the patient for
publication of this report and any
accompanying images.

Conflict-of-interest statement: The
authors declare that they have no
conflict of interest.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the

WJH

Hideki Yokoo, Hiroyuki Takahashi, Masahiro Hagiwara, Hiroyoshi Iwata, Koji Imai, Naoto Matsuno,
Hiroyuki Furukawa, Division of Hepato-Biliary-Pancreatic Surgery and Transplant Surgery,
Department of Surgery, Asahikawa Medical University, Asahikawa 078-8510, Hokkaido, Japan
Yoshinori Saito, Department of Gastroenterology, Asahikawa-Kosei General Hospital,
Asahikawa 078-8211, Hokkaido, Japan
Corresponding author: Hideki Yokoo, MD, PhD, Associate Professor, Division of HepatoBiliary-Pancreatic Surgery and Transplant Surgery, Department of Surgery, Asahikawa
Medical University, 2-1 Midorigaoka-Higashi, Asahikawa 078-8510, Hokkaido, Japan.
hidekiyokoo@asahikawa-med.ac.jp

Abstract
BACKGROUND
Lenvatinib has been shown to be noninferior to sorafenib regarding prognosis and
recurrence rate in patients with unresectable hepatocellular carcinoma (HCC) who
have not received prior systemic chemotherapy. In patients treated with
lenvatinib, 40% of cases achieved sufficient tumor reduction to make potential
surgery possible. However, the outcomes of such surgery are unknown. We
report a successful case of hepatic resection for recurrent HCC after lenvatinib
treatment.
CASE SUMMARY
A 69-year-old man underwent right anterior sectionectomy for HCC in segment 8
of the liver. Ten months later, he was found to have an intrahepatic HCC
recurrence that grew rapidly to 10 cm in diameter with sternal bone metastases.
After confirming partial response to lenvatinib administration for 2 mo, a second
hepatectomy was performed. Pathological examination showed that 80% of the
tumor was necrotic. The patient did not develop any adverse effects under
lenvatinib treatment. He was discharged at 25 d after surgery. Radiation therapy
for bone metastases continued to be given under lenvatinib, and the patient has
remained alive for 1 year after the second hepatectomy.
CONCLUSION
The prognosis of patients with recurrent HCC may be improved by liver resection
combined with prior lenvatinib therapy.
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Core Tip: We report a case of intrahepatic hepatocellular carcinoma recurrence with
rapid growth and sternal bone metastases after initial resection. A second surgery was
successfully achieved after lenvatinib administration induced tumor shrinkage. Because
the patient had bone metastases, multidisciplinary therapy, postoperative radiation
therapy, and lenvatinib administration were performed, and the patient remains alive at
1 year postoperatively. In this case, lenvatinib induced a partial response for rapid
growth of recurrent hepatocellular carcinoma with bone metastases, and conversion to
surgery was successfully achieved for the purpose of controlling the intrahepatic lesion
for the first time.
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INTRODUCTION
The treatment strategy for hepatocellular carcinoma (HCC) has been established in
various guidelines, including the Clinical Practice Guidelines for Hepatocellular
Carcinoma in Japan[1], Barcelona Clinic Liver Cancer Guidelines[2], American
Association for the Study of the Liver Diseases Guidelines[3], and European Association
for the Study of the Liver European Organization for Research and Treatment of
Cancer Guidelines[4]. Hepatectomy is a potential curative treatment for early-stage
HCC. However, the indications for liver resection are limited by tumor progression
and liver function, and many cases are not eligible for resection. Transarterial
chemoembolization(TACE) is commonly used for these unresectable cases, but the
outcomes, especially of chemotherapy, have not been satisfactory compared with liver
resection until recently[5,6].
Against this background, the systemic chemotherapy landscape for HCC changed
more than a decade ago, with sorafenib demonstrating a survival benefit in the firstline setting and becoming the first systemic therapy to receive approval for HCC. More
recently, regorafenib and ramucirumab have been approved in the second-line setting
after sorafenib, and lenvatinib has emerged in the first-line setting after a positive
phase 3 study[7-11]. The advent of these effective molecular targeted agents has allowed
multidisciplinary treatments combined with chemotherapy and liver resection for
HCC.
Regarding colorectal cancer, there are many reports on postoperative adjuvant
therapy to prevent recurrence after resection and preoperative neoadjuvant
chemotherapy for colorectal cancer and its liver metastases[12-15]. Thus, conversion
therapy in colorectal cancer has become a routine practice. Although conversion
therapy for HCC has not yet been established, lenvatinib is expected to be a possible
candidate agent because it exhibited a tumor-reducing effect in 40% of cases in the
REFLECT study[14]. There is a possibility that patients with unresectable or recurrent
HCC can be converted to surgery after lenvatinib treatment. In the present case,
lenvatinib induced a partial response (PR) for rapid growth of recurrent HCC with
bone metastases, and conversion to surgery was successfully achieved for the purpose
of controlling the intrahepatic lesion.
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CASE PRESENTATION
Chief complaints
The patient complained of general malaise.

History of present illness
A 69-year-old man was referred to our facility with a diagnosis of recurrent HCC. He
had undergone right anterior sectionectomy for two tumors in segment 8 at another
hospital 10 mo previously. The pathological diagnosis of the two tumors was
moderately differentiated HCC and poorly differentiated HCC, respectively, without
vascular invasion. The pathological stage was stage III according to the Union for
International Cancer Control 8th edition.

History of past illness
The patient had undergone appendectomy for appendicitis at 27 years of age.

Personal and family history
The patient’s father had experienced lung cancer, and his sister had suffered from
breast cancer.

Physical examination
On physical examination, the patient had a temperature of 36.6 °C, heart rate of 76
bpm, respiratory rate of 16 breaths/min, blood pressure of 143/86 mmHg, and oxygen
saturation in room air of 98%. The patient’s weight was 59 kg. He had no jaundice or
anemia in the bulbar conjunctiva. There was an operative scar for an inverted Lshaped incision on the abdomen from the previous liver resection. No ascites and
encephalopathy were detected.

Laboratory examinations
The preoperative liver functional reserve was good. Laboratory data revealed serum
albumin of 3.5 g/dL, total bilirubin of 0.9 mg/dL, prothrombin time of 93%, and
indocyanine green retention rate at 15 min of 5.2%. The Child–Pugh score/
classification was 5/A and the albumin-bilirubin (ALBI) score/modified ALBI grade
was -2.19/2b. The alpha fetoprotein value was within the normal range, while the
protein-induced vitamin K absence or antagonist II value was elevated at 998
mAU/mL.

Imaging examinations
A computed tomography scan of the abdomen demonstrated a heterogeneous
contrast-enhanced mass of 10 cm in size in segment 7, which had rapidly increased in
5 mo (Figure 1A and 1B). The magnetic resonance imaging (MRI) images at 5 mo
before the second operation are shown in Figure 2 (A: T1 image; B: T2 image). There
was no evidence of the recurrent tumor on these MRI images. A positron emission
tomography examination showed elevated standardized uptake volume in the
sternum and slight uptake in the liver (Figure 3A and 3B). The patient was diagnosed
as recurrent HCC in segment 7 of the liver with metastasis in the sternum.

MULTIDISCIPLINARY EXPERT CONSULTATION
Yoshinori Saito, MD, PhD, Chief, Department of Gastroenterology, Asahikawa-Kosei
General Hospital
As a treatment strategy, we should administer lenvatinib at a dose of 8 mg because the
patient weighed less than 60 kg to suppress the rapidly increasing intrahepatic lesion,
and if the intrahepatic lesion exhibited shrinkage, we should surgically remove the
lesion. The reason for choosing lenvatinib was that in addition to the intrahepatic
recurrence, there was a sternal metastasis. Therefore, we considered that systemic
therapy would be better than transcatheter therapy, such as B-TACE. The reason for
not choosing surgical resection without prior lenvatinib was that the site of recurrence
was rapidly increasing, and it was thought that new lesions might appear in other
parts of the liver immediately after surgical resection. In addition, after surgical
treatment, we should perform postoperative radiation therapy and treatment using
molecular targeted drugs for the metastatic bone lesions.
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Figure 1 Preoperative computed tomography findings. Before lenvatinib administration, tumor stain was observed in the arterial phase and washout was
observed in the portal phase. After lenvatinib administration, the tumor stain disappeared in the arterial phase, and the tumor size was found to have decreased
slightly in the portal phase. A and B: Images of the arterial phase (A) and portal phase (B) before administration of lenvatinib; C and D: Images of the arterial phase
(C) and portal phase (D) after lenvatinib administration.

Figure 2 Magnetic resonance imaging findings at 5 mo before the second operation. There was no evidence of the recurrent tumor on the magnetic
resonance imagines. A: T1 image; B: T2 image.

FINAL DIAGNOSIS
Computed tomography imaging after 1 mo of lenvatinib administration revealed that
90% of the tumor had lost the contrast effect. The response evaluation was PR, though
close to complete response by the modified Response Evaluation Criteria in Solid
Tumors[16] (Figure 1C and 1D). Protein-induced vitamin K absence or antagonist II
decreased to 434 mAU/mL at 2 mo after the treatment (Figure 4).

TREATMENT
Because the intrahepatic recurrent tumor was reduced by administration of lenvatinib,
hepatectomy of segment 7 was performed, with blood loss of 3913 mL and operation
time of 545 min. Segments 5 and 6 were successfully preserved without bile duct
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Figure 3 Preoperative fluorodeoxyglucose-positron emission tomography-computed tomography. A: The positron emission tomographycomputed tomography scan revealed accumulation of fluorodeoxyglucose in the sternum. The diagnosis was bone metastases of hepatocellular carcinoma; B: Slight
uptake was observed in the liver.

Figure 4 Perioperative tumor marker changes. The protein-induced vitamin K absence or antagonist II level before lenvatinib administration was high at 998
mAU/mL. The protein-induced vitamin K absence or antagonist II level decreased to 434 mAU/mL at 2 mo after lenvatinib administration, and further decreased to 20
mAU/mL at 1 mo after the second surgery. AFP: α-Fetoprotein; M: Month; PO: Post-operation; PIVKA-II: Protein-induced vitamin K absence or antagonist II.

injury (Figure 5). Histopathological findings showed that 80% of the tumor was
necrotic, and the resected margin of the liver had no cancer component (Figure 6). The
reason for choosing surgical resection after lenvatinib was that long-term
administration of lenvatinib may result in decreased liver function such as decreased
albumin, which can make surgery impossible. Early surgery was selected because it
was unknown whether lenvatinib would result in a complete response, and it was
better to aim for complete removal of the tumor by surgery.
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Figure 5 Surgical findings. Findings before (A) and after (B) the second hepatectomy.

Figure 6 Macroscopic and pathological findings of the resected specimen. The findings revealed that 80% of the tumor was necrotic and the resected
margin of the cut liver surface showed no cancer component. A: Macroscopic findings; B: Pathological findings. N: Necrotic lesion; V: Viable lesion.

OUTCOME AND FOLLOW-UP
No serious complications, such as bile leakage, were observed. The protein-induced
vitamin K absence or antagonist II level decreased to the normal range after surgery
(Figure 3). The patient was discharged on day 25 after the operation. Radiation therapy
for bone metastases was performed by dividing 30 Gy irradiation into ten applications.
At 1 mo after the end of radiotherapy, there was a small intrahepatic recurrence, and
lenvatinib was immediately administered. PR was obtained, and the patient has
remained alive on administration for 1 year after the second hepatectomy.

DISCUSSION
Here, we report a case in which lenvatinib was administered to a rapidly growing
recurrent HCC, and conversion to hepatectomy was achieved after PR was obtained.
There are previous case reports describing conversion to surgery for HCC after
molecular targeted drug therapy with sorafenib and regorafenib[17,18]. The present case
report describing conversion to surgery for recurrent HCC after lenvatinib treatment
appears to be the first case.
Numerous papers have been published on conversion to surgery for colorectal liver
metastases[19,20]. However, conversion therapy for HCC has not been established.
Lenvatinib is expected to be a possible candidate agent and provides a new treatment
perspective for recurrent HCC. To date, most reports have described cases of
unresectable or recurrent HCC that were converted after local treatment, such as
TACE and hepatic arterial infusion chemotherapy (HAIC), or after conventional
anticancer drug treatment[21,22]. For example, in a report from the MD Anderson Cancer
Center[23], the chemotherapy regimen was cisplatin, interferon α-1b, doxorubicin, and
5-fluorouracil, but the doses and administration schedules had two types
(conventional and modified). The study compared and examined the resection rate
(conversion rate to curative surgery) and survival rate between the two regimens. In
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the results, the 3-yr survival rates were 70% for modified chemotherapy plus surgery (
n = 11) compared with 20% for modified chemotherapy alone (n = 22) and 60% for
conventional chemotherapy plus surgery (n = 8) compared with 5% for conventional
chemotherapy alone (n = 76). Therefore, the cases with conversion to surgery showed
better survival rates for both the conventional and modified regimens. There are
various other reports on conversion to surgery. Hamaoka et al[22] investigated the safety
of hepatectomy and overall survival (OS) in 52 patients with unresectable advanced
HCC treated with HAIC combined with three-dimensional chemoradiation therapy
for portal vein tumor thrombus and compared the resection group with the
nonresection group. As a result, OS was significantly higher in the resection group
than in the nonresection group. A multivariate analysis identified conversion to
surgery as an independent factor influencing OS.
A recent report described a case of HCC with hepatic vein tumor thrombosis
protruding into the inferior vena cava that was successfully treated by surgery after
second-line chemotherapy with regorafenib[24]. Administration of sorafenib was
initially started for this case, but 5 wk later the lesion had increased in size. Therefore,
regorafenib was subsequently given as second-line therapy and administered for 12
mo. After shrinkage of the inferior vena cava-hepatic vein tumor thrombus, conversion
to surgery was successful and a better prognosis was achieved. Meanwhile, Sato et al[25]
described a patient with initially unresectable HCC and an arterioportal shunt who
underwent conversion hepatectomy after multidisciplinary treatment including
lenvatinib[25].
Thus, it is expected that the number of conversion cases will increase with the
advent of molecular targeted drugs thereby contributing to improvement in the
prognosis of HCC. Similar to previous reports, our patient obtained PR for recurrent
HCC after lenvatinib administration and conversion to surgery was achieved.
Therefore, it is anticipated that survival can be prolonged by continuing treatment
with lenvatinib for bone metastases only.
The limitation is that the administration period for the molecular targeted drug
before surgery and the timing of conversion to surgery are unknown. Therefore, it is
necessary to collect more cases and perform further studies to clarify these points.

CONCLUSION
In conclusion, we have reported a case of recurrent HCC in which PR was obtained
and conversion to surgery was achieved after lenvatinib administration. We believe
that even for unresectable advanced and recurrent HCC, hepatectomy can be
performed after administration of molecular targeted therapeutic drugs such as
lenvatinib and can thus contribute to improvement of the prognosis.
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Abstract
BACKGROUND
Hepatitis E virus (HEV) superinfection is a suspected promoting factor for
hepatocellular carcinoma (HCC) in patients with chronic hepatitis and cirrhosis.
However, to date, very few cases of HEV-related HCC have been reported.
Nevertheless, the role of HEV re-infection in cirrhotic liver without other chronic
hepatitis infections has rarely been explored.
CASE SUMMARY
A 53-year-old male farmer was diagnosed with liver cirrhosis and splenomegaly
in August 2016, accompanied with negative HEV-IgM and positive HEV-IgG. No
evidence of hepatitis B virus or hepatitis C virus infection was found. Since then
the patient was evaluated for liver function and viral parameters every 3 mo. In
June 2017, the patient presented severe fatigue with whole body itching and was
diagnosed with HCC. Afterwards this patient experienced quick HCC
development, progression, relapse, and metastasis in the following 8 mo, and
presented persistent dual positivity of HEV-IgM and HEV-IgG. This patient had a
long history of smoking and alcohol consumption.
CONCLUSION
This unique case invokes the importance of HEV surveillance and treatment
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Core Tip: The role of chronic hepatitis E virus (HEV) superinfection in hepatocellular
carcinoma (HCC) progression in cirrhotic patients with negative hepatitis B virus
(HBV) infection has not been studied. We present herein a unique chronic HEV case
with liver cirrhosis who experienced repeated HEV re-infection and rapid HCC
development and relapse. This case highlights the importance to investigate the
association between HEV re-infection and rapid development of HCC and progression
in liver cirrhosis cases, even in the absence of HBV infection. Moreover, routinely
detecting HEV infection in high risk occupational group and all blood donors is
warranted. Additionally, the treatment for symptomatic and asymptomatic chronic
HEV infection is highly suggested.
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INTRODUCTION
To date, four pathogenic hepatitis E virus (HEV) genotypes have been identified. HEV
genotypes 1 and 2 are transmitted mainly through the faecal-oral route while HEV
genotypes 3 and 4 are likely to spread from infected animals to the human[1,2]. HEV
infection has been indicated in certain populations, such as immunocompromised
patients or patients with chronic hepatitis B virus (HBV) infection accompanied with
or without hepatic decompensation, either as a promoting factor or a cause for the
progression of cirrhosis and hepatocellular carcinoma (HCC)[3-6]. However, the impact
of HEV infection on the risk of HCC development and progression in cirrhotic patients
without HBV infection remains largely unknown. To date, only few chronic HEVrelated HCCs have been reported[7], with most of these having existing cirrhosis prior
to HEV infection. In addition, to our knowledge the cases with repeated HEV infection
have not been reported up to now, which are defined by persistent dual positivity for
HEV-IgG and HEV-IgM. Here, we descript a unique case of HEV reinfection in a
patient with liver cirrhosis who had rapid HCC development, progression, relapse,
and metastasis.

CASE PRESENTATION
Chief complaints

P-Reviewer: Bock CT, Hu J
S-Editor: Huang P
L-Editor: Wang TQ
P-Editor: Li JH
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A 53-year-old male farmer presented himself to the clinic of general surgery in June
2017 because of severe fatigue with whole body itching for 10 mo.

History of present illness
In August 2016, the patient was admitted to the hospital due to hematemesis and
melena. He had been diagnosed with liver cirrhosis, confirmed by ultrasonography
and computed tomography (CT), complicated with esophagogastric varices by
gastroscopy and splenomegaly by ultrasonography and CT. This patient had
splenectomy in September 2016 and blood transfusion during surgery. The
pathological result suggested a chronic congestive splenomegaly. At that moment, the
serum test determined that he was anti-HEV IgM negative and IgG positive.
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History of past illness
He had no hypertension, diabetes, or other chronic diseases.

Personal and family history
The patient had a history of alcohol use with 200 mL daily intake and smoking 20
cigarettes a day for 20 years. Since June 2017 when HCC was diagnosed, the patient
had quitted alcohol drinking and smoking. Moreover, he had no family history of
cancer.

Physical examination
Initial physical examination demonstrated pale skin with normal blood pressure
(85/122 mmHg) and normal heart rate (80/min). No jaundice was observed in the skin
and abdominal palpation elicited no pain.

Laboratory examinations
Serum anti-HEV IgG and IgM detection performed by enzyme-linked immunosorbent
assay revealed that this patient was HEV-IgM and HEV-IgG double positive at
admission in June 2017, and no evidence of hepatitis A virus (HAV), HBV, or hepatitis
C virus (HCV) infection was detected (Table 1).
The biochemical test at admission showed normal alanine aminotransferase (ALT, <
40 U/L), slightly elevated aspartate aminotransferase (AST, 39-60 U/L) and alkaline
phosphatase (ALP, 121-147 U/L), and highly elevated gamma glutamyl transferase
(GGT, 154-186 U/L) and total bile acid (TBA, 27-34 µmol/L) (Figure 1, Table 1, and
Supplementary Material).

Imaging examinations
At admission in June 2017, the CT and magnetic resonance imaging (MRI)
examinations detected multi-site liver masses (S5, S8), cirrhosis, portal hypertension,
and esophageal and fundus varices (Supplementary Material).

FINAL DIAGNOSIS
The patient was diagnosed with HCC based on CT and MRI results[8], accompanied
with double positivity for HEV-IgM and HEV-IgG.

TREATMENT
In July 2017, the patient was classified with Barcelona Clinical Liver Cancer (BCLC)
stage B, and transarterial chemoembolization (TACE) was conducted at S5 and S8
according to the international guidelines[9,10].

OUTCOME AND FOLLOW-UP
The patient was then regularly followed every 3 mo upon discharge in August 2017.
Since then, serum sample tests were persistently positive for HEV-IgM and HEV-IgG
till April 2018, but HEV RNA was not detectable by quantitative real-time PCR.
During the follow-up period till April 2018, the patient presented significantly
increased blood levels of GGT, type IV pro-collagen, and hyaluronidase. There was an
obvious peak of ALT (135-139) and AST (67-167) in November 2017 during
hepatectomy. Except for this perioperative elevation, ALT and AST remained normal
or slightly increased (Figure 1). A normal range of alpha fetoprotein (AFP) was also
observed during the whole admission period (Figure 2). Serum HEV RNA result was
negative by quantitative real-time PCR (Supplementary Material).
One month after the discharge, CT examination suggested enhanced areas in S8
again. Then the patient was treated with radiofrequency ablation (RFA), which was
commonly applied among patients with old age and/or accompanied by other
diseases such as liver cirrhosis[11], or used to shrink the tumor and reduce the surgical
trauma probably caused by succeeding partial hepatectomy. Afterward, progressive
HCC was evidenced by strengthened CT signal at the previously diagnosed site (S8) as
well as a new site (S3) after 2 mo, in November 2017. A partial hepatectomy was
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Table 1 Laboratory results of the patient from August 2016 to April 2018
Time of
admission (d)

1st

2nd

3rd

4th

5th

6th

7th

Date of admission

2016-08-19

2017-06-20

2017-09-26

2017-11-20

2018-02-07

2018-02-23

2018-04-16

Diagnosis

Cirrhosis

HCC

HCC

HCC

HCC

HCC

HCC

Treatment

Splenectomy

TACE

RFA

Partial hepatectomy

MWA

TACE and
MWA

HEV IgM

Negative

Positive

Positive

Positive

Positive

HEV IgG

Positive

Positive

Positive

Positive

Positive

GLU (mmol/L)

7.81

4.49

5.82

5.04

5.44

5.31

4.67

BUN (mmol/L)

13.1

3.1

3.54

4.35

4.3

4.2

3.7

CO2_CP (mmol/L)

23.7

21.2

22.3

24

25.4

25.9

23.5

UA (umol/L)

334

271

312

293

282

289

300

CREA (umol/L)

65.5

58.4

72.8

65.25

65.7

61.1

62

ALT (U/L)

27

24

40

45

20

20

43

GGT (U/L)

166

154

224

232

67

65

195

ALP (U/L)

59

121

119

132

114

104

151

ChE (U/L)

3405

3926

4545

4393

3834

3515

3966

TP (g/L)

56.5

63.2

63.8

63.8

67.6

63.2

70.7

ALB (g/L)

27.2

29.3

30.8

31.3

30.6

29.2

32.5

TB (umol/L)

30.9

33.7

26.6

36.1

29.8

33.5

30.8

DB (umol/L)

8

7.7

5.4

7.7

7.7

7

7.8

TBA (umol/L)

2

27

46

22

76

41

32

Na (mmol/L)

141.6

141.2

140.7

141.9

139.3

141.4

139.9

K (mmol/L)

3.96

3.95

3.94

4.15

4.06

3.9

4.04

Cl (mmol/L)

109.6

109

107.1

108

109.9

109.3

107.7

Ca (mmol/L)

2

2

2.1

2.1

2.19

2.13

2.06

PHOS (mmol/L)

1.22

1.28

1.21

1.27

1.2

1.26

1.23

Mg (mmol/L)

0.81

0.7

0.81

0.82

0.83

0.81

0.84

AST (U/L)

38

39

49

67

38

37

55

CІV (ng/mL)

151.98

169.96

162.28

LN (ng/mL)

32.25

82.65

60.27

PШP (ng/mL)

10.9

17.33

15.82

HA (ng/mL)

841.13

592.83

553.67

HBsAg (E) (COI)

0.481

0.452

0.575

0.386

Anti-HBs (E) (IU/L) 494.2

309.7

308.1

353.5

HBeAg (E) (COI)

0.102

0.087

0.097

0.1

Anti-HBe (E) (COI)

1.27

1.12

1.15

1.23

Anti-HBc (E) (COI)

0.008

0.009

0.01

0.011

HBV-DNA (FQPCR) (IU/mL)

10

10

10

< 500

HAV IgM

Negative

0.478

Negative

Negative

Negative

Negative

Anti-HCV (COI)

0.03

0.04

0.04

HIV COM (COI)

0.21

0.22

0.24
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Syphilis (COI)

0.08

0.07

0.08

AFP (A) (ng/mL)

4.12

3.6

4.57

8.59

2.7

3.79

3.58

CEA (A) (ng/ml)

4.74

4.86

4.32

5.47

4.71

5.89

5.65

PSA (A) (ng/mL)

0.1

HCC: Hepatocellular carcinoma; TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; MWA: Microwave ablation; HEV:
Hepatitis E virus; IgM: Immunoglobulin M; IgG: Immunoglobulin G; GLU: Glucose; BUN: Blood urea nitrogen; CO2_CP: Carbon dioxide combining
power; UA: Uric acid; CREA: Creatinine; ALT: Alanine aminotransferase; GGT: Gamma glutamyl transferase; ALP: Alkaline phosphatase; ChE:
Cholinesterase; TP: Total protein; ALB: Albumin; TB: Total bilirubin; DB: Direct bilirubin; TBA: Total bile acids; AST: Aspartate aminotransferase; CIV:
collagen IV; LN: Laminin; PШP: Precollagen type III peptidase; HA: Hyaluronate; HBsAg: Hepatitis B surface antigen; Anti-HBs: Hepatitis B surface
antibody; HBeAg: Hepatitis B e Antigen; Anti-HBe: Hepatitis B e antibody; Anti-HBc: Hepatitis B core antibody; Anti-HCV: Hepatitis C virus antibody;
HIV COM: Combination of HIV antibody; AFP: Alpha fetoprotein; CEA: Carcino-embryonic antigen; PSA: Prostate specific antigen; PHOS: Phosphorus;
COI: Cut off index.

Figure 1 Biological measurements of liver function of the patient from August 2016 to April 2018. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: Gamma glutamyl transferase; ALP: Alkaline phosphatase; TBA: Total bile acid; HCC: Hepatocellular carcinoma; HEV: Hepatitis E virus.

conducted to remove the relapsed tumors at the previous treatment site (S8) and the
new site (S3). The histological examination of surgically resected tissue confirmed
cirrhosis and multi-site HCC grading from I to II, with sizes ranging from 0.6 cm to 0.9
cm. The histopathological examination revealed that tumors were CD10, CD34, CEA,
and Glypican III positive (Figure 3, Supplementary Material).
In the following 2 mo, a newly developed liver tumor was identified by CT at S2
and a suspected right upper zone lung metastasis was also indicated. Microwave
ablation (MWA) treatment was applied at S2 for HCC relapse. In April 2018, suspected
tumor nodes at S8 were detected by CT again, followed by TACE and MWA treatment
at S8 (Supplementary Material).
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Figure 2 Alpha fetoprotein test results of the patient between August 2016 and April 2018. AFP: Alpha fetoprotein; HEV: Hepatitis E virus.

Figure 3 Histopathologic characterization of hepatocellular carcinoma. A and B: Haematoxylin and eosin staining of the patient’s pathological tissue.

This patient was treated with MWAs in July 2018 and December 2018 due to newly
identified HCC relapses.
During the whole process, no anti-viral medications including interferon-based
therapeutics were prescribed to the patient. And, no further HEV infection
examination was performed after April 2018.
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DISCUSSION
At the first presentation to the clinic, this patient suffered from chronic HEV infection,
evidenced by positive HEV-IgG and negative HEV-IgM, and cirrhosis simultaneously,
but no chronic HBV or HCV infection. In the following 20 mo, this patient was
suspected with repeated HEV infection, supported by persistent dual positivity for
HEV-IgM and HEV-IgG. More importantly, in the following 20 mo, the patient
experienced rapid HCC development, progression, multiple times of relapse, and
metastasis.
The patient is speculated to have initial infection of HEV in his farm where farm
animals are a suspected source of HEV infection[12]. A previous study has defined
farmers as a high risk group of HEV infection due to the potential dissemination of
HEV infection in Chinese farms[13]. However, the presumed cause of HEV re-infection
is blood transfusion during splenectomy. Previous studies have indicated that the
likelihood of developing clinically relevant HEV infection after transfusion of a HEV
positive blood product can be as high as approximately 50%[14,15]. And in immunosuppressed patients, receiving HEV-RNA positive blood products might lead to or
prompt the development of fatal acute-on-chronic liver failure[16,17]. Regarding to this,
the blood authorities in Europe have advocated to implement HEV screening among
blood donors[18]. Unfortunately, currently in China HEV is not tested on blood
donations, which therefore lets the patients on the risk of HEV infection from blood
transfusion. In this specific case, pre-existed liver cirrhosis predisposes the patient to
HEV reinfection, as well as subsequent HCC development. Additionally, the persistent
HEV re-infection might also be a result of the lack of anti-viral treatment for HEV
chronic infection, especially after the patient has developed HCC and during the
progression of HCC. In consequence, a small amount of virus in the liver is able to
repeatedly reactivate or cause infection, and invoke weak immune response which is
deficient to eliminate the viruses regardless of the production of a small amount of
anti-HEV antibodies.
The patient had the history of alcohol drinking and smoking, which might be the
underlying causes of cirrhosis[19-21], and the functional decompensated liver
predisposes the patient to HEV re-infection and rapid HCC development, progression,
relapse, and metastasis[22-24]. It was reported that long-term tobacco exposure would
increase the levels of hepatic cancer stem cell-like markers and variate the expression
of inflammatory factors IL-33[25]. Similarly, chronic and acute HEV infection would
increase the levels of some inflammatory factors and compromise liver function. On
the other hand, alcohol intake would lead to chromosomal loss, DNA methylation
aberration, genetic susceptibility, oxidative stress, and retinoic acid level decrease in
the liver[26]. Previous investigations revealed that excess alcohol consumption was
associated with high seroprevalence of HEV in cirrhosis cases, indicating that the
alcohol-decompensated liver would be more susceptible to HEV infection[22,27]. All
abovementioned risk factors are exhibited in this patient. Thus, we have rationale to
speculate a synergic effect evolved from proinflammatory state, genetic instability, and
hepatic decompensation leading to accelerated malignant progression in an HEVinfected and re-infected cirrhotic liver. Nevertheless, the definite association between
these factors and liver carcinogenesis remains to be further investigated.
Our study has several limitations. First, HEV genotype was not determined because
this test is not routinely performed for patients infected with HEV in clinical practice
in China. It has been well documented that in China genotype 4 is the most dominant
type in human chronic HEV infection, and the cases infected with other genotypes
have been reported but remain sporadic in China[28-30]. Nevertheless, in future a routine
diagnosis of HEV genotype should be implemented in both clinical and research
settings to acquire a deep insight into the association between chronic HEV infection
and development of HCC. Second, other potential HCC serum biomarkers such as
PIVKA were not screened. This case presented a normal range of AFP during the
whole admission period, which warned us the importance of utilizing other
biomarkers to assist in early detection of HCC, especially for cases with an uncommon
etiology. Further studies should set effort to develop a set of multiple biomarkers,
complementary with AFP, for clinical diagnosis of HCC.
Recent studies have suggested that immunocompromised patients are predisposed
to HEV infection[31,32], and HEV might promote the progression of HCC in patients
with chronic HBV infection and/or cirrhosis[33,34]. However, the role of HEV reinfection in patients with hepatic decompensation with or without chronic HBV
infection has not yet been explored, to our knowledge. Our observation in this unique
case has indicated that, regardless of chronic HBV infection, in patients with liver
cirrhosis HEV superinfection might promote not only HCC development and
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progression, but also relapse and metastasis. Our report provides new knowledge to
HEV-related carcinogenesis and clinical management of HEV-associated liver
pathologies. Future studies should emphasize on the mechanisms underlying HEV reinfection accelerated malignant transformation of cirrhotic liver in the presence or
absence of chronic HBV infection. The potentially distinct effect on HCC progression
exposed by unique sequential acquirement of HEV infection and cirrhosis is an
important question to address in future study as well.

CONCLUSION
This unique case highlights an urgent need to investigate the effect of HEV re-infection
on rapid HCC development and progression in cirrhotic liver, despite the presence of
chronic HBV infection. Our report also reveals the importance of routine screening
HEV in blood donations. Further, antiviral treatment for symptomatic and
asymptomatic HEV infection to cirrhosis and HCC patients is highly suggested.
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The majority of hepatocellular carcinoma (HCC) cases are associated with the
hepatitis B virus (HBV) infection. Autophagy related protein 9A (ATG9A) is a
transmembrane protein required for autophagosome formation. In order to
investigate the role of ATG9A in HBV-associated HCC, ATG9A protein
expression was determined in tumor liver tissues and compared with adjacent
nontumor tissues from HCC patients with or without HBV infection. In HBVassociated HCC tissues, ATG9A protein level was increased in tumor liver tissues,
but not in cases of non-HBV HCC. Our findings suggested that ATG9A might be
involved in HBV and cancer cell survival. Therefore, we aimed to analyze the
function of ATG9A in HBV replication using RNA interference to evaluate the
HBV DNA level using real-time PCR. In the present study, there were no
significant differences between shATG9A-transfected HepG2.2.15 cells and the
mock control. However, we found that silencing ATG9A affected apoptosis in
HepG2.2.15 and HepG2 cell lines. Our results indicated that ATG9A might be
partly involved in the survival of HCC. Thus, the inhibition of ATG9A together
with other targets might be a potential drug target for HCC treatment.
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tumor liver tissues compared to adjacent nontumor tissues from hepatocellular
carcinoma (HCC) patients with hepatitis B virus infection. We showed that silencing
ATG9A increased cell apoptosis of HepG2.2.15 and HepG2 cells. These results
suggested that ATG9A protein is involved in the survival of HCC. The inhibition of
ATG9A combined with other targets might be a potential drug target for HCC
treatment.
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TO THE EDITOR
Autophagy related protein 9A (ATG9A) is a transporter membrane molecule required
for initial autophagosome formation in the autophagy pathway[1]. ATG9A has been
identified as having the function of a stimulator of interferon (IFN) genes
(STING)inhibition. A loss of ATG9A results in enhanced assembly of STING/TANKbinding kinase 1 complexes in response to dsDNA, leading to an increase in innate
immune responses[2]. Silencing of ATG9A in macrophages increases STING-mediated
IFN-β production and promotes cell viability[3]. Our previous study reported that gene
and protein expressions of ATG9A were upregulated in HepG2 and HepG2.2.15 cells
compared with a THLE-2 hepatic cell line[4]. Thus, in this study we investigated the
role of ATG9A in hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC)
tissues. We found that ATG9A protein levels were highly increased in tumor liver
tissues in HBV-associated HCC (9 of the 10 sample pairs). In the case of non-HBV
HCC, ATG9A protein levels were decreased or slightly increased in tumor liver tissues
(Figure 1). Therefore, we hypothesized that HBV induces the upregulation of ATG9A
to benefit its replication. To determine the effect of ATG9A on HBV replication, HBV
DNA was quantified from shATG9A-transfected cells and compared to mock cells. We
observed no significant difference in shATG9A transfected cells (Figure 2).
HBV induces autophagy via the HBx protein and is directly involved in starvationinduced autophagy via upregulation of Beclin-1 expression[5]. HBx also binds and
activates phosphatidylinositol 3-kinase class III for autophagy induction[6]. Our study
showed that overexpression of HBx did not affect ATG9A expression (Figure 3),
suggesting that the function of ATG9A may not involve HBV replication or viral
clearance.
Autophagy is involved in tumor progression and tumor suppression. Several
studies have shown that HBV induces autophagy for cell survival in an unsuitable
environment[7]. In order to search for the effect of ATG9A on apoptosis, we performed
flow cytometry in HepG2.2.15 cells and compared against HepG2 cells after ATG9A
silencing. We found that silencing ATG9A increased apoptosis in both cell lines
(Figure 4), suggesting that ATG9A is involved in cell apoptosis related to HCC.
In conclusion, we provide information that ATG9A is highly expressed in HBVassociated HCC tissue samples and plays a role in cell apoptosis. Further studies are
needed to investigate the mechanism of ATG9A-mediated inhibition of apoptosis in
HCC.
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Figure 1 Quantification of autophagy related protein 9A protein levels from hepatitis B virus-infected hepatocellular carcinoma patients
and nonhepatitis B virus hepatocellular carcinoma patients. A: Western blotting with specific antibodies was used to analyze autophagy related protein
9A (ATG9A) protein expression in hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) and nonHBV-HCC. Glyceraldehyde-3-phosphate
dehydrogenase (GADPH) was used as a protein loading control; B: Graphs showing the intensity band ratio (tumor tissue/adjacent nontumor tissue) quantified using
the LI-COR® image system for western blot analysis.

Figure 2 Silencing of autophagy related protein 9A by RNA interference and detection of hepatitis B virus DNA level. A: The western blot
method was applied to analyze autophagy related protein 9 (ATG9A) protein levels against a mock treatment (control) and ATG9A knockdown (shATG9A)
HepG2.2.15 cells; B: Quantitation of hepatitis B virus (HBV) DNA by real-time PCR. Total purified DNA from mock treatment (mock) and ATG9A knockdown
(shATG9A) in HepG2.2.15 cells was amplified using preS1 specific primers. Hepatitis B virus preS1 plasmid was used as standard copy number. Data is shown as
mean ± standard error of the four independent experiments. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 3 Quantitative real-time reverse transcriptase-PCR analysis of autophagy related protein 9A mRNA expression in HepG2-GFP and
HepG2-HBx transfected cell lines. β-actin was used as an internal control. Data represent the mean ± standard error in the three independent experiments.
ATG9A: Autophagy related protein 9A.

Figure 4 Apoptosis assays of HepG2 and HepG2.2.15 transfected with sh-autophagy related protein 9A or shNeg (control). A: Cells were
transiently transfected with shRNA plasmids for 72 h and then cultured in starvation medium for 4 h; B: Bar graphs showing the percentage of total apoptotic cells
detected by Annexin V binding. Data represent the mean ± standard error from the three independent experiments. ATG9A: Autophagy related protein 9A.
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Abstract
BACKGROUND
A significant number of patients with liver cirrhosis concomitantly develop some
type of solid or hematological cancer, including lymphoma. Treatment of patients
with lymphoma and cirrhosis is challenging for physicians due to the clinical
characteristics related to cirrhosis, including biochemical and functional
abnormalities, as well as portal hypertension and lack of scientific evidence,
limiting the use of chemotherapy. Currently, experts recommend only offering
oncological treatment to patients with compensated cirrhosis.
AIM
To evaluate the clinical characteristics and treatment outcomes in patients with
cirrhosis and lymphoma treated with chemotherapy.
METHODS
This was a case-control study conducted at a tertiary care center in Mexico. Data
was recorded from medical files and from 8658 possible candidates with cirrhosis
and/or lymphoma (2000 to 2018). Only 23 cases had both diseases concomitantly;
10 patients with cirrhosis and lymphoma (cases) met the selection criteria and
were included, and 20 patients with lymphoma (controls) were included and
matched according to age, sex, and date of diagnosis, type and clinical stage of
lymphoma. All patients received treatment with chemotherapy. For statistical
analysis, descriptive statistics, Shapiro-Wilk test, Mann-Whitney U test, chisquare test and Fisher's exact test were used. Survival was evaluated using
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Kaplan-Meier curves and Log-rank test.
RESULTS
There were differences in biochemical variables inherent to liver disease and
portal hypertension in patients with cirrhosis. The most frequent etiology of
cirrhosis was hepatitis C virus (50%); 80% were decompensated, the median
Child-Turcotte-Pugh score was 7.5 (6.75-9.25), and mean Model for End-stage
Liver Disease was 11.5 ± 4.50. Regarding lymphomas, non-Hodgkin's were the
most common (90%), and diffuse large B cell subtype was the most frequent, with
a higher International Prognostic Index in the cases (3 vs 2, P = 0.049). The
chemotherapy regimens had to be adjusted more frequently in the case group
(50% vs 5%, P = 0.009). The complications derived from chemotherapy were
similar between both groups (80% vs 90%, P = 0.407); however, nonhematological toxicities were more common in the case group (30% vs 0%, P =
0.030). There was no difference in the response to treatment between groups.
Survival was higher in the control group (56 wk vs 30 wk, P = 0.269), although it
was not statistically significant.
CONCLUSION
It may be possible to administer chemotherapy in selected cirrhotic patients,
regardless of their severity, obtaining satisfactory clinical outcomes. Prospective
clinical trials are needed to generate stronger recommendations.
Key words: Cirrhosis; Cancer; Lymphoma; Chemotherapy; Treatment; Survival; Toxicity;
Adverse events
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Treatment in patients with liver cirrhosis and lymphoma represents a challenge
for physicians given the lack of scientific evidence. Experts recommend offering
oncological treatment only to patients with compensated cirrhosis. In this study, we
included mainly decompensated patients with cirrhosis and lymphoma, and when
compared to patients with lymphoma, we observed that clinical characteristics, response
rate and complications derived from chemotherapy were similar in both groups.
Chemotherapy was adjusted more in patients with liver dysfunction; however, this did
not alter the response to treatment or prognosis. We propose that lymphoma treatment
can be provided in patients with cirrhosis at any clinical state.
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INTRODUCTION
Liver cirrhosis and cancer are two major public health issues due to the high incidence
and prevalence of each of these diseases. The fact that these diseases are relatively
frequent in the general population increases the likelihood of having them
simultaneously[1,2]. It is well known that liver cirrhosis is the main risk factor for
developing hepatocellular carcinoma (HCC); however, it also increases the risk of
having other extrahepatic malignancies [3,4] . Considering that both entities have
common risk factors, such as alcohol consumption, smoking, obesity and metabolic
syndrome, they may appear concomitantly[5-10].
Since HCC is the most common type of cancer in cirrhotic patients, most of the
literature is centered on its management. Therefore, the management of other types of
cancer, especially those less frequent in this population, may present a bigger
challenge given that treatment-related hepatotoxicity can significantly affect the
prescription and response, as well as the incidence of adverse events.
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Lymphomas are malignant neoplasms of B, T and natural killer cells that represent
approximately 4.7% of all malignant tumors[11]. There are two main types, Hodgkin
lymphomas and non-Hodgkin lymphomas, which represent 10% and 90% of all of
these, respectively. Lymphomas can be divided into indolent or aggressive according
to their immunophenotype. With treatment, the five-year survival rates for nonHodgkin and Hodgkin lymphomas are 72% and 86.6%, respectively[11]. Currently,
with advances in chemotherapy, it is estimated that between 50% and 80% of all cases
are likely to be cured when optimal therapy is provided[12,13]. However, treatment of
lymphoma in patients with cirrhosis is a difficult task, and even the involvement of a
multidisciplinary team may still not be enough, considering the lack of published
literature about clinical outcomes, the narrow therapeutic index of the drugs and the
complicated safety problems that are typical in these patients.
A review article by the European Society of Medical Oncology published in 2016
establishes expert recommendations on the treatment of this type of patient,
indicating that it is always important to consider the severity of cirrhosis to establish
the best therapeutic strategy[14]. However, there are no available studies evaluating
survival and the different chemotherapy regimens used in patients who present
concomitantly with lymphoma and cirrhosis.
The appropriate strategy for chemotherapy treatment in patients with lymphoma
and liver cirrhosis has not yet been defined. Since most clinical trials for lymphoma
exclude patients with cirrhosis and vice versa, the available knowledge about clinical
outcomes and the use of chemotherapeutic agents in this context is based only on
recommendations from pharmaceuticals and experts, case reports, case series and
clinical trials investigating the usefulness of different drugs in the context of
hepatocellular carcinoma.
Due to the lack of guidelines for the management of these patients, there are only
small case series and case reports where the authors describe the therapy used in
patients with lymphoma and cirrhosis, treated effectively and safely[15-17]. Therefore,
the aim of this study was to evaluate clinical characteristics and treatment outcomes
(survival, the type of chemotherapeutic regimen used, and the response rate and
complications derived from it) in patients with liver cirrhosis and lymphoma
compared with patients with lymphoma.

MATERIALS AND METHODS
This was a case-control study conducted at a tertiary care center in Mexico City
(Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, INCMNSZ).
The study was performed in accordance with the Declaration of Helsinki of the World
Medical Association and was approved by our Institutional Ethics Committee with
Ref. No. 2914. All patients over 18 years of age with a diagnosis of liver cirrhosis
and/or lymphoma from January 1, 2000, to December 31, 2018, were considered for
inclusion. No written informed consent was obtained for the retrospective nature of
this study.

Patients with liver cirrhosis and lymphoma (case group)
The cases included patients with an established diagnosis of liver cirrhosis and
lymphoma. The diagnosis of cirrhosis was established by clinical tests (non-invasive
markers, biochemical markers and evidence of portal hypertension in
ultrasonography or the presence of esophageal varices in endoscopy) or liver biopsy.
The severity of the liver disease was assessed according to Child-Turcotte-Pugh
(CTP), Model for End-stage Liver Disease (MELD), and the MELD-Na (MELD
sodium) scores. The criterion for decompensated cirrhosis was defined by a CTP class
B or C or by the presence of an overt clinical decompensation (jaundice, variceal
hemorrhage, ascites, hepatic encephalopathy). The diagnosis of lymphoma was
established by histopathology. Patients who had a diagnosis of lymphoma prior to the
diagnosis of liver cirrhosis, those who refused treatment with chemotherapy, those
who died prior to administration of the chemotherapy regimen, and those with
incomplete data in the medical records were excluded.

Patients with lymphoma (control group)
The control group included patients with lymphoma diagnosed by histopathology,
with no evidence of liver disease. This group was electronically randomized for
selection. Patients who were not treated with chemotherapy and those with
incomplete data in the medical records were excluded. The ratio of controls and cases
was 2:1. Controls were adjusted with cases according to age (older or younger than 60
years), sex, date of diagnosis of lymphoma, type of lymphoma, and early (I and II) or
advanced (III and IV) clinical stage.
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Medical care
The patients in both groups received the standard medical care from the tertiary care
center. The patients in the case group were evaluated by the Departments of Internal
Medicine, Gastroenterology and Hematology, and the patients in the control group
were evaluated by the Departments of Internal Medicine and Hematology. The
chemotherapeutic treatment was proposed by the interdisciplinary group, and the
final decision was made by the Department of Hematology.

Statistical analysis
The distribution of continuous variables was evaluated using the Shapiro-Wilk test.
For the baseline clinical characteristics, descriptive statistics were used, for
quantitative variables, mean ± standard deviation or median and (p25-p75) were used
according to the distribution, while for qualitative variables, absolute frequencies
were used.
Student's t test was used whenever the data had a normal distribution, and MannWhitney U test was used when the data distribution was nonparametric. Chi-square
or Fisher's exact tests were used for categorical data, and Kaplan-Meier curves and
log-rank tests were used to evaluate survival. A value of P < 0.05 was considered
statistically significant. Statistical analysis was performed using the SPSS software
package version 25 (International Business Machines, Armonk, NY, United States).

RESULTS
We reviewed 8658 medical records of patients with diagnosis of lymphoma and/or
cirrhosis and found 23 patients with a concomitant diagnosis of liver cirrhosis and
lymphoma, of whom only 10 patients underwent chemotherapy. These were paired
with 20 patients with lymphoma without liver disease to perform the analysis. The
flowchart for patient inclusion is shown in Figure 1.

Baseline characteristics of the study population
The demographic, clinical and biochemical characteristics of the study population are
shown in Table 1. Differences were found, as expected, only in biochemical
parameters with changes inherent to cirrhosis compared to the non-cirrhotic
population.

Characteristics of the population with cirrhosis
The etiology and severity of liver disease in the case group are shown in Table 2. The
etiologies of liver cirrhosis were hepatitis C virus (HCV) in 5 (50%) patients, nonalcoholic fatty liver disease (NAFLD) in 2 (20%) patients, alcohol in 1 (10%) patient,
autoimmune hepatitis in 1 (10%) patient and cryptogenic in 1 (10%) patient. In
relation to the five patients with viral cirrhosis (HCV), four of them were treatment
naïve at the time of lymphoma diagnosis, and one of them had been treated
previously and achieved sustained virologic response before the onset of lymphoma.
Only one treatment naïve patient could receive antiviral treatment after
chemotherapy. Regarding liver disease, eight (80%) patients were in a decompensated
state of cirrhosis. The events of decompensation in the population included ascites in
6 (60%) patients, variceal bleeding in 5 (50%) patients, jaundice in 1 (10%) patient,
hepatic encephalopathy in 1 (10%) patient and spontaneous bacterial peritonitis in 1
(10%) patient. The median score according to the CTP scale was 7.5 points, and the
distribution for classes A/B/C of this scoring system was n = 2, 6, 2, respectively. The
mean score according to the MELD prognostic index was 11.5 ± 4.50 points, and
MELD-Na was 16.5 ± 5.12 points. The median time between the diagnosis of cirrhosis
and lymphoma was 2.16 years, with a range between the same diagnostic time and 8.6
years after the diagnosis of cirrhosis.

Characteristics of lymphoma in the population
The characteristics of patients with lymphoma in both groups are shown in Table 3.
Non-Hodgkin's lymphomas were the most common type (90%, n = 27), and within
these, the predominant histologic subtype was diffuse large B cell (80%) in 24 patients
(7 cases and 17 controls). In the case group, there was only one patient with Hodgkin's
lymphoma with histological variety of lymphocytic depletion. In relation to the
clinical stage, there were no significant differences between the two groups. The
severity, according to the different prognostic scales validated for the different types
of lymphoma, was greater in patients with cirrhosis [International Prognostic Index
(IPI): 3 vs 2, P = 0.049]. The quality of life according to the Eastern Cooperative
Oncology Group scale of performance status and the presence of B symptoms was
similar between both groups. Finally, we observed that from the established risk
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Figure 1

Figure 1 Flowchart for patient inclusion in the study. Flowchart showing the inclusion criteria of patients in the control group (n = 20) and the case group (n = 10).
We reviewed 8000 medical records of patients with cirrhosis, 23 of whom had a concomitant diagnosis of lymphoma and only 10 met the inclusion criteria for the
study. Additionally, we reviewed 658 medical records of patients with lymphoma, of which 620 were possible control candidates, and only 20 were electronically
randomized to maintain a 1:2 ratio of cases and controls.

factors for the development of lymphoma, the case group had a higher prevalence of
Helicobacter pylori infection (3 vs 0, P = 0.030).

Treatment and its outcomes
The type of chemotherapy and its outcomes in the study population are described in
Table 4. The drugs used in the most relevant chemotherapy regimens were very
similar between both groups. Chemotherapy was adjusted more frequently in patients
with cirrhosis and lymphoma than in patients with lymphoma alone (50% and 5%,
respectively, P = 0.009). In relation to complications derived from chemotherapy,
there were similarities between both groups (80% vs 90%, P = 0.407); however, nonhematological toxicities were more frequent in the case group (30% vs 0%, P = 0.030).
Regarding non-hematological toxicities, in the case group, 1 patient (10%) presented
acute kidney injury AKIN II, 1 patient (10%) presented atypical pneumonia, and 1
patient (10%) had acute non-infectious diarrhea grade II. In the control group, 18
(90%) patients had hematological toxicity, and there was no other type of toxicity.
Among the complications derived from chemotherapy, we found that most were
hematological toxicities, mainly anemia. On the other hand, it was remarkable that
patients with lymphoma and cirrhosis had a trend to develop less hematological
toxicity than the controls (cases 60% vs controls 90%, P = 0.141), which may be related
to the adjustment in chemotherapy. Within hepatic toxicities, only one
decompensating event (hepatic encephalopathy) occurred in one patient, which had
implications in the continuation of chemotherapeutic treatment but did not directly
correlate with the cause of death. Other important complications are infections, which
were higher in patients with cirrhosis and lymphoma, probably because of the
susceptibility of patients due to depletion of immunity, in addition to the state of
decompensation of the patients.
Treatment response was evaluated according to international recommendations
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Table 1 Baseline characteristics of the study population, n (%)
General characteristics

Cases (n = 10)

Controls (n = 20)

Female sex

6 (60)

12 (60)

Age (yr)

56 ± 14.2

57 ± 12.9

BMI (kg/m2)

25.57 ± 3.44

27.30 ± 7.57

Hodgkin lymphoma

1 (10)

2 (10)

Non-Hodgkin lymphoma

9 (90)

18 (90)

Hemoglobin (g/dL)

12.13 ± 2.39

11.97 ± 3.18

Platelets (K/μL)

166.60 ± 143.8a

293.9 ± 157.6

Leukocytes (K/μL)

5.4 ± 1.79

7.47 ± 3.79

Lymphoma type

Laboratory data

b

INR

1.24 ± 0.19

1.0 ± 1.0

Total bilirubin (mg/dL)

1.74 ± 1.31a

0.97 ± 0.75

Direct bilirubin (mg/dL)

0.76 ± 0.82a

0.27 ± 0.34

ALT (U/L)

31.82 ± 33.30

25.6 ± 13.35
a

AST (U/L)

48.50 ± 27.31

32.1 ± 16.52

Alkaline phosphatase (U/L)

210.40 ± 261.2

136.40 ± 149.1

Albumin (g/dL)

2.78 ± 0.69

3.3 ± 0.82

Sodium (mmol/L)

132 (130-138)

137 (132-140)

Creatinine (mg/dL)

0.82 ± 0.21

1.63 ± 2.25

β-2 Microglobulin (g/dL)

3.17 ± 1.39

3.02 ± 3.08

LDH (U/L)

198.29 ± 119.81

356.5 ± 304.86

Obesity

2 (20)

6 (30)

Dyslipidemia

0 (0)

4 (20)

Diabetes mellitus

3 (30)

3 (15)

Arterial hypertension

2 (20)

8 (40)

Alcohol consumption

3 (30)

5 (25)

Tobacco consumption

5 (50)

7 (35)

Rheumatoid arthritis

0 (0)

2 (10)

Comorbidities

mean ± SD, median (p25-p75), absolute frequencies (%);
a
P < 0.05 vs controls,
b
P < 0.01 vs controls. BMI: Body mass index; INR: International normalized ratio; ALT: Alanine transaminase;
AST: Aspartate transaminase; β-2 Microglobulin: Beta-2 microglobulin; LDH: Lactic dehydrogenase.

and divided into complete response (4 cases vs 10 controls, P = 0.488), partial response
(4 cases vs 9 controls, P = 1.0), stable disease (2 cases vs 1 controls, P = 0.251), disease
progression (5 cases vs 5 controls, P = 0.231) and relapse (2 cases vs 3 controls, P = 1.0).
The number of deaths in patients with cirrhosis was 7 (70%), and in patients without
liver disease, there were 8 deaths (40%), although it was not significant (P = 0.209).
The survival of patients in both groups can be seen in Figure 2 in the Kaplan-Meier
curve. Table 5 shows that the mean survival of patients with lymphoma without liver
disease was 56 wk, while in patients with lymphoma and cirrhosis, it was 30 weeks on
average, although no statistically significant difference (P = 0.269) was observed, most
likely due to the sample size.

DISCUSSION
Liver cirrhosis is a frequent disease worldwide and is the 14th cause of mortality
globally [18] . In addition, these patients have risk factors related both to the
development of cirrhosis (such as HCV infection) and disease per se (alterations in
immune surveillance), which confers an increased risk of developing neoplastic
diseases, including lymphomas [19-21] . Due to the progressive increase in hepatic
diseases such as NAFLD, it is expected that in the next years, there will be more cases
of cirrhosis, and concomitantly, these patients may develop extrahepatic tumors such
as lymphoma, making it necessary to know how to approach these patients with both
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Table 2 Characteristics of the population with liver cirrhosis, n (%)
Characteristics of patients with cirrhosis

Cases (n = 10)

Etiologies of cirrhosis
HCV

5 (50)

NAFLD

2 (20)

Alcohol

1 (10)

Autoimmune hepatitis

1 (10)

Cryptogenic

1 (10)

States of cirrhosis
Compensated

2 (20)

Decompensated

8 (80)

Events of decompensation
Jaundice

1 (10)

Variceal bleeding

5 (50)

Ascites

6 (60)

Spontaneous bacterial peritonitis

1 (10)

Encephalopathy

1 (10)

CTP score

7.5 (6.75-9.25)

CTP class A

2 (20)

CTP class B

6 (60)

CTP class C

2 (20)

MELD

11.5 ± 4.50

MELD-Na

16.5 ± 5.12

mean ± SD, median (p25-p75), absolute frequencies (%). HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty
liver disease; CTP: Child-Turcotte-Pugh; MELD: Model for End-stage Liver Disease; MELD-Na: Model for
End-stage Liver Disease sodium.

conditions.
Chronic liver disease (especially cirrhosis) poses multiple challenges when deciding
the type of chemotherapy due to clinical characteristics of these patients, including
hypersplenism, with a lower margin of safety for hematological complications such as
thrombocytopenia, anemia, and leukopenia; the elevation in bilirubin levels is itself
one of the few parameters recommended for chemotherapy adjustment, but which
may be biased in interpretation in patients with cholestatic diseases such as primary
biliary cholangitis; and finally, the patient's general condition, in which cachexia,
deconditioning, low protein/albumin levels and decreased liver function are
observed.
Currently, the recommendations issued by different experts are based solely on the
evaluation of liver function as the main determinant of its prognosis. Patients with
compensated cirrhosis, whose prognosis they consider to be defined primarily by
cancer, are considered for chemotherapy. On the other hand, decompensated patients,
whose prognosis is estimated to be determined by liver disease, are not considered for
treatment because experts believe it may further worsen liver function and only
provide supportive care. While these factors should be taken into account, there is no
strong recommendation that more objectively delimits the optimal parameters for
offering chemotherapy treatment, which gives the patient a greater survival rate
without neglecting their safety.
In the present study, expected differences between cases and controls were
observed in biochemical parameters, including liver function tests abnormalities, high
INR and low platelet levels. These differences are secondary to liver disease itself and
portal hypertension leading to hypersplenism.
It is noteworthy that most (80%) of the patients with cirrhosis in the study were in a
decompensated phase of the disease. This is of utmost importance, since according to
the current expert recommendations, these patients would be excluded from
oncological treatment. However, despite decompensation, treatment with
chemotherapy is feasible in this population without affecting safety or presenting
greater toxicity or adverse events.
Regarding the general characteristics of lymphomas, the majority (66%) of patients
in the study were diagnosed at advanced stages (clinical stage III and IV) of the
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Table 3 Characteristics of the lymphoma cases, n (%)
Characteristics of lymphomas

Cases (n = 10)

Controls (n = 20)

Non-Hodgkin lymphoma

9 (90)

18 (90)

Diffuse large B cell

7 (70)

17 (85)

Follicular

1 (10)

0 (0)

Others

1 (10)

1 (5)

Hodgkin lymphoma

1 (10)

2 (10)

Nodular sclerosis

0 (0)

1 (5)

Lymphocyte predominant

0 (0)

1 (5)

Lymphocyte depleted

1 (10)

0 (0)

I

1 (10)

4 (20)

II

2 (20)

3 (15)

III

1 (10)

6 (30)

IV

6 (60)

7 (35)

Extra nodal involvement

6 (60)

9 (45)

IPI score

3 (2.5-3)a

2 (1-3)

FLIPI score

3

-

IPS score

3

2.5

ECOG Performance Status

2 (1-2.25)

2 (1-2)

Fever

3 (30)

6 (30)

Weight loss

9 (90)

11 (55)

Nocturnal diaphoresis

4 (40)

6 (30)

Helicobacter pylori

3 (30)a

0 (0)

Lymphoma type and subtypes

Clinical stages

Prognostic scale

B symptoms

Median (p25-p75), absolute frequencies (%);
a
P < 0.05 vs controls; bP < 0.01 vs controls. IPI: International Prognostic Index; FLIPI: Follicular Lymphoma
International Prognostic Index; IPS: International Prognostic Score; ECOG: Eastern Cooperative Oncology
Group scale of Performance Status.

disease, most patients had B symptoms, with weight loss being the most common
(66%) and one of the main reasons for seeking medical care. In the case of diffuse
large B cell non-Hodgkin's lymphomas, the IPI was significantly higher in cases than
in controls (cases 3 vs 2 controls, P = 0.049), maybe due to increased extra nodal
involvement.
Finally, it should be noted that in relation to the risk factors associated with the
development of lymphoma, the group of patients with liver disease had a higher
incidence of a history of H. pylori infection, which has been reported in previous
studies. These studies have shown an increased risk of H. pylori infection in patients
with liver cirrhosis, especially in those with viral etiology (HCV and hepatitis B virus),
most likely due to impaired immune function[22,23].
In relation to survival, as seen in the Kaplan-Meier curves, patients with cirrhosis
had a lower survival rate (almost half compared to those without liver disease),
although it failed to reach statistical significance, probably due to the sample size;
however, despite the extensive search of nearly 9000 patients (including those with
cirrhosis and those with lymphoma), only the cases described in this study were
found.
Even though the presence of portal hypertension-related complications contributes
to the increased mortality in patients with cirrhosis and lymphoma, this should not
preclude the evaluation and treatment of hematological disease with curative
intentions. Regarding this, in the group of cases, we found a CTP class C patient who
received non-adjusted chemotherapy and had an overall survival of 82 week to finally
receive a liver transplant. This is important because it shows that even in
decompensated patients, curative treatment is feasible and not confining the patient to
palliative treatment only.
It is important to note that chemotherapy is usually adjusted with the value of
bilirubin; therefore, cirrhotic patients, having high bilirubin levels from the liver
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Table 4 Type of chemotherapy and treatment outcomes, n (%)
Chemotherapy

Cases (n = 10)

Controls (n = 20)

Rituximab

5 (50)

9 (45)

Cyclophosphamide

8 (80)

17 (85)

Doxorubicin

5 (50)

15 (75)

Vincristine

8 (80)

17 (85)

Prednisone

6 (60)

17 (85)

Bleomycin

2 (20)

3 (15)

Dacarbazine

1 (10)

2 (10)

Etoposide

4 (40)

3 (15)

Vinblastine

0 (0)

2 (10)

Methotrexate

1 (10)

4 (20)

Ifosfamide

2 (20)

2 (10)

Carboplatin

2 (20)

2 (10)

Dexamethasone

2 (20)

1 (5)

Others

2 (20)

4 (20)

Chemotherapy adjustment

5 (50)b

1 (5)

Radiotherapy

1 (10)

2 (10)

Complete response

4 (40)

10 (50)

Partial response

4 (40)

9 (45)

Stable disease

2 (20)

1 (5)

Disease progression

5 (50)

5 (25)

Relapse

2 (20)

3 (15)

Complications

8 (80)

18 (90)

Hematologic toxicity

6 (60)

18 (90)

Gastrointestinal toxicity

1 (10)

0 (0)

Renal toxicity

1 (10)

0 (0)

Infectious toxicity

1 (10)

0 (0)

Decompensating events

1 (10)

-

Death

7 (70)

8 (40)

Drugs

Treatment response

Absolute frequencies (%). aP < 0.05 vs controls;
b
P < 0.01 vs controls.

disease itself, an adjustment is often made that may even contraindicate certain drugs
and are not given a complete regimen that they could tolerate.
Although there are clinical characteristics that make patients with cirrhosis not the
best candidates to receive chemotherapy, in this study it was observed that this
treatment is feasible even in decompensated patients, observing greater renal,
gastrointestinal and infectious toxicity. None of these complications caused death,
which will help to more closely monitor this type of complications in patients with
cirrhosis and lymphoma treated with chemotherapy, as well as to develop more
studies to establish the safety margin of these drugs and to adequately define the
adjustment and effectiveness of chemotherapy.
It is important to emphasize that currently, there are no international guidelines on
the management of these patients, and in the field of clinical research, there is very
little work to develop scientific evidence in this regard. Although several positions
have been proposed by different experts in the field, they do not have satisfactory
clinical validation. The absence of randomized clinical trials with this patient group
means that the choice of treatment is not evidence-based. Therefore, it is important
that in the future, clinical trials on chemotherapy treatments that include patients with
cirrhosis are designed to generate recommendations based on the evidence and to
know their outcomes.
This is the first study evaluating the clinical characteristics, the type of
chemotherapy, the response and complications arising from the treatment, and
survival in patients with cirrhosis and lymphoma.

WJH

https://www.wjgnet.com

42

February 27, 2020

Volume 12

Issue 2

González-Regueiro JA et al. Outcomes in liver cirrhosis and lymphoma
Figure 2

Figure 2 Kaplan-Meier survival curve. Kaplan-Meier curve showing survival in both groups during 140 wk of followup.

The strengths of the study include an adequate methodology and the fact that all
patients had a thorough evaluation of the characteristics of cirrhosis and its
complications, sometimes in other studies overlooked when evaluated only by one
type of specialist. In this study, the type and adjustment of chemotherapy was
decided by a multidisciplinary team (Internal Medicine, Hematology,
Gastroenterology and Hepatology) according to the available guidelines in a noncirrhotic population.
This study has some limitations; first, being a retrospective study, it has an inherent
risk of information and selection bias. Some of the bias that may be present in this
study may be due to the fact that we analyzed patients from a large time period,
which could cause differences in the available treatments. Additionally, we excluded
patients who refused chemotherapy or died before receiving it, which could be
considered as bias; however, since we wanted to evaluate the response to
chemotherapy, it was considered necessary to exclude them for the purpose of the
study. On the other hand, the number of cases (lymphoma and cirrhosis) is relatively
small, but despite that, the present study has the largest number of patients with both
diseases than any other, since previously conducted studies included only case
reports or case series with a maximum of two patients. Furthermore, the fact that all
patients from our center with concomitant diseases in an 18-year period were
included is to be noted, as the small sample size is due to the low frequency of the
cases, which clearly supports the case-control methodology.
In conclusion, this study demonstrates that the clinical characteristics of patients
with lymphoma and cirrhosis are similar to those with lymphoma, except for some
changes inherent to cirrhosis and portal hypertension. Additionally, it may be
possible to administer chemotherapy regimens in selected cirrhotic patients,
regardless of their severity or even in decompensated patients, obtaining acceptable
treatment outcomes (response to treatment and complications), always closely
monitoring their toxicity.
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Table 5 Numerical data on the survival of the study population
Population

Mean

Case group (wk)

30.66 ± 30.05

Control group (wk)

56.46 ± 51.15

Global (wk)

44.56 ± 43.76

mean ± SD.

ARTICLE HIGHLIGHTS
Research background
A significant number of patients with liver cirrhosis concomitantly develop some type of solid or
hematological cancer, including lymphoma. Treatment of patients with lymphoma and cirrhosis
is challenging for physicians due to the clinical characteristics related to cirrhosis and lack of
scientific evidence, limiting the use of chemotherapy. Currently, experts recommend only
offering oncological treatment to patients with compensated cirrhosis and the best supportive
care to those in a decompensated state.

Research motivation
The treatment of lymphomas in patients with cirrhosis is a difficult task, and even the
involvement of a multidisciplinary team may still not be enough, considering the lack of
published literature about clinical outcomes, the narrow therapeutic index of the drugs and the
safety issues that are typical in these patients. A study that evaluates treatment with
chemotherapy in patients with cirrhosis and lymphoma is necessary to address this knowledge
gap.

Research objectives
To evaluate the clinical characteristics and treatment outcomes (type of chemotherapy regimen,
response rate and complications derived from it, and survival) in patients with cirrhosis and
lymphoma treated with chemotherapy to generate scientific evidence in this regard.

Research methods
This was a case-control study conducted at a tertiary care center in Mexico. Data was recorded
from medical files from 2000 through 2018, and from 8658 possible candidates with cirrhosis
and/or lymphoma, only 23 cases had both diseases concomitantly; 10 patients with cirrhosis and
lymphoma (cases) met the selection criteria and were included, and 20 patients with lymphoma
(controls) were included and matched according to age, sex, and date of diagnosis, type and
clinical stage of lymphoma. All patients received treatment with chemotherapy. For statistical
analysis, descriptive statistics, Shapiro-Wilk test, Mann-Whitney U test, chi-square test and
Fisher's exact test were used. Survival was evaluated using Kaplan-Meier curves and the logrank test.

Research results
There were differences in biochemical variables inherent to liver disease and portal hypertension
in patients with cirrhosis. The most frequent etiology of cirrhosis was hepatitis C virus (50%);
80% were decompensated, the median Child-Turcotte-Pugh score was 7.5 (6.75-9.25), and mean
Model for End-stage Liver Disease was 11.5 ± 4.50. Regarding lymphomas, non-Hodgkin's were
the most common (90%), and diffuse large B cell subtype was the most frequent, with a higher
International Prognostic Index in the cases (3 vs 2, P = 0.049). The chemotherapy regimens had to
be adjusted more frequently in the case group (50% vs 5%, P = 0.009). The complications derived
from chemotherapy were similar between both groups (80% vs 90%, P = 0.407); however, nonhematological toxicities were more common in the case group (30% vs 0%, P = 0.030). There was
no difference in the response to treatment between groups. Survival was higher in the control
group (56 wk vs 30 wk, P = 0.269), although it did not show statistical significance. This study
included mainly decompensated patients with cirrhosis and lymphoma with acceptable
treatment outcomes.

Research conclusions
The clinical characteristics of patients with lymphoma and cirrhosis are similar to those with
lymphoma, except for some changes inherent to cirrhosis. It may be possible to administer
chemotherapy in selected cirrhotic patients, regardless of their severity, obtaining satisfactory
clinical outcomes.

Research perspectives
We propose that lymphoma treatment can be provided in patients with cirrhosis at any clinical
state without neglecting their safety, although more prospective clinical trials are needed to
generate stronger recommendations and better establish safety margins.
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Abstract
BACKGROUND
S-adenosylmethionine (AdoMet) is a metabolically pleiotropic molecule used to
treat intrahepatic cholestasis (IHC) and chronic liver diseases. While the efficacy
of AdoMet has been demonstrated previously, it has not been systematically
investigated within the early weeks of treatment.
AIM
To systematically review the early treatment efficacy of AdoMet in adult patients
with IHC.
METHODS
Studies reporting the efficacy of intravenous, intramuscular, or oral forms of
AdoMet within 8 wk of treatment initiation were considered; three randomized
and six non-randomized studies were eligible for inclusion (PROSPERO
registration number CRD42018090936). Of the three randomized studies, two
were double-blind and placebo-controlled, and one was comparator-controlled
with unclear blinding and a relatively high risk of bias. Mean serum levels of
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and gamma-glutamyl transferase (γGT) following AdoMet
treatment vs placebo, comparator, or baseline were summarized to determine
differences in liver enzymes. Changes in patient-reported clinical symptoms of
cholestasis were also summarized.
RESULTS
Both placebo-controlled randomized studies reported significant reductions in
serum ALT levels with AdoMet vs placebo within 2 wk. One of these also
reported significant ALP reductions, and the other reported significant AST and
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γGT reductions within 2 wk. The comparator-controlled randomized study,
which had a number of notable limitations, reported significant reductions in
serum ALT and AST levels with AdoMet vs potassium magnesium aspartate
within 4 wk, but not within2 wk. All of the non-randomized studies (4/4) that
investigated ALT, AST, ALP and/or γGT reported significant reductions in at
least two of these parameters within 2 wk. Of the five studies that evaluated
fatigue, reductions were observed within 2 wk in one randomized and two nonrandomized studies. The remaining two non-randomized studies reported
improvements in fatigue within 6 and 8 wk. Of the four studies reporting
symptoms of depression, two non-randomized studies observed improvements
within 2 wk and the other two observed improvements within 17 d and 8 wk.
CONCLUSION
Data from both randomized and non-randomized studies suggest that AdoMet
improves some biochemical liver parameters and symptoms of cholestasis within
2 wk, with further improvements observed in some studies after 4 and 8 wk of
treatment.
Key words: S-adenosylmethionine; Intrahepatic cholestasis; Chronic liver disease; Liver
enzymes; Symptoms of cholestasis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Chronic liver diseases are associated with substantial mortality and morbidity,
and are a significant healthcare burden. Therapies that rapidly reverse or inhibit the
deterioration of liver function in patients with intrahepatic cholestasis would therefore be
beneficial. In this study, we provide new insight into the efficacy of Sadenosylmethionine in treating these patients, demonstrating that S-adenosylmethionine
improves some biochemical liver parameters and symptoms of cholestasis within 2 wk,
with further improvements observed in some studies after 4 and 8 wk of treatment.

Citation: Noureddin M, Sander-Struckmeier S, Mato JM. Early treatment efficacy of Sadenosylmethionine in patients with intrahepatic cholestasis: A systematic review. World J
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URL: https://www.wjgnet.com/1948-5182/full/v12/i2/46.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i2.46

INTRODUCTION
Intrahepatic cholestasis (IHC) is the impairment of bile formation or bile flow
resulting from hepatocellular functional defects or obstructive lesions of the
intrahepatic biliary tract[1]. IHC is a feature of several chronic liver diseases including
alcoholic liver disease (ALD), later stages of non-alcoholic fatty liver disease
(NAFLD), drug-induced liver injury (DILI) and others[2,3]. Chronic liver diseases are
associated with substantial mortality and morbidity, and are a significant healthcare
burden[1,4,5].
The clinical signs and symptoms of IHC include pruritus, jaundice, and fatigue,
which may subsequently be associated with depression, autonomic dysfunction, and
sleep disturbances[1]. Liver enzymes such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl
transferase (γGT) may be elevated in patients with IHC, and changes in their levels
are important for guiding diagnosis and assessing response to treatment [1,6] . For
example, ALP is an early marker that is often increased in asymptomatic patients, and
levels 1.5 times the upper limit of normal have been proposed as a threshold for
further diagnostic analysis[1]. Indeed, improvement in ALP is considered a biomarker
of disease response in cholestatic liver diseases[7-9]. In addition, improvement in ALT
has recently been proposed to predict treatment response in patients with NAFLD[10].
Furthermore, a sustained > 10-fold rise in liver transaminases is indicative of a higher
risk of mortality in patients with liver disease[6].
S-adenosylmethionine (AdoMet, also abbreviated as SAMe and SAM) is a molecule
that participates in multiple cellular reactions (transmethylation, transsulfuration, and
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aminopropylation; Figure 1), as the precursor for the synthesis of glutathione; it is the
principal methyl donor in methyltransferase reactions that modify DNA, RNA,
histones, and other proteins[11-14]. The synthesis of AdoMet is known to be reduced in
chronic liver diseases, and depletion of AdoMet promotes increased cellular
proliferation and growth, which may be deleterious in chronic conditions[11,13-15].
Preclinical studies support a potential role for AdoMet in the treatment of chronic
liver diseases [16-21] . In mouse models of NAFLD, progression to the more severe
nonalcoholic steatohepatitis (NASH) is associated with AdoMet depletion[18], while
AdoMet supplementation reduces the severity of NASH and improves liver
function[17,20]. In a rat model of cholestasis via bile duct ligation, animals treated with
AdoMet before ligation showed less oxidative stress and a reduced ratio of oxidized
to total glutathione, as well as improvements in biochemical liver parameters[16]. The
molecular mechanisms by which AdoMet attenuates downregulation of glutathione
synthetic enzymes and increases glutathione levels during bile duct ligation have
recently been delineated, and they appear to involve the induction of nuclear factorerythroid 2related factor 2 and suppression of Maf proteins[19,21].
Pharmacokinetic studies in healthy volunteers have shown that AdoMet has a short
terminal half-life [81 min following a 100 mg intravenous (iv) dose; 101 min following
a 500 mg iv dose] and is rapidly cleared (3.7 mL/min/kg and 3.1 mL/min/kg for 100
mg and 500 mg doses, respectively)[22]. Time to maximum concentration (Tmax) is 3-5 h
after single oral doses of 400-1000 mg, with concentrations declining to baseline levels
within 24 h[13]. This is in agreement with previous measurements of labile methyl
balance in healthy volunteers, which indicated that the synthesis and catabolism of
AdoMet was very rapid[23]. Due to a significant first-pass effect[24], AdoMet is readily
bioavailable in the liver, i.e., the target organ. The rapid hepatic metabolism associated
with oral administration means that the bioavailability of AdoMet is increased with
parenteral administration[13].
A systematic review and meta-analysis of clinical studies assessing the efficacy and
safety of AdoMet for the treatment of chronic liver diseases demonstrated that
AdoMet treatment was associated with significant improvements in some biochemical
liver parameters (total bilirubin and AST); however, the efficacy of AdoMet in the
early weeks of treatment was not specifically evaluated[25]. While sustained treatment
efficacy is crucial in patients with IHC, early onset of efficacy may also be a key
consideration to facilitate a rapid improvement in liver function and, subsequently, a
reduction in the debilitating symptoms of cholestasis. The primary objective of this
systematic review was to evaluate the efficacy of AdoMet in improving biochemical
liver parameters (ALT, AST, ALP, and γGT) within 8 wk of initiating treatment in
adult patients with IHC. The secondary objective was to analyze the efficacy of
AdoMet in improving clinical symptoms of cholestasis in these patients during this
timeframe.

MATERIALS AND METHODS
Protocol registration
The protocol for this systematic review is registered with the international prospective
register of systematic reviews (PROSPERO; registration number CRD42018090936)
and can be viewed at https://www.crd.york.ac.uk/PROSPERO/. This study
followed the recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement[26].

Eligibility criteria
Published clinical trials reporting the efficacy of AdoMet within 8 wk of treatment
initiation were considered for inclusion in this systematic review.
The inclusion criteria were: (1) Full-text articles published between January 1, 1990,
and June 10, 2019 reporting prospective, randomized, open-label, and observational
studies; (2) Studies including male and female adults with IHC; (3) Studies reporting
the efficacy of iv, intramuscular (im), or oral forms of AdoMet in terms of changes in
biochemical liver parameters (ALT, AST, ALP, and γGT); and (4) Studies reporting the
efficacy of AdoMet within the first 8 wk of treatment compared with control
(comparator or placebo) or baseline values.
Studies of IHC in pregnancy were not eligible for inclusion, due to differences in
underlying pathology between patients with IHC of pregnancy compared with those
with nonpregnancyrelated IHC[27]. Review articles, retrospective studies, and animal
studies were also excluded. Shortlisted full-text articles published in non-English
languages were translated to English.
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Figure 1

Figure 1 Mechanism of action of S-adenosylmethionine[11,13,47]. S-adenosylmethionine (AdoMet)-dependent methylation reactions yield S-adenosylhomocysteine
as a by-product, and S-adenosylhomocysteine is cleaved into adenosine and homocysteine by S-adenosylhomocysteine hydrolase. Remethylation of homocysteine to
form methionine occurs by methionine synthase and betaine homocysteine methyltransferase. In the transsulfuration pathway, homocysteine is converted to cysteine,
which is the rate-limiting precursor for glutathione, via an enzymatic process catalyzed by cystathionine β-synthase and cystathionase. To synthesize polyamines,
AdoMet is decarboxylated in a reaction catalyzed by AdoMet decarboxylase. The predominant polyamines in mammalian cells are spermidine and spermine, which
are made by sequential addition of aminopropyl groups from AdoMet decarboxylase; methylthioadenosine is a by-product of these reactions. These metabolites of
AdoMet have biological effects[48-52], which may improve hepatic detoxification and amelioration of liver injury[19,53]. AdoMet: S-adenosylmethionine; IL: Interleukin;
TNF: Tumor necrosis factor.

Information sources
PubMed and Embase databases were searched for relevant articles that met the
inclusion criteria summarized above. Additional articles that were not available
through PubMed or Embase were identified via searches of reference lists and contact
with authors from this study.
The following terms were used to search PubMed for articles published between
January 1, 1990 and June 10, 2019: AdoMet OR samyr OR transmetil OR heptral OR
ademetionine OR Sadenosyl-L-methionine OR S-adenosyl-L-methionine 1,4butanedisulfonate OR toluenesulfonate OR tosylate OR tosylate disulfate OR disulfate
monooleate AND (intrahepatic cholestasis OR alcoholic liver disease OR nonalcoholic liver disease OR non-alcoholic steatohepatitis OR drug-induced liver injury
OR chronic liver disease) NOT pregnancy. These terms were adapted for Embase
searches.

Study selection
The initial results from the literature searches were screened against the preestablished criteria for inclusion to remove articles, using their titles and abstracts.
Excluded articles included those reporting studies in children, studies that did not
report the prespecified outcome measures of interest, and conference abstracts. At this
initial screening stage, all studies reporting outcomes in chronic liver diseases were
included to ensure that any studies involving patients with IHC were not incorrectly
excluded. The full texts of the remaining articles were then examined in detail to
determine their suitability for inclusion in the review; studies reporting outcomes in
chronic liver diseases that did not include patients with IHC were removed at this
point. At least two review team members assessed studies for eligibility and
disagreements were resolved by discussion.

Data extraction
Data were extracted from the included articles and findings were discussed between
authors. Queries regarding data reported in the articles were resolved via consultation
with statisticians and correspondence with study investigators.
Information extracted from the selected articles included reference citation, country
in which the research was carried out, study design, patient population, details of
study interventions, number of patients in each treatment group, AdoMet treatment
protocol, duration of study treatment, and data relating to the prespecified outcome
measures (biochemical parameters and symptoms of cholestasis).
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Summary measures
Mean serum levels of ALT, AST, ALP, and γGT following AdoMet treatment vs
placebo, comparator, or baseline were summarized to assess the efficacy of AdoMet
within the first 8 wk of treatment. Additionally, mean scores of patient-reported
fatigue and symptoms of depression vs placebo, comparator, or baseline were
summarized to determine differences in the clinical symptoms of cholestasis
following treatment with AdoMet. The results of this research were described using
subjective evaluations.

Risk of bias
The risk of bias across studies was limited by ensuring comprehensive searches for all
eligible published studies, and by independent assessment of studies identified from
these searches by review team members.
Both randomized and non-randomized studies were eligible for inclusion in this
review. As the domains that may be subject to bias vary between randomized and
non-randomized studies, separate risk-of-bias analyses were performed for the two
types of study. The risk of bias in individual randomized studies was determined by
assessment of the following domains in accordance with the Cochrane tool for
assessing risk of bias in randomized studies [28] : (1) The adequacy of sequence
generation; (2) The adequacy of allocation concealment; (3) The adequacy of blinding;
(4) The handling of incomplete outcome data; (5) Selective reporting of outcomes; and
(6) Any other source of bias. The risk of bias in individual non-randomized studies
was determined by assessment of the following domains in accordance with the riskof-bias assessment tool for non-randomized studies (RoBANS)[29]: (1) The adequacy of
the selection of participants; (2) The adequacy of consideration of confounding
variables; (3) The adequacy of measurement of exposure; (4) The adequacy of blinding
outcome assessments; (5) The handling of incomplete outcome data; and (6) Selective
reporting of outcomes.

RESULTS
Study selection
The study selection process is summarized in Figure 2. In total, 115 abstracts were
retrieved from the database searches (28 from PubMed, 87 from Embase). Ten further
references were identified by searching reference lists and through contact with the
authors of this study. After 12 duplicate records were removed, 113 abstracts
remained and were screened against the eligibility criteria; of these, 87 were excluded.
Full-text articles were assessed for the remaining 26 studies, and a further 17 were
excluded. In total, 9 studies were determined to be eligible for inclusion in the
systematic review.

Study characteristics
The characteristics of the included studies are provided in Table 1.
Three randomized studies and six non-randomized (observational) studies of
patients with IHC were included. In terms of liver conditions, two studies included
patients with IHC and DILI[30,31], three reported IHC and chronic liver diseases from
various etiologies[32-34], one reported IHC with ALD[35], and one reported IHC with
NAFLD [36] . The two remaining studies included patients with IHC and viral
hepatitis[37] and IHC due to acute hepatitis or chronic liver disease[38].
In two of the three randomized studies, the intervention was AdoMet vs
placebo [33,38] . The remaining randomized study evaluated AdoMet vs potassium
magnesium aspartate[39-41]. No comparators were used in the observational studies.
AdoMet was administered intravenously, intramuscularly, or orally; iv doses were
mostly in the range of 400-1000 mg/d; im doses were 400-800 mg/d; and oral doses
were 800-1600 mg/d. Several studies initiated AdoMet treatment with iv or im
dosing, then switched to oral dosing after 2-4 wk. The total duration of AdoMet
treatment varied from 2 to 8 wk (8 wk was the predefined upper limit of inclusion).
All of the included studies reported biochemical liver parameters and six also
provided data on the prespecified symptoms of cholestasis. Overall, data from 1791
patients were collected for this review, of whom, 1503 received AdoMet, 273 received
placebo, and 15 received a comparator (potassium magnesium aspartate).

Risk of bias
Randomized studies: A summary of the risk of bias within each of the three
randomized studies is provided in Table 2. The included domains adhere to the
Cochrane tool for assessing risk of bias in randomized studies[28]. None of the studies
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Figure 2

Figure 2 Flow diagram of the study selection process. 1This study evaluated the use of AdoMet in psoriasis and included no data on chronic liver disease.

reported information on allocation concealment. The blinding scheme was unclear in
one study, and the same study used an active comparator in its control group, giving
rise to possible bias[37]. This study was also very small, with only 15 patients in each
treatment group, and the study endpoints were not clearly defined in the
methodology, potentially introducing additional bias. Therefore, greater weighting
was assigned to the two placebo-controlled studies throughout the systematic review.
Non-randomized studies: A summary of the risk of bias within each of the six nonrandomized studies is provided in Table 3. The included domains adhere to the
RoBANS tool for assessing risk of bias in non-randomized studies[29]. Confounding
variables were not reported in most of the studies, but one did highlight differences in
baseline clinical characteristics between treatment groups[32]. Five studies included
patient-reported outcomes and, therefore, were judged to be at a high risk of
measurement bias[30,31,34-36]. Two studies appeared to have incomplete outcome data:
Virukalpattigopalratnam et al[36] reported data for 244 patients at baseline and 243
patients at Visit 1, with no explanation for the missing patient; and Larionova et al[30]
reported data for 99, 95, and 73 patients at Baseline, Day 14, and Day 42, respectively,
with no explanation for the missing data.

Early treatment efficacy of AdoMet: Liver parameters
Efficacy within 2 wk: The two randomized, double-blind, placebo-controlled studies
reported significant reductions in two or more of the four liver parameters studied
within 2 wk of starting AdoMet treatment (Table 4)[33,38]. Frezza et al[33] demonstrated
significant reductions in ALT at Week 2 (P < 0.05), and ALP at Week 1 (P < 0.05) and
Week 2 (P < 0.01), but did not observe significant changes in AST or γGT at either of
these timepoints. Manzillo et al[38] demonstrated significant reductions in ALT, AST,
and γGT (P < 0.01 to P < 0.05) at Week 2, but did not observe significant changes in
ALP.
In contrast, the small comparator-controlled study did not report significant
reductions in ALT, AST, or ALP vs potassium magnesium aspartate at Week 2[37].
All of the four non-randomized studies that investigated changes in ALT, AST,
ALP, and/or γGT within 2 wk of AdoMet treatment initiation reported significant
reductions in at least two of these parameters (Table 5) [30-32,35] . Fiorelli [32] and
Perlamutrov et al[31] reported significant reductions in ALT, AST, ALP, and γGT within
this timeframe (P < 0.01 to P < 0.05). Larionova et al[30] reported significant reductions
in ALT and AST at Week 2 (both P < 0.001) and Ivashkin et al[35] reported significant
reductions in ALP and γGT at Week 2 (P < 0.0001 for both parameters).
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Table 1 Overview of the included studies
Study

Duration of
treatment

Available
parameters

Placebo (n = 110)

2 wk

ALT, AST, ALP,
γGT, fatigue

AdoMet 800 mg
iv daily (n = 180)

Placebo (n = 163)

2 wk

ALT, AST, ALP,
γGT

Intrahepatic
cholestatic viral
hepatitis (N = 30)

AdoMet 1000 mg
iv daily (n = 15)

Potassium
magnesium
aspartate 20 mL
daily (n = 15)

4 wk

ALT, AST, ALP

AdoMet 800 mg iv daily for 16 d (first 32 d
phase), then 1600 mg oral daily for 16
d (second phase)

ALT, AST, ALP,
γGT, asthenic
syndrome2

Country

Study design

Disease

Intervention and dose

Frezza et al[33],
1990

Italy

Multicenter,
randomized,
double-blind,
placebocontrolled study

Chronic liver
disease with IHC
(N = 220)

AdoMet 1600 mg
oral daily (n =
110)

Manzillo et al[38],
1992

Italy

Multicenter,
randomized,
double-blind,
placebocontrolled study

IHC (N = 343)

Qin et al[37], 20001

China

Randomized,
parallel-group,
comparatorcontrolled study

Randomized studies

Non-randomized studies
Podymova et
al[34], 19981

Russia

Observational,
baselinecontrolled study

Chronic liver
disease with IHC
(N = 32)

Fiorelli[32], 1999

Italy

Multicenter,
baselinecontrolled, openlabel study

IHC complicating AdoMet 500 mg im (n = 338) or 800
chronic liver
mg iv (n = 302) daily
disease (N = 640)

15 d

ALT, AST, ALP,
γGT

VirukalpattigoIndia
palratnam et al[36],
2013

Multicenter,
observational,
baselinecontrolled study

IHC due to
chronic NAFLD
(N = 250)

6 wk

ALT, AST, ALP,
γGT, fatigue

Perlamutrov et
al[31], 2014

Russia

Multicenter,
observational,
baselinecontrolled study

DILI with IHC (N AdoMet 400-800 mg iv or im daily for 6 wk
= 105)
2 wk (first phase), then 800-1600 mg
oral daily for 4 wk (second phase)

ALT, AST, ALP,
γGT, fatigue,
depressed mood

Larionova et al[30], Russia
20151

Multicenter,
observational,
baselinecontrolled study

DILI due to CT
and evidence of
IHC (N = 99)

AdoMet 400-800 mg iv or im daily for 6 wk
2 wk (first phase), then 800-1600 mg
oral daily for 4 wk (second phase)

ALT, AST,
fatigue, low mood

Ivashkin et al[35],
2018

Multicenter,
baselinecontrolled, openlabel study

IHC due to ALD
(N = 72)

AdoMet 1500 mg oral daily or
500/800 mg iv daily for 2 wk, then
1500 mg oral daily for 6 wk

ALP, γGT,
fatigue, depressed
mood

Russia

AdoMet 800-1200 mg daily for
239/243 (98.4%) patients3

8 wk

1

Published studies translated to English from original language;
Typically involving irritability, weakness, fatigue, and unstable mood;
3
4/243 patients (1.6%) received doses < 800 mg/d. AdoMet: S-adenosylmethionine; ALD: Alcoholic liver disease; ALP: Alkaline phosphatase; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; CT: Chemotherapy; DILI: Drug-induced liver injury; γGT: Gamma-glutamyl transferase; IHC:
Intrahepatic cholestasis; im: Intramuscular; iv: Intravenous; NAFLD: Non-alcoholic fatty liver disease.
2

Efficacy in 2-4 wk: Neither of the two placebo-controlled randomized studies
investigated changes in liver parameters between 2 and 4 wk of AdoMet treatment.
The comparator-controlled study reported significant reductions in ALT and AST,
but not ALP, vs potassium magnesium aspartate at Week 4 (P < 0.05)[37].
Two non-randomized studies reported outcomes for liver parameters following 2-4
wk of AdoMet treatment (Table 5)[32,34]. Fiorelli[32] showed significant reductions in
ALT, AST, ALP, and γGT at Day 15 (all P < 0.01). In contrast, Podymova et al[34]
reported no significant changes in ALT, AST, ALP, or γGT at Day 17.
Efficacy in 4-8 wk: Neither of the two placebo-controlled randomized studies, nor the
comparator-controlled study, investigated changes in liver parameters in 4-8 wk of
AdoMet treatment.
Four out of five non-randomized studies demonstrated significant reductions in
two or more of the four liver parameters in 4-8 wk of AdoMet treatment (Table
5)[30,31,35,36]. Virukalpattigopalratnam et al[36] and Perlamutrov et al[31] reported significant
reductions in ALT, AST, ALP, and γGT at Week 6 (all P < 0.05). Larionova et al[30]
observed significant reductions in ALT and AST at Week 6 (both P < 0.001), while
Ivashkin et al[35] reported significant reductions in ALP and γGT at Week 8 (P < 0.0001
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Table 2 Risk-of-bias assessments for included randomized studies
Risk of bias (domains)
Inadequate
sequence
generation

Inadequate
allocation
concealment

Inadequate
blinding

Inadequate
handling of
incomplete
outcome data

Selective
reporting of
outcomes

Other bias

Frezza et al[33], 1990

Low

Unclear

Low

Low

Low

Low

Manzillo et al[38],
1992

Low

Unclear

Low

Low

Low

Low

Qin et al[37], 2000

Low

Unclear

Unclear

Low

Low

High

Study

Risk of bias within each domain was judged as low, unclear, or high, using the Cochrane risk-of-bias tool for randomized studies[28].

for both parameters). In contrast, Podymova et al[34] observed no significant changes in
ALT, AST, ALP, or γGT at Day 33.

Early treatment efficacy of AdoMet: Symptoms and consequences of cholestasis
One of the randomized studies reported the effects of AdoMet treatment on fatigue
(Table 6)[33]; Frezza et al[33] demonstrated significant reductions vs placebo at Weeks 1
and 2 (both P < 0.01). Of the four non-randomized studies that reported changes in
fatigue from baseline, statistically significant reductions were demonstrated by
Virukalpattigopalratnam et al[36] at Week 6 (P < 0.0001). Both Perlamutrov et al[31] and
Larionova et al[30] observed reductions in fatigue at Weeks 2 and 6, but statistical
analyses were not reported. Similarly, Ivashkin et al[35] reported a reduction in fatigue
at Week 8, but statistical analyses were not provided.
None of the randomized studies reported changes in symptoms of depression
(Table 6). Of the non-randomized studies, Perlamutrov et al[31] reported a significant
reduction in the number of patients with depressed mood vs baseline at Weeks 2 and
6 (P < 0.001 for both) and Larionova et al[30] reported a similar trend for improvement
in low mood at Weeks 2 and 6, but did not report any statistical analyses. Similarly,
Podymova et al[34] observed improvements in asthenic syndrome (typically involving
irritability, weakness, fatigue, and unstable mood) at Days 17 and 33, but no statistical
analyses were reported. Ivashkin et al[35] reported a reduction in depressed mood at
Week 8, but statistical analyses were not provided.
Improvements in pruritus and jaundice were also reported in some of the included
studies[30,31,33-36]. Six studies demonstrated a reduction in pruritus (Table 6)[30,31,33-36], with
statistically significant reductions reported by Frezza et al[33] at Weeks 1 and 2 (both P
< 0.01 vs placebo) and Virukalpattigopalratnam et al [36] at Week 6 (P < 0.0001 vs
baseline). Reductions in jaundice were observed in five studies (data not
shown) [30,31,34-36] , although statistical significance was only reported in a nonrandomized study, by Virukalpattigopalratnam et al [36] at Week 6 (P < 0.0001 vs
baseline).

DISCUSSION
When treating patients with IHC, the speed of onset of AdoMet efficacy could be an
important consideration for clinicians as it may determine the rate of improvement in
liver function, as well as help with the debilitating symptoms of cholestasis (such as
fatigue and depressed mood). It should be noted, though, that the speed of
improvement in liver enzymes may depend on the subtype and severity of
underlying chronic liver disease, and that each enzyme may react slightly differently
to AdoMet therapy in this context.
The efficacy of AdoMet in the early weeks of treatment in patients with chronic
liver diseases has been described in several clinical studies[30-33,35-44]. These data have
been supported by findings suggesting that its pharmacokinetic parameters may
positively affect its speed of clinical efficacy[22]. Furthermore, a recent systematic
review and meta-analysis demonstrated that AdoMet treatment was associated with
significant improvements in some biochemical liver parameters[25]; however, the
authors did not systematically investigate the early effects of AdoMet within 8 wk of
treatment initiation, and did not investigate important symptoms of cholestasis such
as fatigue and depression.
The placebo-controlled randomized studies included in this review reported
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Table 3 Risk-of-bias assessments for included non-randomized studies
Risk of bias (domains)
Study

Inadequate
selection of
participants

Inadequate
consideration of
confounding
variables

Inadequate
measurement of
exposure

Inadequate
blinding of
outcome
assessments

Inadequate
handling of
incomplete
outcome data

Selective
reporting of
outcomes

Podymova et al[34],
19981

Unclear

Unclear

High

Unclear

Unclear

Low

Fiorelli[32], 1999

High

High

Low

Unclear

Low

Low

Virukalpattigopalratnam et al[36],
2013

Unclear

Unclear

High

Unclear

High

Low

Perlamutrov et
al[31], 2014

Unclear

Unclear

High

Unclear

Low

Low

Larionova et al[30],
20151

Unclear

Unclear

High

Unclear

High

Low

Ivashkin et al[35],
2018

Unclear

Unclear

High

Unclear

Low

Low

1

Published studies translated to English from original language. Risk of bias within each domain was judged as low, unclear, or high, using the risk-of-bias
assessment tool for non-randomized studies[29].

significant reductions in plasma ALT levels in patients treated with AdoMet vs
placebo within 2 wk[33,38]. These data are in contrast to the previous meta-analysis,
which identified no significant differences in the change in ALT levels between
AdoMet and controls [25] . The conflicting results may reflect the different study
populations: Of the six studies included in the previous meta-analysis, four evaluated
pregnant women and one evaluated children, whereas our review only included
studies in nonpregnant adults. The current review also included a third randomized
study by Qin et al[37], which reported significant reductions in ALT at Week 4, but not
at Week 2. However, this study was not placebo-controlled (the comparator was
potassium magnesium aspartate) and the study was small, with only 15 patients in
each treatment group giving limited power to detect treatment effects. Therefore,
results from this study should be interpreted with caution, and as such, greater
weighting was given throughout the review to the two placebo-controlled studies.
The previous meta-analysis showed that AST levels were significantly reduced
with AdoMet vs control[25], and this is partially supported by our findings; one of the
two double-blind placebo-controlled randomized studies in the current systematic
review reported significant AST reductions vs placebo or comparator within 2 wk[38].
Of three non-randomized studies that investigated AST levels within 2 wk, two
reported significant reductions at Week 2[30,31] and one reported significant reductions
at Week 1[32].
The previous meta-analysis did not include ALP or γGT as outcome measures[25].
However, we found that one of the two placebo-controlled randomized studies
reported a significant reduction in ALP levels at Week 1 and Week 2[33]. Furthermore,
one of the two placebo-controlled randomized studies reported significant reductions
in γGT within 2 wk[38].
Overall, it is notable that both of the double-blind placebo-controlled randomized
studies [33,38] and all of the non-randomized studies (4/4) [30-32,35] that investigated
changes in ALT, AST, ALP, and/or γGT within 2 wk of AdoMet treatment initiation
reported significant reductions in at least two of these parameters. However,
significant reductions were not always observed for all four parameters within each
study within this short timeframe, possibly because the specific underlying liver
diseases may influence the effect and speed of efficacy onset of AdoMet on liver
enzymes.
We also identified improvements in the symptoms of cholestasis. Fatigue was
improved in five studies, with two studies reporting significant reductions within 6
wk, one of which reported significant reductions within 1 wk[33,36]. Symptoms of
depression were improved in four studies[30,31,34,35], although statistical significance was
only reported in one (non-randomized) study at Week 2 and Week 6[31]. Pruritus
improved in six studies[30,31,33-36], with statistical significance reported in two of these
studies within 6 wk, one of which reported significant reductions within 1 wk[33,36].
Although we did not perform a systematic literature review for changes in bilirubin
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Table 4 Summary of outcome data relating to prespecified biochemical liver parameters (randomized studies)
Baseline
Parameter

Study

Disease

Intervention
AdoMet

After treatment
Placebo /
AdoMet
comparator

Statistical
Placebo /
method
comparator

P value

ALT
ALT (μkat/L) Frezza et al[33], Chronic liver AdoMet (n =
1990
disease with 110) vs
IHC (N = 220) placebo (n =
110)

3.3 ± 0.4
(mean ± SE)

2.8 ± 0.3

2.3 ± 0.2
2.4 ± 0.2
Split-plot
(Week 1), 1.5 (Week 1), 2.2 analysis
± 0.1 (Week 2) ± 0.2 (Week 2)

Not reported
at Week 1, P <
0.05 vs
placebo at
Week 2

ALT (μkat/L) Manzillo et
al[38], 1992

1.2 (1.1, 1.4)
(mean, 95%
CI)

1.2 (1.1, 1.4)

0.8 (0.7, 0.9)

1.0 (0.9, 1.2)

Split-plot
analysis
(MANOVA)

P < 0.01
treatment-totime
interaction vs
placebo at
Week 2

AdoMet (n = 198.5 ± 75.2
15) vs
(mean ± SD)
potassium
magnesium
aspartate (n =
15)

190.6 ± 71.2

127.0 ± 47.5
(Week 2), 48.2
± 43.5 (Week
4)

130.2 ± 47.2
(Week 2), 67.7
± 27.2 (Week
4)

x2 test for
comparison of
rates; t test for
comparison of
means

NS at Week 2
P < 0.05 vs
comparator at
Week 4

ALT (U/L)

Qin et al[37],
20001

IHC (N = 343) AdoMet (n =
180) vs
placebo (n =
163)

Intrahepatic
cholestatic
viral hepatitis
(N = 30)

AST
AST (μkat/L) Frezza et al[33], Chronic liver AdoMet (n =
1990
disease with 110) vs
IHC (N = 220) placebo (n =
110)

2.4 ± 0.2
(mean ± SE)

2.1 ± 0.2

1.8 ± 0.1
1.8 ± 0.2
Split-plot
(Week 1), 1.3 (Week 1), 1.7 analysis
± 0.1 (Week 2) ± 0.2 (Week 2)

NS vs placebo
at Weeks 1
and 2

AST (μkat/L) Manzillo et
al[38], 1992

1.4 (1.2, 1.6)
(mean, 95%
CI)

1.3 (1.2, 1.5)

0.9 (0.9, 1.1)

1.0 (0.9, 1.2)

Split-plot
analysis
(MANOVA)

P < 0.05
treatment-totime
interaction vs
placebo at
Week 2

AdoMet (n = 127.0 ± 60.7
15) vs
(mean ± SD)
potassium
magnesium
aspartate (n =
15)

118.2 ± 58.7

84.6 ± 33.8
(Week 2), 45.6
± 28.2 (Week
4)

78.3 ± 38.5
(Week 2), 52.7
± 25.3 (Week
4)

x2 test for
comparison of
rates; t test for
comparison of
means

NS at Week 2
P < 0.05 vs
comparator at
Week 4

AST (U/L)

Qin et al[37],
20001

IHC (N = 343) AdoMet (n =
180) vs
placebo (n =
163)

Intrahepatic
cholestatic
viral hepatitis
(N = 30)

ALP
ALP (μkat/L) Frezza et al[33], Chronic liver AdoMet (n =
1990
disease with 110) vs
IHC (N = 220) placebo (n =
110)

4.5 ± 0.3
(mean ± SE)

4.7 ± 0.3

3.7 ± 0.3
4.6 ± 0.3
Split-plot
(Week 1), 3.2 (Week 1), 4.4 analysis
± 0.2 (Week 2) ± 0.3 (Week 2)

P < 0.05 vs
placebo at
Week 1, P <
0.01 vs
placebo at
Week 2

ALP (μkat/L) Manzillo et
al[38], 1992

4.8 (4.2, 5.5)
(mean, 95%
CI)

4.9 (4.3, 5.7)

3.9 (3.4, 4.4)

4.0 (3.4, 4.7)

Split-plot
analysis
(MANOVA)

NS vs placebo
at Week 2

AdoMet (n = 203.2 ± 39.5
15) vs
(mean ± SD)
potassium
magnesium
aspartate (n =
15)

202.8 ± 39.4

93.5 ± 33.7
(Week 2), 85.6
± 20.6 (Week
4)

97.5 ± 33.0
(Week 2), 89.1
± 27.8 (Week
4)

x2 test for
comparison of
rates; t test for
comparison of
means

NS vs
comparator at
Weeks 2 and
4

ALP (U/L)

Qin et al[37],
20001

IHC (N = 343) AdoMet (n =
180) vs
placebo (n =
163)
Intrahepatic
cholestatic
viral hepatitis
(N = 30)

γGT
γGT (μkat/L) Frezza et al[33], Chronic liver AdoMet (n =
1990
disease with 110) vs
IHC (N = 220) placebo (n =
110)

2.5 ± 0.3
(mean ± SE)

2.2 ± 0.2

1.9 ± 0.3
1.9 ± 0.1
Split-plot
(Week 1), 1.5 (Week 1), 1.7 analysis
± 0.2 (Week 2) ± 0.1 (Week 2)

NS at Week 1
or Week 2

γGT (μkat/L) Manzillo et
al[38], 1992

1.9 (1.6, 2.2)
(mean, 95%
CI)

1.8 (1.6, 2.2)

1.2 (1.0, 1.3)

P < 0.05
treatment-totime
interaction vs
placebo at
Week 2

1

IHC (N = 343) AdoMet (n =
180) vs
placebo (n =
163)

1.3 (1.1, 1.6)

Split-plot
analysis
(MANOVA)

Published studies translated to English from original language. AdoMet: S-adenosylmethionine; ALP: Alkaline phosphatase; ALT: Alanine
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aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; γGT: Gamma-glutamyl transferase; IHC: Intrahepatic cholestasis; MANOVA:
Multivariate analysis of variance; NS: Not significant; SD: Standard deviation; SE: Standard error.

levels, both of the double-blind placebo-controlled randomized studies reported
significant reductions in serum combined and/or total bilirubin levels with AdoMet
vs placebo or comparator within 2 wk of treatment initiation[33,38]. Furthermore, four of
the five non-randomized studies that investigated this parameter found that AdoMet
significantly reduced serum combined and/or total bilirubin levels vs baseline within
8 wk of treatment initiation [30-32,36] , and three of these demonstrated significant
reductions within 2 wk[30-32]. Since bilirubin levels are a read out of the functional
capacity of the liver[6], the improvement in bilirubin levels in patients who received
AdoMet treatment may therefore reflect a corresponding improvement in liver
function; however, further investigations are required to validate this observation.
AdoMet is a natural compound, synthesized and metabolized mainly by the liver
via multiple pathways[24]; it is likely that exogenous AdoMet is rapidly metabolized,
improving overall liver metabolic homeostasis[14]. AdoMet can be formulated for iv,
im, or oral administration, with the three routes appearing to have comparable
efficacy within 8 wk of treatment initiation, although it should be noted that most of
the studies analyzed here did not directly compare different formulations. However,
the trial reported by Fiorelli et al[32], which used both iv and im delivery, showed
similar improvements in liver parameters with the two formulations. In several
studies, initial iv administration was followed by maintenance oral
administration[30,31,34,35]; while a comparison of efficacy between the two formulations is
difficult, it might be expected that iv administration would result in a faster onset of
efficacy compared with the oral route due to increased bioavailability. Ivashkin et al[35]
reported that improvements in ALP and γGT after 8 wk of treatment were greater in
patients initially treated with iv AdoMet vs oral AdoMet, however the authors
highlighted that patients receiving initial iv treatment had higher baseline values as
the initial treatment route was based on baseline disease severity. Finally, all the
studies included in this review used pharmaceutical grade AdoMet; it is uncertain
whether similar findings would be observed from AdoMet formulations of different
quality or from alternative manufacturing techniques.
Although this systematic review did not include an assessment of adverse events,
AdoMet has a favorable tolerability profile that has been established in several clinical
studies and by long-term marketing experience[45]. The rapid efficacy of AdoMet,
combined with its favorable tolerability profile, makes it an attractive therapeutic
option for a wide range of patients.
We acknowledge that this review has several limitations. Firstly, this study
retrospectively evaluated data from prospective clinical studies that were not
designed to evaluate the speed of onset of the treatment effect of AdoMet. Secondly,
we included non-randomized studies, which increased bias. It is noticeable that, in
general, the non-randomized studies reported more substantial and rapid
improvements in the measured outcomes than the randomized studies. The lack of a
control arm in the non-randomized studies is a significant confounding factor;
therefore, while the results of these studies support the rapid efficacy of AdoMet,
more weighting must be given to the data arising from the two double-blind placebocontrolled randomized studies. Thirdly, to ensure that all eligible studies were
included in the review, we did not restrict our database searches to English-language
abstracts. As a result, several of the included studies were translated to English from
other languages. Fourthly, we included studies of patients with a broad variety of
underlying chronic liver diseases, and we recognize that the heterogeneity of the
studied populations was a confounding factor that may mask the true treatment
effects in specific underlying diseases. For example, it is possible that variations in the
severity and duration of IHC across patients could have had an impact on clinical
outcomes, and it is possible that not all patients with IHC had a deficiency in AdoMet
synthesis. Fifthly, we recognize that a relatively limited number of studies were
eligible for inclusion (three randomized and six non-randomized studies), and that
sample sizes in some of the included studies were small. Finally, we acknowledge that
a meta-analysis would have provided a more robust assessment of the early effects of
AdoMet on liver enzymes, but this was not possible due to the heterogeneous nature
of the available studies.
To our knowledge, this is the first systematic review investigating the efficacy of
AdoMet within the early weeks of treatment in adults with IHC. Clinical data from
randomized and non-randomized studies suggest that AdoMet significantly reduces
plasma ALT, AST, ALP, and γGT levels, as well as clinical symptoms of cholestasis
within the first 8 wk of treatment. Furthermore, AdoMet has clinical efficacy within
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Table 5 Summary of outcome data relating to prespecified biochemical liver parameters (non-randomized studies)
Parameter

After treatment

Statistical
method

Study

Disease

Intervention

Baseline

P value

ALT (IU)

Podymova et
al[34], 19981

Chronic liver
disease with IHC
(N = 32)

AdoMet

109.3 ± 26.4 (mean 74.4 ± 167.0 (Day
± SD)
17), 40.5 ± 14.5
(Day 33)

NR

P > 0.1 vs baseline
at Day 17, P >
0.05 vs baseline at
Day 33

ALT (U/L)

Fiorelli[32], 1999

IHC complicating AdoMet im or iv
chronic liver
disease (N = 640)

im: 96 ± 6.1, iv: 92 im: 84 ± 5.3 (Day
± 5.6 (mean ± SE) 7), 76 ± 5.6 (Day
15), iv: 84 ± 4.3
(Day 7), 76 ± 3.6
(Day 15)

Friedman nonparametric test

P < 0.01 vs
baseline at Days 7
and 15 for both
im and iv

ALT (U/L)

VirukalpattigoIHC due to
palratnam et al[36], chronic NAFLD
2013
(N = 250)

124.4 (mean)

62.1

Wilcoxon signed- P < 0.05 vs
rank test
baseline at Week
6

ALT (U/L)

Perlamutrov et
al[31], 2014

NR

NR

Spearman’s
correlation
coefficient

ALT (U/L)

Larionova et al[30], DILI due to CT
20151
and evidence of
IHC (N = 99)

AdoMet

137.3 (median)

68.5 (Day 14), 55.2 NR
(Day 42)

AST (IU)

Podymova et
al[34], 19981

Chronic liver
disease with IHC
(N = 32)

AdoMet

105.9 ± 21.5 (mean 66.4 ± 13.9 (Day
± SD)
17), 32.5 ± 10.0
(Day 33)

AST (U/L)

Fiorelli[32], 1999

IHC complicating AdoMet im or iv
chronic liver
disease (N = 640)

AST (U/L)

VirukalpattigoIHC due to
palratnam et al[36], chronic NAFLD
2013
(N = 250)

AST (U/L)

Perlamutrov et
al[31], 2014

AST (U/L)

Larionova et al[30], DILI due to CT
20151
and evidence of
IHC (N = 99)

ALP (U/L)

Podymova et
al[34], 19981

Chronic liver
disease with IHC
(N = 32)

ALP (U/L)

Fiorelli[32], 1999

IHC complicating AdoMet im or iv
chronic liver
disease (N = 640)

ALP (U/L)

VirukalpattigoIHC due to
palratnam et al[36], chronic NAFLD
2013
(N = 250)

ALP (U/L)

Perlamutrov et
al[31], 2014

ALP (U/L)

ALT

AdoMet

DILI with IHC (N AdoMet
= 105)

P < 0.05 vs
baseline at Weeks
2 and 6
P < 0.001 vs
baseline at Days
14 and 42

AST
NR

P > 0.1 vs baseline
at Day 17 P > 0.01
vs baseline at Day
33

im: 104 ± 4.2, iv:
116 ± 5.7 (mean ±
SE)

im: 96 ± 4.4 (Day Friedman non7), 88.0 ± 4.8 (Day parametric test
15), iv: 100 ± 4.1
(Day 7), 92.0 ± 4.1
(Day 15)

130.8 (mean)

61.6

Wilcoxon signed- P < 0.05 vs
rank test
baseline at Week
6

NR

NR

Spearman’s
correlation
coefficient

AdoMet

103.3 (median)

49.7 (Day 14), 41.0 NR
(Day 42)

P < 0.001 vs
baseline at Days
14 and 42

AdoMet

676.9 ± 154.8
(mean ± SD)

596.5 ± 144.2 (Day NR
17), 446.2 ± 175.1
(Day 33)

P > 0.1 vs baseline
at Day 17, P > 0.1
vs baseline at Day
33

im: 259.5 ± 10.8,
iv: 276.5 ± 13.7
(mean ± SE)

im: 217.0 ± 10.5
(Day 7), 191.5 ±
10.2 (Day 15), iv:
234.0 ± 14.3 (Day
7), 208.5 ± 13.6
(Day 15)

Friedman nonparametric test

P < 0.01 vs
baseline at Days 7
and 15 for both
im and iv

230.6 (mean)

165.3

Wilcoxon signed- P < 0.05 vs
rank test
baseline at Week
6

DILI with IHC (N AdoMet
= 105)

NR

NR

Spearman’s
correlation
coefficient

P < 0.05 vs
baseline at Week
2, P < 0.05 vs
baseline at Week
6

Ivashkin et al[35],
2018

IHC due to ALD
(N = 72)

AdoMet

241.2

167.9 (Week 2),
152.2 (Week 8)

ANCOVA

P < 0.0001 vs
baseline at Weeks
2 and 8

Podymova et
al[34], 19981

Chronic liver
disease with IHC
(N = 32)

AdoMet

153.5 ± 36.1 (mean 145.1 ± 50.1 (Day
± SD)
17), 51.8 ± 16.1
(Day 33)

NR

P > 0.1 vs baseline
at Day 17, P >
0.05 vs baseline at
Day 33

AdoMet

DILI with IHC (N AdoMet
= 105)

P < 0.01 vs
baseline at Days 7
and 15 for both
im and iv

P < 0.05 vs
baseline at Weeks
2 and 6

ALP

AdoMet

γGT
γGT (IU)
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γGT (U/L)

Fiorelli[32], 1999

γGT (U/L)

VirukalpattigoIHC due to
palratnam et al[36], chronic NAFLD
2013
(N = 250)

γGT (U/L)

Perlamutrov et
al[31], 2014

γGT (U/L)

Ivashkin et al[35],
2018

IHC complicating AdoMet im or iv
chronic liver
disease (N = 640)

im: 240.7 ± 20.0,
iv: 303.4 ± 36.1

im: 195.1 ± 16.0
(Day 7), 160.9 ±
10.0 (Day 15), iv:
218.0 ± 17.7 (Day
7), 189.4 ± 17.3
(Day 15)

Friedman nonparametric test

151.5 (mean)

90.8 (mean)

Wilcoxon signed- P < 0.05 vs
rank test
baseline at Week
6

DILI with IHC (N AdoMet
= 105)

NR

NR

Spearman’s
correlation
coefficient

IHC due to ALD
(N = 72)

NR

Mean change ±
ANCOVA
SD: -197.0 ± 403.5
(Week 2), -233.8 ±
407.1 (Week 8)

AdoMet

AdoMet

P < 0.01 vs
baseline at Days 7
and 15 for both
im and iv

P < 0.05 vs
baseline at Week
2, P < 0.05 vs
baseline at Week
6
P < 0.0001 vs
baseline at Weeks
2 and 8

1

Published studies translated to English from original language. AdoMet: S-adenosylmethionine; ALD: Alcoholic liver disease; ALP: Alkaline phosphatase;
ALT: Alanine aminotransferase; ANOVA: Analysis of variance; ANCOVA: Analysis of covariance; AST: Aspartate aminotransferase; CI: Confidence
interval; CT: Chemotherapy; DILI: Drug-induced liver injury; γGT: Gamma-glutamyl transferase; IHC: Intrahepatic cholestasis; im: Intramuscular; iv:
Intravenous; NAFLD: Non-alcoholic fatty liver disease; NR: Not reported; SD: Standard deviation; SE: Standard error.

the first 2 wk of treatment as some studies indicated that it reduced the levels of liver
enzymes and improved clinical symptoms of cholestasis within this short timeframe.
AdoMet has also been shown to have long-term efficacy in liver diseases[46], further
supporting the use of AdoMet in this patient population. However, prospective,
randomized, placebo-controlled clinical studies are needed to establish the speed of
onset of AdoMet efficacy, and the subsequent clinical impact on patient outcomes, in
the treatment of specific liver diseases.
In summary, this systematic review provides new insight into the efficacy of
AdoMet in treating IHC, and demonstrates that most studies that investigated the
efficacy of AdoMet within 2 wk of treatment initiation, showed improvements in
some biochemical liver parameters and symptoms of cholestasis (such as fatigue and
symptoms of depression) within this short timeframe; further improvements were
observed in some studies after 4 and 8 wk of treatment.
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Table 6 Summary of outcome data relating to prespecified symptoms and consequences of cholestasis
Scale /
scoring
system

Parameter Study

Disease

Intervention

Baseline
AdoMet

After treatment
Control

AdoMet

Control

Statistical
method

P value

Fatigue
Fatigue (cm) Frezza et
al[33], 19901

10 cm visual
analog scale:
0 = lack of
symptom to
10 =
maximal
severity

Chronic
liver disease
with IHC (N
= 220)

AdoMet (n = 5.5 ± 0.3
110) vs
(mean ± SE)
placebo (n =
110)

5.3 ± 0.3

3.5 ± 0.2
(Week 1), 2.6
± 0.2 (Week
2)

5.0 ± 0.3
Fisher’s
(Week 1), 4.8 exact test
± 0.3 (Week
2)

P < 0.01 vs
placebo at
Weeks 1 and
2

IHC due to
chronic
NAFLD (N
= 250)

AdoMet

75.8

-

32.5

-

McNemar's
test

P < 0.0001 vs
baseline at
Week 6

AdoMet

81.0

-

29.5 (Day
14), 11.4
(Day 42)

-

NR

NR

DILI due to AdoMet
CT and
evidence of
IHC (N = 99)

42.4

-

25.3 (Day
14), 17.2
(Day 42)

-

NR

NR

18.1

-

49.2

-

NR

NR

100%

-

50 (Day 17),
46 (Day 33)

-

NR

NR

12.4%

-

50.5 (Day
14), 74.3
(Day 42)

-

x2 test

P < 0.001 vs
baseline at
Days 14 and
42

NR

-

No. of
patients
without low
mood
increased on
Days 14 and
42

NR

NR

16.7

-

73.0

-

NR

NR

5.3 ± 0.3

3.5 ± 0.3
(Week 1), 2.7
± 0.2 (Week
2)

4.8 ± 0.2
Fisher’s
(Week 1), 4.1 exact test
± 0.2 (Week
2)

P < 0.01 vs
placebo at
Weeks 1 and
2

Fatigue (%
patients)

Virukalpatti NR
gopalratnam
et al[36],
20132

Fatigue (%
patients)

Perlamutrov Two-degree DILI with
et al[31],
scale: 0 =
IHC (N =
20142
absent; 1 =
105)
present

Fatigue (%
patients)

Larionova et NR
al[30], 20152,3

Fatigue (%
patients
without)

Ivashkin et
al[35], 2018

Six-point
IHC due to
scale: 0 = no ALD (N =
symptoms
72)
to 5 =
maximal
symptoms

AdoMet

Depressed mood
Asthenic
syndrome4
(% patients)

Podymova
et al[34],
19982,3

Four-degree
scale: 0 =
absent to 3 =
severe

Chronic
AdoMet
liver disease
with IHC (N
= 32)

Depressed
mood (%
patients
without)

Perlamutrov Four-degree DILI with
et al[31],
scale: 0 =
IHC (N =
20142
absent to 3 = 105)
severe

Low mood
(No.
patients)

Larionova et NR
al[30], 20152,3

Depressed
mood (%
patients
without)

Ivashkin et
al[35], 20182

Six-point
IHC due to
scale: 0 = no ALD (N =
symptoms
72)
to 5 =
maximal
symptoms

AdoMet

Pruritus
(cm)

Frezza et
al[33], 19901

10 cm visual
analog scale:
0 = lack of
symptom to
10 =
maximal
severity

Chronic
liver disease
with IHC (N
= 220)

AdoMet (n = 5.3 ± 0.3
110) vs
(mean ± SE)
placebo (n =
110)

Pruritus (%
patients)

Podymova
et al[34],
19982,3

Four-degree
scale: 0 =
absent to 3 =
severe

Chronic
AdoMet
liver disease
with IHC (N
= 32)

63

-

53 (Day 17),
41 (Day 33)

-

NR

NR

Pruritus (%
patients)

Virukalpatti NR
gopalratnam
et al[36],
20132

IHC due to
chronic
NAFLD (N
= 250)

38.9

-

17.3

-

McNemar's
test

P < 0.0001 vs
baseline at
Week 6
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Pruritus (%
patients)

Perlamutrov Two-degree DILI with
et al[31],
scale: 0 =
IHC (N =
20142
absent; 1 =
105)
present

AdoMet

81.0

-

42.9 (Day
14), 6.7 (Day
42)

NR

NR

Pruritus (%
patients)

Larionova et NR
al[30], 20152,3

DILI due to AdoMet
CT and
evidence of
IHC (N = 99)

24.2

-

7.1 (Day 14), 6.1 (Day 42)

NR

NR

Pruritus (%
patients
without)

Ivashkin et
al[35], 20182

45.8

-

88.9

NR

NR

Six-point
IHC due to
scale: 0 = no ALD (N =
symptoms
72)
to 5 =
maximal
symptoms

AdoMet

-

1

Randomized studies;
Observational studies;
3
Published studies translated to English from original language;
4
Typically involving irritability, weakness, fatigue, and unstable mood. AdoMet: S-adenosylmethionine; ALD: Alcoholic liver disease; CT: Chemotherapy;
DILI: Drug-induced liver injury; IHC: Intrahepatic cholestasis; NAFLD: Non-alcoholic fatty liver disease; NR: Not reported; SE: Standard error.
2

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholestasis (IHC) is a key feature of several chronic liver diseases and is associated
with clinical signs and symptoms such as pruritus, jaundice, and fatigue, which may
subsequently be associated with depression, autonomic dysfunction, and sleep disturbances. Sadenosylmethionine (AdoMet) is a metabolically pleiotropic molecule that is used to treat IHC.

Research motivation
The efficacy of AdoMet has been demonstrated by several clinical studies and a previous
systematic review and meta-analysis; however, the efficacy of AdoMet in the early weeks of
treatment has not been systematically investigated.

Research objectives
The primary objective of this systematic review was to evaluate the efficacy of AdoMet in
improving biochemical liver parameters [alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase (γGT)] in
adult patients with IHC within 8 wk of initiating treatment. The secondary objective was to
assess the efficacy of AdoMet in improving the clinical symptoms of cholestasis within this
timeframe.

Research methods
Published clinical trials reporting the efficacy of AdoMet (intravenous, intramuscular, or oral
forms) within 8 wk of treatment initiation in adult patients with IHC were considered for
inclusion in the review. Mean serum levels of ALT, AST, ALP, and γGT following AdoMet
treatment vs placebo, comparator, or baseline were summarized. Changes in patient-reported
clinical symptoms of cholestasis (such as fatigue and depression) were also reviewed.

Research results
In total, three randomized and six non-randomized (observational) studies of patients with IHC
were included in the systematic review. Of the three randomized studies, two were double-blind
and placebo-controlled, and one was comparator-controlled with unclear blinding and a
relatively high risk of bias. Both of the double-blind placebo-controlled randomized studies and
all of the non-randomized studies (4/4) that investigated changes in ALT, AST, ALP, and/or
γGT within 2 wk of AdoMet treatment initiation reported significant reductions in at least two of
these parameters. Reductions in patient-reported fatigue and depression were also reported
within 2 wk in some studies.

Research conclusions
Clinical data from the randomized and non-randomized studies included in this systematic
review suggest that AdoMet shows clinical efficacy within the first 2 wk of treatment, as some
studies reported reductions in liver enzymes and improvements in clinical symptoms of
cholestasis within this short timeframe.

Research perspectives
Sustained treatment efficacy is crucial in patients with IHC, but the early onset of efficacy may
also be a key consideration to facilitate rapid improvements in liver function, leading to a
prompt reduction in the distressing symptoms of cholestasis. In terms of future research, further
targeted clinical studies are desired to determine the speed of onset of the clinical impact of
AdoMet in patients with specific liver diseases.
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Abstract
BACKGROUND
Benign recurrent intrahepatic cholestasis is a genetic disorder with recurrent
cholestatic jaundice due to ATP8B1 and ABCB11 gene mutations encoding for
hepato-canalicular transporters. Herein, we firstly provide the evidence that a
nonsense variant of ATP8B1 gene (c.1558A>T) in heterozygous form is involved
in BRIC pathogenesis.
CASE SUMMARY
A 29-year-old male showed severe jaundice and laboratory tests consistent with
intrahepatic cholestasis despite normal gamma-glutamyltranspeptidase. Acute
and chronic liver diseases with viral, metabolic and autoimmune etiology were
excluded. Normal intra/extra-hepatic bile ducts were demonstrated by magnetic
resonance. Liver biopsy showed: Cholestasis in the centrilobular and
intermediate zones with bile plugs and intra-hepatocyte pigment, Kupffer’s cell
activation/hyperplasia and preserved biliary ducts. Being satisfied benign
recurrent intrahepatic cholestasis diagnostic criteria, ATP8B1 and ABCB11 gene
analysis was performed. Surprisingly, we found a novel nonsense variant of
ATP8B1 gene (c.1558A>T) in heterozygosis. The variant was confirmed by Sanger
sequencing following a standard protocol and tested for familial segregation,
showing a maternal inheritance. Immunohistochemistry confirmed a significant
reduction of mutated gene related protein (familial intrahepatic cholestasis 1).
The patient was treated with ursodeoxycholic acid 15 mg/kg per day and
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colestyramine 8 g daily with total bilirubin decrease and normalization at the 6th
and 12th mo.
CONCLUSION
A genetic abnormality, different from those already known, could be involved in
familial intrahepatic cholestatic disorders and/or pro-cholestatic genetic
predisposition, thus encouraging further mutation detection in this field.
Key words: Benign recurrent intrahepatic cholestasis; ATP8B1/ABCB11 genes; Jaundice;
Heterozygous variant of ATP8B1 gene (c.1558A>T); Familial inheritance; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Benign recurrent intrahepatic cholestasis is a rare genetic disorder characterized
by recurrent jaundice due to the mutation of the ATP8B1/ABCB11 genes encoding for
hepato-canalicular transporters. The original finding, which characterizes the case we
observed, is the association of a novel nonsense variant of ATP8B1 gene (c.1558A>T) in
a heterozygous condition with hepato-canalicular transporter protein deficiency. Indeed,
the disorder has been described until now as an autosomal recessive one, whereas, in this
case, the patient expressed the disease despite having only one mutated allele of ATP8B1
gene.

Citation: Piazzolla M, Castellaneta N, Novelli A, Agolini E, Cocciadiferro D, Resta L, Duda
L, Barone M, Ierardi E, Di Leo A. Nonsense variant of ATP8B1 gene in heterozygosis and
benign recurrent intrahepatic cholestasis: A case report and review of literature. World J
Hepatol 2020; 12(2): 64-71
URL: https://www.wjgnet.com/1948-5182/full/v12/i2/64.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i2.64

INTRODUCTION
Benign recurrent intrahepatic cholestasis (BRIC) is a rare genetic disorder
characterized by recurrent episodes of cholestatic jaundice that undergo spontaneous
resolution within a period lasting from few weeks to some months without an
evolution towards chronic liver disease[1]. The first case of BRIC was described by
Summerskill et al[2] in 1956. Its exact prevalence remains unknown, but estimated
incidence is approximately 1 in 50000 to 100000 people worldwide. BRIC is an
autosomal recessive disorder. Two subtypes have been described according to
associated gene mutations. BRIC-1 is associated with a mutation in the ATP8B1 gene
(chromosome 18q21-22) that encodes a protein called familial intrahepatic cholestasis
1 (FIC1)[3]. BRIC-2 is caused by a mutation in the ABCB11 gene (chromosome 2q24)
encoding bile salt export pump protein[4]. Consequent impaired function of these
hepato-canalicular transporters, responsible for the secretion of bile components,
induces an intrahepatic cholestasis. Mutations in ATP8B1 and ABCB11 genes are also
present in progressive familial intrahepatic cholestasis (PFIC - type 1 and 2,
respectively). Despite both are due to mutations in the same gene, phenotypes of
BRIC and PFIC differ, since PFIC is characterized by a progressive liver damage up to
end-stage liver disease[5].
BRIC diagnostic criteria have been proposed by Luketic et al[1]; at the moment, they
represent the basics in the diagnosis of the disorder. They include: (1) At least two
episodes of jaundice separated by a symptom-free interval lasting several months to
years; (2) Laboratory values consistent with intrahepatic cholestasis; (3) Gammaglutamyltranspeptidase (GGT) either normal or only minimally elevated; (4) Severe
pruritus secondary to cholestasis; (5) Liver histology demonstrating centrilobular
cholestasis; (6) Normal intra- and extra-hepatic bile ducts by cholangiography
(endoscopic retrograde cholangiopancreatography, magnetic resonance
cholangiography); and (7) Absence of factors known to be associated with cholestasis
(i.e., drugs, pregnancy)[1].
On these bases, we believe of interest to report the case of a young adult patient
with clinical, biochemical and histological features of BRIC, where we have, at the
best of our knowledge, firstly provided the evidence of a heterozygous pathogenic
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nonsense variant in the ATP8B1 gene (c.1558A>T).

CASE PRESENTATION
Chief complaints
A 29-year-old male was admitted into our Gastroenterology Unit for jaundice, severe
pruritus, dark colored urine, clay colored stool and weight loss.

History of present illness
Patient symptoms started one month before the admission in our Unit. He had
undergone two previous hospitalizations without clinical benefit. No infections or
fever were reported.

History of past illness
The patient had a free previous medical history. In the past, he had never suffered
from jaundice.

Personal and family history
There was no history of drug exposure, blood transfusions or alcohol intake. Family
history was negative for similar complaints. Mother had never reported intrahepatic
cholestasis of pregnancy during his two pregnancies.

Physical examination upon admission
On physical examination, the patient showed an evident jaundice, widespread scratch
marks over the whole body, hepatomegaly (1 cm below the right costal margin)
without clinical signs of liver failure (ascites, edema, encephalopathy).

Laboratory examinations
Laboratory investigations showed low hemoglobin (10 g/dL) and mean corpuscular
volume (78.1 fl) with normal white blood cell (6330/microL) and platelet
(295000/microL) count. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were normal. Markers of cholestasis showed normal GGT,
alkaline phosphatase (ALP) 2.9 times upper normal limit and total bilirubin value of
32.70 mg/dL (conjugated fraction: 28.59 mg/dL). Markers of hepatic parenchymal
activity showed hypoalbuminemia (1.9 g/dL) with normal values of international
normalized ratio of prothrombin time (0.94), Partial thromboplastin time (ratio: 1.03;
normal: < 1.20), coagulation factor V, ammonium, cholinesterase, blood sugar and
cholesterol levels. Other altered biochemical tests were: low vitamin D level (14
ng/mL; normal: 30-100 ng/mL), mild elevation of amylase and lipase (1.1 times and
1.4 times upper normal limit, respectively), reduced renal function test (estimated
Glomerular filtration rate - eGFR 67 mL/min), reduced serum potassium (3.1
mmol/L).
Serological investigations excluded viral, metabolic and autoimmune causes of
acute and chronic liver diseases. Negative results were found for the following
parameters: IgM antibodies to hepatitis A virus, hepatitis B surface antigen, hepatitis
B virus DNA, hepatitis C virus RNA, antibodies to hepatitis C virus, serum levels of
iron, transferrin, and ferritin, serum copper and ceruloplasmin levels, alpha 1 antitrypsin, anti-nuclear, anti-smooth muscle, anti-liver kidney microsomal antimitochondrial antibodies, serum protein electrophoresis and immunoglobulins (IgG,
IgA, IgM).

Imaging examinations
Ultrasonographic abdominal investigation revealed mild hepatomegaly with normal
echogenicity. Magnetic resonance cholangiopancreatography showed normal intraand extra-hepatic biliary tree and pancreatic ductal system.

Histological examination
Liver biopsy showed: severe cholestasis in the centrilobular hepatocytes, involvement
of intermediate zone with evidence of bile plugs as well as intra-hepatocyte bile
pigment (Figure 1A), activation and hyperplasia of Kupffer’s cells (Figure 1B) and
preserved biliary ducts in portal areas (Figure 1C).

Genetic analyses
Being satisfied BRIC diagnostic criteria, ATP8B1 and ABCB11 gene analysis was
performed. After obtaining the informed consent for the genetic analyses, targeted
enrichment and panel parallel sequencing were performed on genomic DNA
extracted from circulating leukocytes of the affected subject. Patient library
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Figure 1

Figure 1 Histological pictures of liver biopsy and immunohistochemical analysis of ATP8B1 gene encoded protein in liver biopsy. A: Severe cholestasis in
zone 3 (centrilobular area) with evidence of bile plugs (black arrow) as well as intra-hepatocyte bile pigment [hematoxylin and eosin (HE), 200 ×]; B: Activation and
hyperplasia of Kupffer’s cells, which are stained red by periodic acid schiff (PAS) reaction (black arrow) and counterstained blue by haematoxylin (PAS, 100 ×); C:
Portal area showing preserved biliary duct and few inflammatory cells (HE, 200 ×); D: Canalicular immunoreactivity (diaminobenzidine chromogen and hematoxylin
counterstain) for ATP8B1 gene encoded protein showing mild (black arrow) or absent staining in our benign recurrent intrahepatic cholestasis patient (400 ×); E:
Normal immunohistochemical ATP8B1 gene encoded protein (black arrow) staining in a healthy control (200 ×). Scale bars with length expressed as microns are
reported.

preparation and targeted re-sequencing were performed by using the
NimbleGenSeqCap Target Enrichment kit (Roche, Pleasanton, CA, United States) on a
NextSeq550 (Illumina Inc, San Diego, CA, United States) platform, according to the
manufacture’s protocol. The BaseSpace pipeline (Illumina, https://basespace.illumina.com/) and the TGex software LifeMap Sciences (http://tgex.genecards.org/)
were used for the variant calling and annotating variants, respectively. Sequencing
data have been aligned to the hg19 human reference genome. The variants were
analyzed in silico by using Scale-Invariant Feature Transform and Polymorphism
Phenotyping v2 (http://genetics.bwh.harvard.edu/pph2) for the prediction of
deleterious non-synonymous SNVs for human diseases. Based on the guidelines of
the American College of Medical Genetics and Genomics[6], a minimum mean depth
coverage of 30 × was considered suitable for analysis. Variants were examined for
coverage and Qscore (minimum threshold of 30), and visualized by the Integrative
Genome Viewer. Clinical investigations and genetic analyses were approved by the
institutional scientific board of the institutes involved, and were conducted in
accordance with the Helsinki Declaration.

FINAL DIAGNOSIS
Sequencing analysis identified a heterozygous nonsense variant, c.1558A>T, in exon14
of ATP8B1 gene (NM_005603). This variant has never been described before, and is
not present in dbSNP, Exome Variant Server, or ExAC databases. The finding was
confirmed by Sanger sequencing following a standard protocol (BigDye Terminator
v3.1 Cycle Sequencing Kit, Applied Biosystems by Life Technologies) and tested for
familial segregation, showing a maternal inheritance. According to the American
College of Medical Genetics and Genomics criteria, the c.1558A>T (p.Lys520Ter)
variant can be classified as likely pathogenic. Figure 2 reports pedigrees and
electropherograms of ATP8B1 c.1558A>T variant, which were identified in the patient
family.
To confirm the pathogenetic role of observed mutation, immunohistochemical
study was performed with anti-ATP8B1 Antibody (rabbit polyclonal antibody HPA018674, 1:20 working dilution, Atlas Antibodies, Stockholm, Sweden). This
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Figure 2

Figure 2 Pedigree and electropherograms of ATP8B1 c.1558A>T variant identified in the family of the BRIC
patient.

antibody has a specific affinity for the protein codified by ATP8B1 gene
(https://www.atlasantibodies.com/products/antibodies/primary-antibodies/triplea-polyclonals/atp8b1-antibody-hpa018674/). The protein expression in the liver of the
patient with c.1558A>T mutation was significantly reduced (Figure 1D) as compared
to that of a healthy control (Figure 1E).

TREATMENT
The patient was treated with ursodeoxycholic acid 300 mg thrice daily (15 mg/kg per
day) and colestyramine 4 g twice daily with a clinical improvement. After 15 d, total
bilirubin decreased to 12.38 mg/dL which was near to normal values after 2 mo of
therapy (1.99 mg/dL) with a complete normalization at the 6th and 12th mon.

OUTCOME AND FOLLOW-UP
A 24-mo follow up did not develop any further episode of jaundice; laboratory
investigations showed normal values of hemoglobin (13 g/dL), AST, ALT, GGT, ALP
and total bilirubin (1.32 mg/dL) at this time. Figure 3 summarizes the course of most
significant laboratory tests and a trend chart with the therapeutic process.

DISCUSSION
BRIC is a self-limiting disorder. There is no progression to cirrhosis: liver histology
remains normal during remission. Therefore, it does not cause chronic liver disease.
The knowledge of this entity is crucial as an early recognition can suggest the optimal
prognostic and therapeutic approach.

Review of the literature: general overview
The first report of BRIC dates back to 1956. Its estimated incidence is approximately 1
in 50000 to 100000 people worldwide[1]. It is due to an autosomal recessive disorder
even if two subtypes are known according to respective associated gene mutations,
i.e., BRIC-1 (mutation in the ATP8B1 gene)[3] and BRIC-2 (mutation in the ABCB11
gene) [4] . These mutations induce an impaired function of hepato-canalicular
transporters for the secretion of bile components with a consequent intrahepatic
cholestasis. Mutations in ATP8B1 and ABCB11 genes are also involved in a PFIC type 1 and 2 characterized by a liver damage up to end-stage liver disease[5]. BRIC
diagnostic criteria proposed by Luketic and Shiffman represent the basics in the
diagnosis of the disorder[1]. Indeed, rare cases of BRIC that subsequently transitioned
to a persistent progressive form of the disease (PFIC) have been described, thus
suggesting the possibility of a clinical continuum among the different phenotypic
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Figure 3 Course of most significant laboratory tests and trend chart with the therapeutic process. A: Total and conjugated bilirubin values, expressed as
mg/dL; B: Aspartate aminotransferase, alanine aminotransferase and gamma-glutamyltranspeptidase, expressed as U/L. n.v.: Normal values; GGT: Gammaglutamyltranspeptidase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

expressions due to gene defect[7]. Since both diseases (BRIC and PFIC) are referred to
ATP8B1 and ABCB11 deficiency, as described by van der Woerd et al[5], the central role
of genetic abnormalities is evident and molecular analysis may be useful both to
predict the disease phenotype and determine a tailored treatment strategy.

Our case in the context of recent advances about genetic scenario
BRIC clinical, biochemical and histological pattern of our patient fully agreed with the
criteria of Luketic and Shiffman[1]. The finding of the nonsense variant (c.1558A>T), in
exon14 of ATP8B1 gene, associated with immunohistochemical demonstration of FIC1
deficiency, confirmed our diagnostic hypothesis. At the best of our knowledge, the
mutation we found (c.1558A>T) has not been described in the scientific literature and
international databases (ClinVar, Human Gene Mutation Database, Leiden Open
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Variation Database). Indeed, even if BRIC is an autosomal recessive disease, a single
heterozygous variant in the ATP8B1 gene has been found in a single case of this
disorder[8]. This unexpected finding has induced to hypothesize that a counter allele
could be present but not detected, since some mutations (such as large deletions) may
be undetectable by common methods or involve not analyzed regions (untranslated
regions, upstream regulatory sequences, introns)[9]. On the other hand, the state of art
demonstrates that the most common ATP8B1 mutation identified in European BRIC
patients (I661T) shows an incomplete penetrance in homozygous form, while its
compound heterozygous form has been even associated to a case of PFIC-1[9]. In
addition, mutation type or location correlate with disease severity[9].
In this multifaceted setting of hepato-canalicular transporter genetic disorders, an
apparently autosomal dominant transmission in a family with BRIC has been recently
reported[10]. These data suggest the likehood of an additional unmapped locus for
autosomal recessive BRIC and PFIC[11]. To support this possibility, biallelic MYO5B
mutations has been recently reported in patients with isolated low-GGT cholestasis[12].
This finding suggests that patients lacking mutations in both ATP8B1 and ABCB11
genes should be screened for additional gene mutations involved in bile secretion and
transport pathways[13]. Indeed, at this regard, a recent systematic review highlighted
the “expanded PFIC disorders” thus suggesting the possible involvement of genes
other than already known ones, such as those related to TJP2, NR1H4 (FXR protein),
MYO5B, USP53 and LSR defects, being these genes are all involved in bile transport
physiology[14].
Differently from the other sequence variants of ATP8B1 gene found in
heterozygous form, we observed a “nonsense” mutation able to induce the insertion
of a premature stop codon (p.Lys520Ter) and impair the production of FIC1.
Additionally, this variant has never been described at the best of our knowledge,
being not present in dbSNP, Exome Variant Server, or ExAC databases. Finally, a
mechanistic study of its biological effect was performed by immunohistochemistry for
gene codified protein deficiency and unquestionably confirmed that FIC1 level was
severely lacking[15].
In this context, the mutation found in our patient perfectly fits with what known
about the complex genetic scenario. Additionally, the nonsense variant was confirmed
by Sanger sequencing and tested for familial segregation, showing a maternal
inheritance, thus supporting the known familiarity of the disorder.

CONCLUSION
FIC refers to a heterogeneous group of autosomal recessive liver disorders, which
occur worldwide. In all cases of FIC, a wide range of variations in clinical phenotypes
has been observed, possibly due to the variability of the mutations and type of
segregation, which have even been sporadically found as compound heterozygosity.
Molecular analysis is mandatory for a correct and complete diagnosis and our case
provides the novelty that the finding of a single nonsense heterozygous mutation
does not exclude an inherited disorder. In this case, however, immunostaining for the
corresponding encoded protein is recommended to confirm a cause-effect
relationship. Therefore, the genetic heterogeneity and the complexity of the
mechanisms related to the biliary flow suggest that inherited abnormalities other than
those already known, could be not only at the basis of the spectrum of familial
intrahepatic cholestatic disorders, but also of specific pro-cholestatic genetic
predisposition, thus encouraging further investigations in this field.
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Abstract
Polycystic liver disease (PLD) is a rare hereditary disease that independently
exists in isolated PLD, or as an accompanying symptom of autosomal dominant
polycystic kidney disease and autosomal recessive polycystic kidney disease with
complicated mechanisms. PLD currently lacks a unified diagnostic standard. The
diagnosis of PLD is usually made when the number of hepatic cysts is more than
20. Gigot classification and Schnelldorfer classification are now commonly used
to define severity in PLD. Most PLD patients have no clinical symptoms, and
minority with severe complications need treatments. Somatostatin analogues,
mammalian target of rapamycin inhibitor, ursodeoxycholic acid and vasopressin2 receptor antagonist are the potentially effective medical therapies, while cyst
aspiration and sclerosis, transcatheter arterial embolization, fenestration, hepatic
resection and liver transplantation are the options of invasion therapies.
However, the effectiveness of these therapies except liver transplantation are still
uncertain. Furthermore, there is no unified strategy to treat PLD between medical
centers at present. In order to better understand recent study progresses on PLD
for clinical practice and obtain potential directions for future researches, this
review mainly focuses on the recent progress in PLD classification, clinical
manifestation, diagnosis and treatment. For information, we also provided
medical treatment processes of PLD in our medical center.
Key words: Polycystic liver disease; Autosomal dominant polycystic kidney disease;
Autosomal recessive polycystic kidney disease; Isolated polycystic liver disease;
Diagnosis; Treatment
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INTRODUCTION
Polycystic liver disease (PLD) is a rare hereditary disease and often defined as
multiple diffuse cysts of the liver[1]. It can independently exist in isolated PLD (PCLD),
or as an accompanying symptom of autosomal dominant polycystic kidney disease
(ADPKD) and autosomal recessive polycystic kidney disease (ARPKD), while the
mechanisms of cysts in PLD and PKD are complicated. In the one hand, they are both
related to the primary cilia of biliary epithelial cells and the key proteins associated
with cilia function, thus classified as fibrocystic diseases or ciliary diseases[2]. In the
other hand, some scholars have classified them as cholangiopathic disease due to the
source of PLD cysts which is from congenital bile duct dysplasia through multiple
mechanisms[3]. Meanwhile, there is an opinion that the two mentioned above are
actually associated with each other for there is a causality between fibrocystic
malformation and dysgenesis of the biliary structures. In the limited treatments of
PLD, drug therapy has gradually become a hot spot along with the deepening
understanding on the pathogenesis of PLD, while there are still controversies in
surgical treatments. In order to better understand recent progresses on PLD for
clinical practice and contribute to potential directions for future researches, we
conducted this non-systematic review mainly focusing on the recent progresses on
PLD classification, clinical manifestation, diagnosis and treatments.

BRIEF SUMMARY OF EPIDEMIOLOGY AND MECHANISMS
Despite the genes associated with pathogenesis, the natural courses of various PLD in
the liver are basically the same, showing as a continuous increase in the number and
volume of cysts in liver[4]. However, it is essential to clarify the various forms of PLD
(Table 1).

PLD in ADPKD
ADPKD is the most common monogenic genetic disease in the kidneys, with a global
incidence of about 0.25% to 1%[5]. PLD is the most common extrarenal symptom of
ADPKD, which involved with 94% ADPKD patients[6]. Mutations in two genes (PKD1
and PKD2) cause the development of ADPKD. PKD1 is located at chromosome
16p13.3 with 80% of cases related to it, while PKD2 is located at chromosome 4q21-22,
which is responsible for the remaining 5-10% of cases[5]. PKD3 was once thought to be
associated with ADPKD but excluded according to the recent family reanalysis[7].
Additionally, GANAB, which is involved in protein folding, was also reported to be
responsible for ADPKD[5,8].

PLD in ARPKD
ARPKD is pretty rare with the incidence about 1:20000. It often occurs in children, of
which 30% die from severe lung dysplasia and secondary respiratory failure, with
renal collecting duct dilatation, bile duct dysplasia and portal fibrosis as the mainly
clinical manifestations[9]. At present, a mutation of PKHD1 gene on the short arm of
chromosome 6 encoding a fibrocystic protein, of which function is still not wellknown, is found to be responsible for ARPKD. As well as PKD1 and PKD2, PKHD1 is
also involved in the processes of forming the original cilia of liver and kidney,
eventually causing cyst formation[2].

PLD in PCLD
Unlike ADPKD and ARPKD, PCLD often does not involve the kidneys[10]. In the
previous studies of variant genes in PCLD, PRKCSH gene mutation accounted for the
highest proportion of 15%, followed by SEC63 and LRP5. Meanwhile, GANAB is the
first gene found to be associated with PCLD with a small proportion (approximately
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Table 1 Brief summary of various polycystic liver disease
Disease

Genes mutation

Kidney involvement

ADPKD

PKD1, PKD2, GANAB

Yes

ARPKD

PKHD1

Yes

PCLD

PRKCSH, SEC63, LRP5, GANAB, ALG8, SEC61B, PKHD1

Usually not

ADPKD: Autosomal dominant polycystic kidney disease; ARPKD: Autosomal recessive polycystic kidney
disease; PCLD: Isolated polycystic liver disease.

1%). However, there are still a big amount of cases where a pathogenic gene cannot be
found. The products of PRKCSH, SEC63 and GANAB genes are important proteins
involved in the process of co-translational transport and maturation of glycoproteins
in the endoplasmic reticulum[11], while the unidirectional transmembrane molecules
encoded by LRP5 gene, with Frizzled receptors together, can bind to Wnt proteins,
thereby initiating the Wnt signaling pathway and participating in the
pathophysiological changes of PCLD[12]. Furthermore, in the recent PCLD pathogenic
gene research, mutations in three genes, ALG8, SEC61B and PKHD1, are also found to
be involved in the development of PCLD, which together with the above-mentioned
PRKCSH, SEC63, LRP5, and GANAB genes can explain nearly 50% PLD cases[13]. The
α-1,3-glycosyltransferase encoded by the ALG8 gene is an endoplasmic reticulum
integral membrane protein[14], and the SEC61B gene-encoded product is an important
component of the SEC63 protein complex on the endoplasmic reticulum. Both the two
genes play important roles in protein quality regulation[15]. In addition, recent study[16]
showed cholangiocyte autophagy contributed to hepatic cystogenesis in PLD and
represented as a potential therapeutic target.

CLINICAL MANIFESTATION
Although the volume of PLD liver increases by 1.8% per 6 to 12 mo[17,18], most patients
have no clinical symptoms regardless of the type of PLD. About 20% of patients
develop obvious clinical symptoms including dyspnea, early satiety, abdominal
distension, malnutrition, gastroesophageal reflux, back pain due to hepatomegaly
pressing surrounding organs or cyst complications, which will seriously affect the
quality of life [19-21] . Moreover, patients suffering from PLD may develop hepatic
venous outflow obstruction because of cystic mass effect, resulting in portal
hypertension, ascites, variceal haemorrhage or splenomegaly[22,23]. Gabow et al[24] found
that the risk factors for hepatic cyst symptoms in ADPKD patients were older age,
female gender and multiple pregnancy history. Studies[25,26] have also shown that in
female, hepatic cysts grow rapidly under the influence of hormones, which may be
related to the expression of estrogen receptors α and β[27]. Moreover, lower age was
reported to be independently associated with larger liver volume in ADPKD females
patients, whereas the higher age in male patients[28]. The gender differences and
related mechanisms should be investigated in future.
In most patients with PLD, liver function tests are usually normal because liver
parenchyma is not completely destroyed[29], however elevated γ-glutamyltransferase,
alkaline phosphatase, aspartate aminotransferase and total bilirubin are reported in
some serious cases[30,31]. Elevation of γ-glutamyltransferase and alkaline phosphatase
may be the result of biliary cell activation[24,32], while the increase in total bilirubin can
be seen in some cases of cystic compressing the bile duct. Furthermore, a study by
Waanders et al[33] found that 45% PLD patients showed an increase in CA19-9 with a
degree of elevation positively correlated with polycystic liver volume. Besides, the
possibility of cysts infection is needed to consider when detecting a significant
increase of CA19-9, and decrease of CA19-9 can be seen following effective antiinfective treatments.

DIAGNOSIS
The diagnosis of PLD is usually made when the number of hepatic cysts is more than
20[31]. However, patient with a family history of PCLD can be diagnosed when number
of cysts more than 4[10]. However, the type of PLD can be hard to distinguish. Because
PCLD patients may have renal cysts while ADPKD or ARPKD patients may have
hepatic cysts as the main clinical manifestations, the identification between them
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without family history may be difficult and requires genetic analysis.
Currently there are mainly two clinical classifications on PLD: Gigot classification[34]
(Table 2) and Schnelldorfer classification[35] (Table 3). Both of them include the number
and size of cysts and the remaining liver parenchyma volume as the criteria for
typing, while the latter also considers the inflow and outflow of pre-retained liver
segments, which is more conducive to the choice of treatment. There was a Qian
classification[19] relying on the number of cysts and the presence of symptomatic
hepatomegaly (Table 4), however it is seldom used now because of oversimplification
and, more importantly, having no contribution to selection of treatments.

TREATMENTS
Most patients with asymptomatic PLD do not need any treatment, while minority
need only when incapacitating symptoms and a lower quality of life caused by
hepatomegaly or complications such as cyst rupture, infection, bleeding, or hepatic
venous outflow obstruction[21,36]. At present, the treatments of PLD are divided into
three main categories: drug therapy, percutaneous therapy and surgical therapy.

Drug therapy
Somatostatin analogues: Although there is currently no approved effective treatment
for PLD, recent progresses in somatostatin analogues have been achieved with
positive results [37] . Somatostatin is a neurohormone with a wide range of effects
through combining with somatostatin receptor (SSTR). There are five subtypes of
SSTR (SSTR-1 to SSTR-5), which are expressed in varied tissues of human body.
Somatostatin analogues such as octreotide, lanreotide and etc. are able to interact with
the SSTR on the surface of the cyst wall to reduce the cAMP level of the bile duct
epitheliums, inhibit the secretion of cyst fluid and hyperplasia of the bile duct cells,
therefore inhibiting the growth of hepatic cysts[38,39].
Multiple controlled trials[17,18,40,41] showed that the liver volume of the group using
somatostatin analogues was significantly reduced comparing to the control group. For
octreotide, Caroli et al[40] administered 40 mg of octreotide per month and found that
the experimental group had a significant reduced liver volume 71 ± 57 mL within 6
mo. Meanwhile, Hogan et al[17] gave the same dosage of octreotide to patients with
severe ADPKD and PLD and the liver volume decreased by 4.95% ± 6.77% within a
year (P = 0.048). In some patients with symptomatic PLD, octreotide were reported for
significantly slowing disease progression, reducing symptoms and improving quality
of life for 4 years[42]. For lanreotide, the liver volume of PLD patients using lanreotide
decreased by 2.9% on average in 6 mo, and 4.0% in a year (P = 0.01)[18]. And more
recently, lanreotide also showed positive effects on decreasing liver volume in
patients with ADPKD and PLD, compared with control arm[43]. For the pattern of
effectiveness, the 120 mg lanreotide group benefited more than the 90 mg lanreotide
group and the control group[41]. In another study, Temmerman et al[44] increased the
therapeutic dose of lanreotide non-responder from 90 mg to 120 mg, which led to
stopping liver volume growing. These studies have shown that the efficacy of
lanreotide may be dose-dependent.
Pasireotide is a more stable somatostatin analogue than octreotide, with a half-life
of 12 h and it is currently used to treat Cushing's syndrome. Unlike octreotide and
lanreotide, pasireotide can combine with all the SSTR subtypes to function, except
SSTR-4 [45] . Studies [46] have shown that pasireotide is more effective in relieving
hepatorenal cyst formation than octreotide in the PKD mouse model. Further clinical
data are required to confirm its efficacy.
On the contrary, a research[47] systematically reviewed seven PLD drug treatment
studies from January 1966 to August 2014 and found that though the use of
somatostatin analogues significantly reduced liver volume in 6 mo, however the
improvement of patient quality of life and relief of clinical symptoms were very
limited. In addition, there are some controversies about duration of efficacy and effect
of cessation of treatment (also called drug holiday). Some studies[48] have also shown
that the efficacy of somatostatin analogue therapy can only last for 2 years, and
cessation of treatment would lead to disappearance of effect or even a rebound
effect[42,49,50]. However, a study[43] showed the benefit to reduce liver volume from
lanreotide still persisted 4 mo after cessation of the drug. Meanwhile, second cycle of
somatostatin analogues after a drug holiday would still be as effective as the first in
reducing liver volume [50] . This issue should be investigated in future clinical
practicing.
Mammalian target of rapamycin (mTOR): mTOR is a serine/threonine protein
kinase belonging to the phosphatidylinositol 3-kinase-associated kinase (PI3K) family
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Table 2 Gigot classification
Number of cysts

Cyst size

Remaining areas of noncystic liver parenchyma

Gigot type I

< 10

Large (> 10 cm)

Large

Gigot type II

Multiple

Small, medium

Large

Gigot type III

Multiple

Small, medium

Few

and plays an important role in regulating signaling in many pathways. It mainly
presents in two different complexes: Rapamycin target protein complex 1 (mTORC1)
and rapamycin target protein complex 2 (mTORC2). mTORC1 is a growth regulator
that can sense and aggregate trophic and environmental factors, while mTORC2 can
promote cell survival, regulate cytoskeletal remodeling, ion transport and growth[51].
mTOR inhibitor is a targeted drug currently used in the treatment of cancer, including
sirolimus, everolimus, and etc. In the PKD animal model, they showed significant
inhibition of cyst growth and delaying the progression of the disease[52-55]. Qian et al[56]
showed that sirolimus significantly reduced liver volume (11.9%) in ADPKD patients
after renal transplantation (P = 0.009). However, in the clinical randomized controlled
trials by Serra et al[57] and Walz et al[58] 18 mo of sirolimus and 2 years of everolimus
were used, respectively, and had no significant effect on progression of renal cysts (P
= 0.26, P = 0.06). Chrispijn et al[59] used different drug regimens for PCLD and ADPKD
patients. The efficacy of everolimus-octreotide combination therapy was not
significantly different in reducing liver volume compared with octreotide
monotherapy (P = 0.73). On the other hand, as an immunosuppressive agent, mTOR
inhibitors could increase the incidence of infection and malignant tumors as well as
other side effects including dyslipidemia, thrombosis and lung diseases. Although
most of them are moderate and may regress with lower doses, these side effects are
unpredictable and idiosyncratic, which medics need to pay highly cautions to in
clinical practice[60].
In summary, though with acceptable safety profile, there is not enough evidence to
prove that mTOR inhibitors can benefit PLD patients. Thus, the use of mTOR
inhibitors for the treatment of PLD is not recommended until more systematic and
comprehensive results are obtained.
Ursodeoxycholic acid: Ursodeoxycholic acid (UDCA), which is a Ca2+ agonist in
hepatocytes and biliary epithelial cells, has been shown to delay the growth of hepatic
cysts in PLD animal model experiments. The mechanism is to inhibit cystic
hyperplasia of biliary epithelial cells by inhibiting the proliferation of cystic bile duct
epithelium and decreasing cytotoxic bile acid levels in the liver without affecting
apoptosis by the PI3K/AKT/MEK/ERK1/2 pathway[61]. However, a multicenter
randomized controlled trial[62] showed that liver volume insignificantly increased by
4.6% ± 7.7% in advanced PLD patients after 24 wk of UDCA treatment, with a liver
volume increase of 3.1% ± 3.8% in the control group (P = 0.493), but subgroup analysis
showed significant delay on the growth of hepatic cysts in ADPKD patients (P =
0.049).
Vasopressin-2 receptor antagonist: Vasopressin-2 receptor (V2R) is localized in the
renal tubular epithelium, which promotes vesicle secretion and cell proliferation by
up-regulating cAMP level[63]. Studies[64] have shown that antagonizing V2R in the
kidney can delay the growth of renal cysts and improve renal function in the PCK
mouse model. In a randomized controlled trial[65], the growth rate of renal cysts in the
treatment group treated with tolvaptan was slower than the control group (P < 0.001).
Meanwhile, even in advanced ADPKD patients, tolvaptan also showed protective
effect on kidney function[66]. Although V2R is theoretically not expressed in biliary
epithelial cells, meaning V2R antagonists are not effective against hepatic cysts,
successful V2R treatment in reducing liver volume in PLD patients have recently been
reported[67].

Percutaneous therapy
Cyst aspiration and sclerosis: This treatment is often used for patients with a single
giant cyst, as the Gigot type I[68]. Besides completely suction of fluid, the sclerosing
agent will be injected into the cyst to destroy the epitheliums of the cyst wall. The
most commonly used agent is ethanol, followed by ethanolamine oleate, minocycline,
tetracycline, etc.[68,69]. A retrospective study by Benzimra et al[70] collected 58 cases of
hepatic cysts treated with puncture and ethanol sclerotherapy, and the cyst volume
was reduced by an average of 94% and the symptom relief rate was 95%. In meta-
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Table 3 Schnelldorfer classification

Symptoms

Cyst characteristics

Areas of relative normal
liver parenchyma

Isosectoral portal vein or
hepatic vein occlusion of
preserved sector

Type A

Absent or mild

Any

Any

Any

Type B

Moderate or severe

Limited Number with large
cysts

> 2 sectors

Absent

Type C

Severe (or moderate)

Any

> 1 sector

Absent

Type D

Severe (or moderate)

Any

< 1 sector

Present

analysis review [71] of cystic puncture and sclerotherapy including a total of 526
patients in 16 studies, 76%-100% of cases had partial cyst volume remission, while
72%-100% of cases had partial symptom remission, and 56%-100% of cases reported
disappearance of symptoms. However, some researchers reported that the recurrence
rate of cysts was as high as 80% undergone cyst aspiration and sclerosis, and the
recurrence rate of symptoms was as high as 50%[72]. Nevertheless, PLD patients are
often diagnosed with multiple cysts, thus this procedure actually is seldom used in
PLD patients.
Transcatheter arterial embolization: Transcatheter arterial embolization (TAE) is
using embolic agents to selectively embolize the branches of the arteries that supply
blood to the cysts, thereby destroying the cells of the cystic wall, cutting off the source
of the cystic fluid, and controlling the disease progression[73]. The application of this
treatment is mainly due to the recent study showed that the cysts in PLD were mainly
supplied by the hepatic artery[74]. A retrospective study with a small sample by Zhang
et al[75] found that liver volume of PLD patients after TAE decreased by 32%, 31%, and
33% at 1 year, 2 years, and 3 years, respectively, while liver cyst volume reduced by
36%, 37%, 38%. Hoshino et al[76] collected 244 PLD cases undergone liver TAE, and the
liver volume decreased by 94.7% (95%CI: 93.5%-95.8%) at 6 mo and 90.8% (95%CI:
88.7%-92.9%) at 1 year after TAE, respectively. A recent preliminary study[77] also
showed positive effects on improvement of symptoms and shrinkage of cyst volume
in PLD patients. Meanwhile, a study[78] showed its failure rate is as high as 69.6%,
including uncontrolled symptoms, postoperative liver failure and death.
Nevertheless, there is still a need for more well-designed large-scale studies to
investigate their safety and efficacy before widespread adoption. And efforts should
be made to investigate its potential as an adjuvant therapy.

Surgical therapy
Fenestration: Being different with cyst puncture and sclerotherapy, fenestration is
often used for the treatment of multiple cysts, as Gigot type I-II or Schnelldorfer type
B patients. In addition, the procedure can also be applied to cases when cyst puncture
and sclerotherapy failed [79] . With the development of laparoscopic techniques,
fenestration is now usually performed using laparoscope, but sometimes it has to be
completed under the ordinary surgery due to uncontrollable bleeding, blind spots or
technique, etc [ 1 ] . Symptoms are greatly relieved in 92% of cases undergone
fenestration[80], however 33.7% of patients suffer symptomatic recurrence and 26.4%
need reintervention[81]. Patients with multiple cysts larger than 5 cm in diameter have
a higher recurrence rate than patients with smaller volume cysts [82] . Common
complications of this procedure include ascites, pleural effusion, hemorrhage, and bile
leakage. A meta-analysis[83] showed that the recurrence rate through open surgery was
slightly lower, however without statistical significance, than through laparoscopic
approach (5% vs 6%), and most recurrent cysts do not require second surgery.
However, we believe the incidence of complication of laparoscopic fenestration will
reduce, which is related to the continuous updating of surgical instruments and the
increasing experience of surgeons. Besides, considering the convenience and small
trauma, we still recommend laparoscope as first priority.
Hepatic resection: Hepatectomy is often used in severe Gigot II PLD patients with at
least one liver segment that is not affected by the cysts[35]. The extent of resection
depends on the size and distribution of the cysts. However, due to the compression of
the cyst, the distorted Glison system and hepatic venous outflow obstruction increase
the difficulty of resection. Thus, for cysts that cannot be removed, fenestration is often
performed with hepatic resection[3]. Meanwhile, hepatic venous outflow obstruction is
frequent in PLD and has major consequences on intraoperative bleeding and
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Table 4 Qian classification
Number of cysts

Symptomatic hepatomegaly

Grade 0

0

No

Grade 1

1-10

No

Grade 2

11-20

No

Grade 3

> 20

No

Grade 4

> 20

Yes

postoperative ascites and liver failure[84]. In a retrospective study by Chebib et al[85]
including 186 PLD patients undergone hepatectomy, postoperative liver volume is
reduced by an average of 61% comparing to preoperative, with a high complication
rate of 21% and a mortality rate of 2.7%. On the other hand, some studies[83,86] claimed
that hepatectomy could greatly alleviate symptoms and prolong the needs of liver
transplantation with an acceptable safety profile. In addition, application of
somatostatin analogues after hepatectomy can inhibit the growth of residual cysts and
prevent the occurrence of new cysts[86]. Despite the compromising relief of symptom
and reduction of liver volume, it is presently not recommended as a first-line
treatment plan, because of the high complication and mortality rate and the potential
difficulties for the future liver transplantation due to abdominal adhesion [1,87] .
Nevertheless, we consider the most important issues may be when and how to
perform this procedure, or in other words, which group of patients benefit from
hepatotectmy, which would maximize the value of the surgery.
Liver transplantation: Liver transplantation is currently the only cure for PLD, which
is mainly applied in Gigot type III patients with severe symptoms that seriously affect
the quality of life of patients, as well as untreated complications such as portal
hypertension and malnutrition[1]. In the PLD classification designed by Schnelldorfer
et al[35], liver transplantation is suitable for patients with type D. Compared with
hepatocellular carcinoma and chronic liver failure, the survival rate of PLD is
significantly higher than that of the former two, respectively[88,89]. It has been reported
that the 5-year survival rate was 92.3%[90], while a more recent research found it as
85.1%[88]. Meanwhile, most of patients have a significant improvement on healthrelated quality of life assessment after transplantation[91]. Even liver transplantation
performs comparatively well in PLD, however, due to the lack of liver donors,
relatively low urgency and low mortality rate, it is difficult to extensive perform and
necessary to carefully evaluate the indications of liver transplantation.

MEDICAL TREATMENT PROCESS
Although some institutions have attempted to make guidance in treating PLD[92], there
is currently no widely accepted international guideline for treatment of PLD. Various
therapies were used to treat different types of PLD in different medical centers.
Schnelldorfer et al [ 3 5 ] gave the corresponding preferred treatment based on
Schnelldorfer classification. Base on this, we modified the process according to the
clinical experience of our medical center in treating PLD, which is being used in our
medical center, and here we summarize it as Figure 1.
Ultrasound should be the first choice for first visit of suspicious PLD patients.
Enhanced computer tomography is used for patients diagnosed with PLD to
determine Schnelldorfer classification. The treatment plan is determined based on the
classification, liver function and computerized three-dimensional imaging which is
used to calculate liver volume and estimate resident liver volume after resection for
ensuring safety of hepatectomy. For patients with asymptomatic or mild symptoms,
Schnelldorfer type A, simple observation or long-acting somatostatin analogue can be
applied without any surgical interventions. Schnelldorfer B patients with large cysts
but limited number should be treated with cyst aspiration and sclerosis or
fenestration depending on situation of cysts, to reduce cyst volume and relieve
symptoms. For Schnelldorfer type C patients with excessive cysts, normal liver
function and sufficient liver parenchyma volume, only fenestration cannot achieve
long-term relief of symptoms. Under the premise of ensuring the pre-retained inflow
of the hepatic lobe and the safety of the outflow tract, it is more appropriate to choose
hepatectomy with fenestration to remove the liver segment occupied by the cyst,
which would minimize the liver volume for controlling symptoms for a longer time.
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Figure 1

Figure 1 Polycystic liver disease diagnosis and treatment process in our medical center based on Schnelldorfer classification. PLD: Polycystic liver disease;
LV/SLV: Remaining liver volume / standard liver volume; CT: Computer tomography.

However, if Schnelldorfer is classified as type C with impaired liver function (childpugh score B or C) or insufficient residual liver volume (remaining liver volume /
standard liver volume < 30%), liver transplantation is recommended. In addition,
somatostatin analogue can be considered after fenestration or hepatectomy.
Hepatectomy is no longer suit for Schnelldorfer type D patients, and liver
transplantation is most appropriate regardless of the condition of liver function.

CONCLUSION
PLD is a hereditary genetic disease. Although PLD progresses with age, only a small
number of patients have symptoms that require treatment. At present, the treatment
of PLD is mainly drugs intervention, cyst puncture and sclerotherapy, fenestration,
transcatheter arterial embolization, liver resection, liver transplantation. Clinical drug
therapy for PLD is currently focused on somatostatin analogues, while many other
drug targets are being developed as more and more clinical trials validating their
effectiveness. Liver transplantation is now the only cure for PLD, but it cannot be
carried out in large quantities due to complicated reasons. Except liver
transplantation, the other four surgical and interventional treatments can be widely
used for PLD patients with different conditions. But considering the high recurrence
rate, serious complications and mortality, it is necessary to carefully consider the
indications. Besides, various combination therapies should be investigated in future
researches for better effectiveness. In addition, for reference, we provide the diagnosis
and treatment process being applied in our medical center, which is based on
Schnelldorfer classification and the experience of the medical center.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a common cause of liver disease
worldwide and is a growing epidemic. A high ratio of omega-6 fatty acids to
omega-3 fatty acids in the diet has been implicated in the development of
NAFLD. However, the inflicted cellular pathology remains unknown. A high
ratio may promote lipogenic pathways and contribute to reactive oxygen species
(ROS)-mediated damage, perhaps leading to mitochondrial dysfunction.
Therefore, these parameters were investigated to understand their contribution to
NAFLD development.
AIM
To examine the effect of increasing ratios of omega-6:3 fatty acids on
mitochondrial function and lipid metabolism mediators.
METHODS
HepG2-derived VL-17A cells were treated with normal (1:1, 4:1) and high (15:1,
25:1) ratios of omega-6: omega-3 fatty acids [arachidonic acid (AA):
docosahexaenoic acid (DHA)] at various time points. Mitochondrial activity and
function were examined via MTT assay and Seahorse XF24 analyzer, respectively.
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Triglyceride accumulation was determined by using EnzyChrom™ and levels of
ROS were measured by fluorescence intensity. Protein expression of the
mediators of lipogenic, lipolytic and endocannabinoid pathways was assessed by
Western blotting.
RESULTS
High AA:DHA ratio decreased mitochondrial activity (P < 0.01; up to 80%) and
promoted intracellular triglyceride accumulation (P < 0.05; 40%-70%).
Mechanistically, it altered the mediators of lipid metabolism; increased the
expression of stearoyl-CoA desaturase (P < 0.05; 22%-35%), decreased the
expression of peroxisome proliferator-activated receptor-alpha (P < 0.05; 30%40%) and increased the expression of cannabinoid receptor 1 (P < 0.05; 31%).
Furthermore, the high ratio increased ROS production (P < 0.01; 74%-115%) and
reduced mitochondrial respiratory functions such as basal and maximal
respiration, ATP production, spare respiratory capacity and proton leak (P < 0.01;
35%-68%).
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CONCLUSION
High AA:DHA ratio induced triglyceride accumulation, increased oxidative
stress and disrupted mitochondrial functions. Stimulation of lipogenic and
steroidal transcription factors may partly mediate these effects and contribute to
NAFLD development.
Key words: Non-alcoholic fatty liver disease; Lipogenesis; Omega fatty acids;
Mitochondrial dysfunction; Reactive oxygen species; Oxidative stress
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: A high ratio of omega 6:3 fatty acids in the diet has been implicated in the
development of non-alcoholic fatty liver disease, a growing epidemic of major concern.
The cellular pathology induced by such high ratios remains unknown. Here, we observed
that in human hepatoma HepG2 (VL-17A) cells, high omega-6:omega-3 ratio reduced
mitochondrial activity, increased triglyceride accumulation, elevated reactive oxygen
species levels and interrupted several mitochondrial functions. Moreover, the increased
expression of stearoyl-CoA desaturase, decreased expression of peroxisome proliferatoractivated receptor alpha and elevation in cannabinoid receptor-1 expression collectively
lead to lipogenesis and lipotoxicity, which are key features of non-alcoholic fatty liver
disease development.

Citation: Ghazali R, Mehta KJ, Bligh SA, Tewfik I, Clemens D, Patel VB. High omega
arachidonic acid/docosahexaenoic acid ratio induces mitochondrial dysfunction and altered
lipid metabolism in human hepatoma cells. World J Hepatol 2020; 12(3): 84-98
URL: https://www.wjgnet.com/1948-5182/full/v12/i3/84.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i3.84

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) overarches all chronic liver conditions
resulting from high liver fat content that are not caused by alcohol consumption,
steatogenic medication or monogenic disorders. It encompasses a broad spectrum of
pathological states ranging from the initial steatosis (fatty liver), which may progress
to non-alcoholic steatohepatitis (NASH), followed by fibrosis and cirrhosis, and may
result in liver failure or hepatocellular carcinoma[1]. NAFLD is believed to arise in a
multi/repeated hit stage process. In the first stage, lipids (triglycerides) accumulate in
the hepatocytes due to factors such as increased consumption of lipids and/or
carbohydrates, insulin resistance-induced release of free fatty acids from the adipose
tissue, elevated lipogenesis, reduced fatty acid oxidation, and reduced lipoprotein
secretion from the liver. Subsequent stages are triggered by inflammation, oxidative
stress, gut dysbiosis and mitochondrial dysfunction, which causes cellular injury
eventually leading to liver ﬁbrosis[2,3].
The current global prevalence of NAFLD is approximately 25%[4] and a common
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cause of liver cancer in United States[1]. With the growing epidemic of obesity in the
Western world and the Middle East, NAFLD is predicted to be the most frequent
indication for liver transplantation by 2030[5]. It is also associated with the metabolic
syndrome, increasing the risk for cardiovascular disease, insulin resistance and type 2
diabetes [6] . Thus, effective preventive and prophylactic measures are urgently
required.
A high omega 6: omega-3 fatty acid dietary ratio has been correlated with NAFLD
pathogenesis[7]. A normal omega 6:3 ratio is around 1-4:1, where omega-3 fatty acids
regulate hepatic lipogenesis and are anti-inflammatory and anti-thrombotic [8,9] .
However, Western diets contain higher omega 6:3 ratios ranging from 15-20:1[8,10] that
disrupt the regulation of intrahepatic lipids, and promote a prothrombotic and
proinflammatory environment[10]. In NAFLD/NASH patients, omega-3 levels are
significantly low, which correlates with hepatic steatosis and increased
proinflammatory arachidonic acid (AA) metabolic products[11,12]. The therapeutic
effects of low dietary omega 6:3 ratio have been observed in animal models and in
clinical trials with NAFLD/NASH patients [13-15] . In this scenario, it is pivotal to
understand the yet unknown underlying cellular mechanisms that prevail under
states of high omega-6: omega-3 ratio. This may identify cellular and molecular
targets that may help in formulating therapeutic interventions to effectively prevent
and treat NAFLD.
Accordingly, this study examined the effects of high ratio of omega-6: omega-3
fatty acids on mitochondrial functions, and several parameters and regulators of lipid
metabolism to understand the underlying mechanisms and extrapolate their
contribution to fatty liver development and NAFLD pathogenesis. Here, the effect of
high AA (omega-6): docosahexaenoic acid (DHA) (omega-3) ratio was studied on
intracellular triglyceride accumulation, mitochondrial activity, oxidative stress and
mitochondrial functions. Moreover, to understand the responses of the mechanistic
mediators, we examined the expressions of stearoyl-CoA desaturase (SCD1) - the
lipogenic enzyme involved in fatty acid synthesis, peroxisome proliferator-activated
receptor alpha (PPAR-α)- a transcription factor that mediates fatty acid oxidation,
sterol regulatory element-binding protein 1 (SREBP1c) - a transcription factor that
induces genes involved in fatty acid synthesis, and cannabinoid receptors 1 and 2
(CB1, CB2), as their activation has been implicated in fatty liver development[16,17].

MATERIALS AND METHODS
Cell culture
VL-17A, human hepatoma cell line (overexpress ADH and CYP2E1) [18] were
maintained at 37 ºC in 5% CO2 in a high-glucose (25 mmol) Dulbecco’s Modified Eagle
Medium (DMEM) (Lonza Ltd, United Kingdom) supplemented with L-Glutamine (2
mmol) (Lonza Ltd, United Kingdom), penicillin (100 U/mL) (Lonza Ltd, United
Kingdom), streptomycin (100 mg/mL) (Lonza Ltd, United Kingdom), sodium
pyruvate (1 mmol) and 10% foetal calf serum (FCS) (Biosera, United Kingdom)[19,20].
Prior to maintenance, cells were grown in Plasmocin Prophylactic (5 µg/mL in
DMEM) for four weeks.

Treatments
Cells were treated with different ratios of omega-6 AA: omega-3 DHA (1:1, 4:1, 15:1
and 25:1) for the required period. AA and DHA were of > 98% purity and acquired
from Sigma-Aldrich (Gillingham, United Kingdom). Fatty acids were prepared as 8
mmol stock in DMSO and then diluted in 1% FCS low-glucose (1 g/L) DMEM to
obtain the required treatment concentrations[20]. The fatty acids were in free form with
a concentration of 0.02% bovine serum albumin (BSA) in the FCS[20].
Following the treatments, various parameters were examined such as
mitochondrial activity, triglyceride accumulation, reactive oxygen species (ROS)
levels and mitochondrial functions (basal and maximal respiration, ATP production,
protein leak and spare respiratory capacity). Also, protein expression of the mediators
of lipogenic, lipolytic and endocannabinoid pathways, SCD1, PPAR-α, SREBP1c, CB1
and CB2 were studied. Data were expressed relative to the experimental control i.e.,
cells not treated with omega fatty acids but treated with 0.5 % DMSO in maintenance
medium (referred to as untreated control). Comparisons were drawn between the
three groups: (1) Untreated control; (2) Moderate omega-6: omega-3 ratios of 1:1 and
4:1; and (3) High ratios of 15:1 and 25:1.

Assessment of lipotoxicity
Mitochondrial activity, and thereby lipotoxicity, was assessed by using the MTT
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assay, adapted from previous studies [21,22] . Briefly, cells (2.5 × 10 4 cells/200 µL
DMEM/well) were incubated overnight in 96-well plates and then treated with
different ratios of omega fatty acids for 24, 48 and 72 h. After the treatment, MTT (5
mg/mL) (Sigma-Aldrich, United Kingdom) was added and the cells were incubated
for 2 h at 37 ºC. Cells were then washed with PBS, treated with DMSO (100 µL/well)
and incubated for 15 min at room temperature. Absorbance was measured at 550 nm
using a VersaMax microplate reader (Molecular Devices, United Kingdom).

Measurement of cellular triglyceride content
Cells (1 × 105 cell/mL) were incubated overnight in a 24-well plate and then treated
with different ratios of omega fatty acids for 24, 48 and 72 h. Following the treatments,
intracellular triglyceride content was determined by using EnzyChrom™ triglyceride
assay kit (BioAssay Systems, United States), as per manufacturer’s instructions.
Triglyceride content was normalised to protein content, as determined by using BioRad protein assay kit according to manufacturer’s instructions. Data were expressed
as mg triglyceride/mg protein.

Measurement of intracellular ROS levels
Cells (1 × 104 cells/ 200-µL DMEM) were incubated overnight in a 96-well plate. Then,
the cells were treated with different ratios of omega fatty acids for 30 min, 1 h, 2 h, 3 h,
6 h and 24 h. Following this, the cells were treated with 1 µmol 2′,7′dichlorofluorescein diacetate (Sigma-Aldrich, United Kingdom) (in PBS) and
incubated at 37 ºC for 45 min. Fluorescence intensity was measured at an excitation of
485 nm and an emission of 535 nm by using FLUOstar OPTIMA (Jencons-PLS, United
Kingdom). Fluorescence levels were expressed as percentage of the control.

Examination of mitochondrial respiratory function
The mitochondrial oxygen consumption rate (OCR) was evaluated using the XF Cell
Mito Stress Test Kit as per manufacturer’s instructions (Agilent Technologies, Craven
Arms, United Kingdom). Plates were analysed using the Seahorse XF24 (Agilent
Technologies, United Kingdom)., Essentially, cells (1.5 × 104 cells/100 µL DMEM)
were seeded in a SeaHorse 24-well culture microplate. After incubation for 2 h at 37
ºC and 5% CO2, 150 µL of DMEM (10% FCS) was added to the cells. The cells were reincubated overnight at 37 ºC and 5% CO2. The following day, cells were treated with
various AA:DHA ratios in 10% FCS DMEM and plates were incubated at 37 ºC and
5% CO2 for 24 h. The next day, Seahorse XF Assay Medium without glucose was
supplemented with sodium pyruvate (1 mmol) and glucose (25 mmol) and the pH
was adjusted to 7.4. Cells were washed twice with this Seahorse medium and
incubated at 37 ºC and 0% CO2 for 45 min. To monitor the OCR of the cells, SeaHorse
XF analyser was calibrated with the sensor cartridge containing Mito stress drugs
FCCP (1 µmol), an uncoupling agent; oligomycin (1 µmol) for ATP synthase inhibition
and an antimycin/Rotenone mixture (0.5 µmol) for inhibition of oxidative
phosphorylation and electron transfer, respectively. Following the measurement of
OCR, 1% Triton X-100 were used to lyse the cells and the protein content was
determined by using Bio-Rad protein assay kit. Seahorse cell Mito stress parameters
were calculated following manufacture’s protocol, normalized to protein content and
the data were expressed relative to control.

Western Blotting determination of protein expression
Cells were treated with different ratios of omega fatty acids for 24 h. Then, total
cellular protein was extracted using 1% Triton X-100 in PBS containing a protease
inhibitor cocktail tablet and the protein concentration was determined by using BioRad protein assay kit, as per manufacturer's instructions (Bio-Rad Laboratories,
United Kingdom). Protein (20-40 µg) was separated on 10% SDS-PAGE gels (Thermo
Scientific Pierce, United Kingdom) by electrophoresis for 90 min at 120 V and
transferred onto a nitrocellulose membrane (0.45 µm) for 1 h at 350 A. Membranes
were blocked with 1% BSA, except when confirming β-actin where 5% BSA was used.
The proteins examined were SCD1 (1:4000) (Abcam, United Kingdom), PPAR-α
(1:2000) (Abcam, United Kingdom), CB1, (1:4000) (Santa Cruz Biotechnology, United
Kingdom) CB2 (1:2000) (Abcam, United Kingdom), and β-actin (1:4000) (Abcam,
United Kingdom). West PICO Chemiluminescent Substrate (ThermoFisher, United
Kingdom) was used for detection and the X-ray films were scanned on a Bio-Rad GS800 Calibrated Densitometer (Bio-Rad, United Kingdom) [ 2 3 , 2 4 ] . During postdensitometry analysis, data were expressed relative to corresponding β-actin levels
and compared to the experimental control.

Statistical analysis
The statistical methods of this study were reviewed by Dr Claire Robertson, Senior
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Lecturer in Nutritional Epidemiology, University of Westminster.
As variances were equal between groups, a one-way ANOVA followed by post-hoc
analysis by Tukey's test was used to assess differences between omega fatty acid
ratios and control treated groups. Data analysis was conducted using SPSS version
23.0 Data were expressed as the mean ± SEM, n = 3-5, and where P ≤ 0.05 was
considered significant.

RESULTS
High omega-6:3 (AA:DHA) ratio induced lipotoxicity
After 24 h, high AA:DHA ratios reduced mitochondrial activity, when compared to
the untreated control [15:1 by 17% (P < 0.05) and 25:1 by 82% (P < 0.01)] (Figure 1A).
Furthermore, high AA:DHA ratio (15:1) induced reduction in activity when compared
to the moderate ratios of 1:1 (by 22%, P < 0.05) and 4:1 (by 20%, P < 0.01) (Figure 1A).
A similar pattern was induced by the high 25:1 ratio, which showed reduced activity
in comparison to 1:1 (by 83%, P < 0.05) and 4:1 (by 83%, P < 0.01) ratios (Figure 1A).
After 48 h, only the 25:1 ratio caused a significant reduction in activity compared to
the control, 1:1, and 4:1 by 51%, 54%, 56%, respectively (P < 0.01) (Figure 1B). At 72 h,
both the high ratios (15:1 and 25:1) reduced mitochondrial activity. The 15:1 ratio
markedly reduced mitochondrial activity in comparison to the control (by 91%, P <
0.01), 1:1 (by 92%, P < 0.01) and 4:1 (by 91, P < 0.01) ratios (Figure 1C). Similarly, the
25:1 ratio reduced mitochondrial activity in comparison to the control (by 90%, P <
0.01), 1:1 (by 91%, P < 0.01) and 4:1 (by 89%, P < 0.01) (Figure 1C).

High omega-6:3 (AA:DHA) ratio- increased lipid accumulation
Significant changes in cellular lipid were observed after 24 h. Interestingly, in
comparison to the untreated control, the 1:1 ratio reduced triglyceride accumulation
(by 43%, P = 0.01), whereas a high 25:1 ratio elevated intracellular triglyceride levels
(by 42%, P < 0.01) (Figure 2A). Importantly, in comparison to treatment with 1:1 ratio,
lipid concentration was elevated with 4:1 ratio (by 75%, P < 0.05), 15:1 ratio (by 53%, P
< 0.05), and with 25:1 ratio (by 41%, P < 0.01) (Figure 2A).
Similarly, after 48 h, treatments with 4:1, 15:1 and 25:1 ratios increased triglyceride
accumulation in comparison to the control (by 117%, P = 0.01; 177%, P < 0.05; and
91%, P < 0.05, respectively), and also when compared to treatment with 1:1 ratio (by
91%, P < 0.01; 143%, P < 0.01 and 68%, P < 0.05, respectively) (Figure 2B). No
significant alterations in triglyceride accumulation were observed after 72 h (Figure
2C).

High omega-6:3 (AA:DHA) ratio reduced PPAR-α and increased SCD1
Molecular mediators of lipid metabolism were examined. When compared to the
untreated control, SCD1 expression increased significantly following treatments with
15:1 and 25:1 ratios [by 22% and 33%, (P < 0.05), respectively] (Figure 3A).
Furthermore, treatment with 25:1 ratio increased its expression compared to the
moderate 1:1 ratio treatment (by 35%, P < 0.05) (Figure 3A).
PPAR-α expression significantly decreased with 15:1 ratio when compared with the
control and 1:1 treatments (by 29% and 35%; P < 0.05, respectively) (Figure 3B). This
trend of decreasing expression was more evident following treatment with the 25:1
ratio, when compared to control and 1:1 treatments (by 35%, P < 0.05 and 40%, P <
0.01, respectively) (Figure 3B). No changes in SREBP1-c expression was observed at all
ratios (Figure 3C).

High omega-6:3 (AA:DHA) ratio altered CB expression
Following treatment with 1:1 ratio, CB1 expression increased only subtly compared to
the control (by 17%, P < 0.05), but the increment was significantly greater at 25:1 ratio
(by 31%, P < 0.01) (Figure 3D). CB2 expression showed no significant alterations,
except with 15:1 ratio, which reduced CB2 expression compared to the control (P <
0.01) (Figure 3E), although the 25:1 ratio which showed a general increased expression
when compared to all ratios.

High omega-6:3 (AA:DHA) ratio increased ROS production
In comparison to the untreated control, ROS levels significantly increased with all
ratios after 30 min (1:1 and 15:1 by 74%, P < 0.05; 4:1 and 25:1 by 88% and 104%,
respectively, P < 0.01) (Figure 4A). No major differences were observed in ROS levels
between the moderate ratios (1:1 and 4:1) and high ratios (15:1 and 25:1).
Similarly, after 1 h, while ROS levels increased following treatments with 15:1 ratio
(by 117%; P < 0.01) and 25:1 ratio (by 96%; P < 0.01), treatments with 1:1 and 4:1 ratios
did not cause any significant change compared to the control (Figure 4B).
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Figure 1 Effect of arachidonic acid: docosahexaenoic acid ratios on mitochondrial activity. A-C: VL17-A cells were treated with different ratios of arachidonic
acid: docosahexaenoic acid and mitochondrial activity was assessed after 24 h (A), 48 h (B) and 72 h (C). aP < 0.05 and bP < 0.01 compared to control; cP < 0.05 and
d
P < 0.01 compared to 1:1 ratio; eP < 0.05 and fP < 0.01 compared to 4:1 ratio. Data is presented as mean ± SE (n = 3). AA: Arachidonic acid; DHA:
Docosahexaenoic acid.

Interestingly, treatment with high ratios (15:1 and 25:1) significantly elevated ROS
levels compared to the moderate ratios of 1:1 and 4:1. Specifically, when compared
with the 1:1 and 4:1 ratio, the 15:1 ratio increased ROS levels by 123% (P < 0.01) and
75% (P < 0.01) respectively, and 25:1 ratio increased ROS levels by 102% (P < 0.01) and
58% (P < 0.01), respectively (Figure 4B).
After 2 h, in comparison to 1:1 ratio, ROS levels decreased with the 4:1 ratio (by
17% P < 0.01) (Figure 4C). However, in comparison to the control and 4:1 ratio, ROS
levels were significantly elevated with the high 15:1 ratio (by 31%, P < 0.05 and 58% P
< 0.01, respectively). These were also high with the 25:1 treatment when compared
with the 4:1 treatment (by 30% P < 0.05) (Figure 4C). No effect was observed after 3 h,
6 h or 24 h for all ratios (data not shown for brevity).

High omega-6:3 (AA:DHA) ratio disrupted mitochondrial functions
Elevation in AA:DHA ratios caused a gradual and significant decrease in basal
respiration when compared to control [1:1 (by 20%, P < 0.05); 4:1 (by 25%, P < 0.01);
15:1 (by 38%, P < 0.01); and 25:1 (by 40%, P < 0.01)] (Figure 5A). Similar results were
observed when compared to treatment with 1:1 ratio, whereby basal respiration
significantly reduced with 15:1 and 25:1 ratios (by 19% and 21%, respectively, P <
0.05) (Figure 5A).
Maximal respiration decreased gradually with 1:1, 4:1, 15:1 and 25:1 ratios (by 35%,
44%, 54%, and 56% (P < 0.01), respectively) (Figure 5B). Spare respiratory capacity
showed a similar pattern of significant reductions (by 52%, 56%, 67%, and 68% (P <
0.01) over the increasing AA/DHA ratios (Figure 5C). ATP production significantly
reduced with elevation in AA:DHA 1:1, 4:1, 15:1, 25:1 ratios (by 25%, 33%, 44% and
41%, respectively, (P < 0.01)) (Figure 5D). Proton leak decreased significantly with
high omega ratio of 15:1 (by 41% P < 0.01) compared to control, and with 25:1 by 50%
and 31% (P < 0.01), when compared to control and 1:1 ratio, respectively (Figure 5E).

DISCUSSION
NAFLD is recognized as a growing global epidemic affecting 10%-35% of adult
population in the world[25], with highest prevalence in the Middle East and South
America[26]. In the US, it affects at least 18 % of the adult population and 90 % of obese
people with an overall prevalence of 35 %[26]. Moreover, a recent epidemiological
study demonstrated an exponential increase in NAFLD burden in the United States[27].
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Figure 2 Effect of arachidonic acid: docosahexaenoic acid ratios on intracellular triglyceride accumulation. A-C: VL17-A cells were treated with different
ratios of arachidonic acid: docosahexaenoic acid for 24 h (A), 48 h (B) and 72 h (C). Intracellular triglyceride levels were measured and normalised to cellular protein
content. aP < 0.05 and bP ≤ 0.01 compared to control; cP < 0.05 and dP ≤ 0.01 compared to 1:1 ratio. Data is presented as mean ± SE (n = 5). AA: Arachidonic acid;
DHA: Docosahexaenoic acid.

Predicted to “emerge as the leading cause of end-stage liver disease”[4], NAFLD calls
for a thorough understanding of the underlying mechanisms.
High dietary intake of omega-6 fatty acids (mainly in processed foods) and/or
lower intake of omega-3 fatty acids has been implicated in the development of fatty
liver[7,28,29]. In vivo and in vitro studies have demonstrated the significance of omega-3
fatty acids in regulating lipid accumulation, fatty acid oxidation and reversing
steatosis-induced mitochondrial dysfunction[30,31]. The significance of balanced omega6:3 ratio was more evident in recent trials where treatment of NAFLD patients with
omega-3 fatty acids such as eicosapentaenoic acid (EPA) or DHA reduced steatosis
and liver enzymes[32,33]. However, the underlying pathological mechanisms under high
omega-6: omega-3 states remain unclear. It is pivotal to understand these mechanisms
to identify biochemical pathways and molecular targets that may help in formulating
preventative and therapeutic interventions to halt, decelerate or reverse NAFLD
progression.
Accordingly, here, we investigated the effect of increasing ratios of omega-6 (AA):
omega-3 (DHA) fatty acids on various cellular parameters in VL-17A cells. We
compared the effects of high AA: DHA ratios with untreated control and with the
effects induced by healthy ratios of 1:1 and 4:1. The aim was to understand these
altered mechanisms that prevail during high omega-6: omega-3 states and relate these
to NAFLD pathogenesis.

High omega-6: omega-3 ratio (AA:DHA) caused lipotoxicity and promoted steatosis
High AA:DHA ratios significantly reduced mitochondrial activity and thus cell
viability (Figure 1). This indicates lipotoxicity due to high omega-6 (AA) content, as
its immediate metabolites are strongly proinflammatory[7]. The majority of studies
with fatty acid treatment using in vitro models of NAFLD are based on a single 12-48
h time point to enable lipid accumulation and its subsequent detection. Our data
showed a marked increase in triglyceride accumulation after 24 h and also at 48 h, in
comparison to the untreated control and healthy ratios (1:1 and 4:1) (Figure 2), which
is similar to other models of NAFLD where steatosis was reported in primary
hepatocytes after 16-24 h treatment with oleic acid[34], palmitic acid[35] or stearic acid[36].
However, after 72 h lipid concentration was normal. This suggests a biological
response to high AA:DHA ratios in the short-term. Repeating the treatment again or a
sustained period of omega fatty acids in the growth media, would provide further
support that the response is biological rather than an acute transient effect. Our
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Figure 3 Effect of arachidonic acid: docosahexaenoic acid ratios on mechanistic mediators of lipid metabolism. A-E: VL17-A cells were treated with different
ratios of arachidonic acid: docosahexaenoic acid for 24 h. Following this, the expression of several proteins that modulate lipid metabolism were examined, namely,
SCD1 (A), PPAR-α (B), SREBP1c (C), CB1 (D) and CB2 (E). aP ≤ 0.05 and bP ≤ 0.01 compared to control; cP < 0.05 and dP < 0.01 compared to 1:1 ratio; eP < 0.05
compared to 4:1 ratio. Data is presented as mean ± SE (n = 3-4). AA: Arachidonic acid; DHA: Docosahexaenoic acid.

findings are generally in line with previous studies where high-fat diet with various
AA:EPA and AA:DHA ratios (1:1, 5:1, 10:1 and 20:1) increased hepatic phospholipid
AA:eicosapentaenoic acid and AA:DHA in a dose dependent manner, mildly
influenced inflammatory signaling, as well as key lipogenic regulators[37], though
lowering the ratio did not prevent lipid accumulation[37]. Despite the latter study there
is substantial evidence that the omega 6:3 ratio is an important contributory factor in
NAFLD development. Recently NAFLD co-twin studies showed that the hepatic
omega 6:3 ratio is significantly greater when liver fat > 5% suggesting the impact of
diet independent of genetics plays a role in NAFLD occurrence[38]. In other models of
NASH where animals were fed a Western diet, omega 6 lipid concentrations were
increased in hepatic membranes, whereas omega 3 lipid concentrations were reduced;
inflammatory markers were also increased, and this effect was reversed when animals
were given DHA[39]. Whereas with other models of fatty liver, lowering the omega 6:3
ratio attenuated gut and liver injury suggesting that a normal ratio is important in
fatty liver reversal[40].
Under physiological conditions, free fatty acids fuel oxidative stress and produce
inﬂammatory cytokines that induce cell injury. Therefore, their esteriﬁcation and
deposition in the liver as triglycerides provide a protective mechanism to prevent
additional liver damage[2]. Thus, it is possible that the high AA:DHA-ratio-induced
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Figure 4 Effect of arachidonic acid: docosahexaenoic acid ratios on ROS production. A-C: VL17-A cells were treated with different ratios of arachidonic acid:
docosahexaenoic acid for 30 min (A), 1 h (B) and 2 h (C), and ROS levels were measured. aP < 0.05 and bP < 0.01 compared to control; dP < 0.01 compared to 1:1;
e
P < 0.05 and fP < 0.01 compared to 4:1 ratio. Data is presented as mean ± SE (n = 3). AA: Arachidonic acid; DHA: Docosahexaenoic acid.

elevated triglyceride concentration observed here (Figure 2) are a manifestation of a
counter-protective response against the high omega-6: omega-3 ratio. However, it is
also possible that this triglyceride accumulation may contribute to fatty liver
pathogenesis because excessively increased cellular triglycerides may dysregulate
lipid metabolism, promote steatosis and insulin resistance, elevate gluconeogenesis
and decrease glycogenesis[41].

High omega-6: omega-3 (AA:DHA) ratio altered mediators of lipid metabolism:
mechanistic evidence for contribution to NAFLD development
Following the confirmation of high AA:DHA-induced cellular triglyceride
accumulation (Figure 2), molecular mediators of lipid metabolism were examined.
High dietary fat can increase the synthesis of endocannabinoids, which upregulate the
activity of CB1 and CB2[42-44]. This activation has been implicated in the development
of NAFLD, partly via upregulation of lipogenic enzymes like SCD1 that promote fatty
acid synthesis, and downregulation of PPAR-α expression, which stimulates hepatic
oxidation of fatty acids[7]. Whether high AA:DHA ratio alters these mediators of lipid
metabolism remain unknown. Therefore, we studied the effect of high AA:DHA ratio
on the expression of SCD1 to understand its lipogenic capacity and PPARα to
examine its potential for fatty acid oxidation.
Here, high AA:DHA ratio increased SCD1 expression (Figure 3A), indicating
elevation in lipogenic capacity. This is consistent with a previous study where mice
fed a diet with high omega-6: omega-3 ratio demonstrated increased expression of
SCD1[45]. The increase in SCD1 expression could be due to direct binding of liver X
receptor (it’s activator) or due to activation of its transcription factor SREBP1c[30,46,47].
Conversely other studies have reported a decrease in lipid droplet levels combined
with a downregulation in SCD1 & SREBP levels following DHA treatment for 12 h in
primary hepatocytes[48], although here no significant alterations were observed in
SREPB1c expression (Figure 3C). Finally, high AA:DHA ratio reduced PPARα
expression (Figure 3B), which indicated reduced capacity of fatty acid oxidation
under these conditions. Elevation in SCD1 in combination with a reduction in PPARα
expression may partly explain the mechanisms underlying fatty liver development
under high omega-6:3 environment.
We also examined the expression of CB1 and CB2 under conditions of high omega6:3 ratio to evaluate its stimulatory potential for fatty acid synthesis. As hypothesized,
CB1 expression significantly increased following treatment with a high 25:1 ratio
(Figure 3D). Although CB1 activation via LXR is thought to upregulate SREBP1c[49],
our data suggested no direct correlation. This is similar to studies in HepG2 cells
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Figure 5 Effect of arachidonic acid: docosahexaenoic acid ratios on mitochondrial respiratory functions. VL17-A cells were treated with different ratios of
arachidonic acid: docosahexaenoic acid for 24 h and various parameters that determine the mitochondrial respiratory functions were examined. A: Elevation in
AA:DHA ratios caused a gradual and significant decrease in basal respiration when compared to control. Similar results were observed when compared to treatment
with 1:1 ratio, whereby basal respiration significantly reduced with 15:1 and 25:1 ratios; B: Maximal respiration decreased gradually with 1:1, 4:1, 15:1 and 25:1 ratios
(by 35%, 44%, 54%, and 56%, respectively); C: Spare respiratory capacity showed a similar pattern of significant reductions (by 52%, 56%, 67%, and 68% over the
increasing AA/DHA ratios; D: ATP production significantly reduced with elevation in AA:DHA 1:1, 4:1, 15:1, 25:1 ratios (by 25%, 33%, 44% and 41%, respectively); E:
Proton leak decreased significantly with high omega ratio of 15:1 compared to control, and with 25:1 by 50% and 31%, when compared to control and 1:1 ratio,
respectively. aP < 0.05 and bP < 0.01 compared to control; cP < 0.05 and dP < 0.01 compared to 1:1 ratio. Data is presented as mean ± SE (n = 4-5). AA: Arachidonic
acid; DHA: Docosahexaenoic acid.

where CB1 agonist did not significantly alter the expression of SREBP-1c [50] .
Furthermore, liver CB1 mRNA expression negatively correlated with hepatic PPARα
expression, but not SREBP1c in patients with NASH[51], which is similar to the pattern
observed in this study. Furthermore, inhibition of CB1 receptors has shown to
improve lipogenesis in vitro[52]. Since high omega-6:3 ratio promotes obesity via both,
AA-derived eicosanoid metabolites and over-activation of the cannabinoid system[10],
it is possible that cannabinoid-independent pathways may sufficiently operate for
high omega-6-induced fatty acid synthesis or other regulators may predominate. For
example, CB1 receptors could be regulated by SREBP-1c, ChREBP and LXRs [52] .
Overall, these findings suggest a role for CB1 activation under high omega 6:3 ratios
leading to enhanced steatosis.
Except for 25:1 ratio, CB2 receptors showed moderately reduced expression when
compared to control (Figure 3E), which was significantly lower following treatment
with 15:1 ratio (Figure 3E). While some studies suggest that CB2 activation promotes
NAFLD, other studies indicate a preventative role[42,53,54]. However, other studies have
also reported a strong downregulation of CB2 gene expression in human hepatocytes
following fatty acid treatment[50]. Further studies using agonists/antagonists of the
CB1 and 2 receptors are required to determine their exact role in NAFLD development.
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High AA:DHA ratio altered redox biology
Increased oxidative stress is one of the key characteristics of NAFLD, which promotes
tissue injury[55]. There is no data yet on the effect of high AA:DHA ratios on ROS
production. Here, we observed that ROS levels increased with all AA:DHA ratios
within 30 min and generally beyond this time when compared to the untreated
control (Figure 4). Moreover, high AA:DHA ratios elevated ROS levels in comparison
to the healthy ratios of 1:1 and 4:1 at 1 h and 2 h (Figure 4B, 4C), clearly indicating the
impact of high AA:DHA ratio on ROS production. After 3, 6 or 24 h no increase in
ROS production occurred, supporting the point that incubation time is an important
aspect in this model. This is similar to other models of NAFLD, where ROS
production was significantly increased after 30 min of palmitic acid treatment[56].
Alternatively, after 30 min incubation with DHA ROS levels were lower than steatotic
HepG2 cells[31]. However, other studies have shown an increase in ROS levels after a
single measurement at 24 h of palmitic acid treatment[57,58]. This highlights the variance
in time dependent ROS effects depending on the model used, although the net effect
is increased oxidative stress.
The high ROS effect could be attributed to the high AA content in the AA:DHA
ratio, which acts as a strong inhibitor of complexes I and III in the respiratory chain[59].
This would hinder electron flow through the respiratory chain causing electron
leakage from these complexes and reduce mitochondrial membrane potential, thereby
promoting ROS production[60]. However, other sources of ROS could be via CYP2E1
metabolism of AA[61]. Interestingly the high 15:1 ratio maintained the high levels of
ROS after 1 h and 2 h, whereas the lower ratios of 1:1 and 4:1 either restored ROS
levels to that of control or decreased ROS production (Figure 4B, 4C). This restoration
could be due to fatty acid oxidation and the capability of the respiratory chain to
handle the excess electrons released when the ratio was in the recommend healthy
range.

High AA:DHA ratio disrupted mitochondrial functions
Disturbed mitochondrial function has been implicated in the pathogenesis of
NAFLD[55]. A 30%-40% decrease in the respiratory rate along with mitochondrial
uncoupling has been reported in obese patients with NASH [62] . Therefore, we
investigated the impact of high AA:DHA ratio on several mitochondrial functions. We
observed that high AA:DHA ratios (15:1 and 25:1) decreased basal and maximal
respiration, spare respiratory capacity, proton leak and ATP production (Figure 5).
The mechanisms responsible for this could relate to destabilization of cytochrome C
affecting electron flow and ultimately ATP synthesis [63] , the direct uncoupling
protonophoric ability of fatty acids which impairs ATP synthesis[63] or the opening of
the mitochondrial permeability transition pores causing mitochondrial membrane
potential loss leading to mitochondrial swelling and cell death[64]. These findings are
similar to animal studies with fatty liver, where a reduction in the respiratory rate,
increased oxidative stress, and reduction in complex I activity was observed[65-67].
Further work is required to elucidate the exact damaging effect of omega 6 fatty
acids, however, it is important to state that not all omega 6 fatty acids are
harmful/proinflammatory or omega 3 fatty acids are protective, and thus it is
important not to generalize fatty acids, but to focus on specific fatty acids.

Limitations of the study
In terms of study limitations, there are a number of caveats. Firstly, measurement of
hepatic phospholipid AA: eicosapentaenoic acid and AA:DHA, the SCD activity
which measures the conversion of fatty acids to lipids, and mRNA levels of fatty acid
synthase and acetyl-CoA carboxylase would confirm the lipid changes following high
omega 6:3 ratio supplementation in HepG2 cells. As we only observed ROS induced
injury over a short period of time, other markers of oxidative stress such as lipid
peroxides and protein carbonyls, combined with markers of endoplasmic reticulum
stress, such as c-Jun N-terminal kinase, and measurement of AA metabolites such as
leukotrienes would provide further weighting behind the observations. The precise
role of CB1 and CB2 receptor activation requires further elucidation; application of
receptor agonists/antagonists would provide insight into lipogenesis under high
omega ratios. Finally, it will be important to examine the effect of adding DHA
directly to the cells after omega treatment to ascertain whether lipid accumulation can
be reversed. Nutritional interventions that focus on particular omega 3 fatty acids is of
interest due to the growing body of evidence showing reversal of NAFLD upon
treatment with omega fatty acids.
In conclusion, this is the first study using high to normal omega 6:3 ratios in VL17A
(HepG2 cells). These cells overexpress CYP2E1 which can metabolize AA, thus they
resemble metabolic changes occurring in hepatocytes. In addition, the majority of in
vitro NAFLD models of fatty acid treatment are based on a single 12-48 h time point to
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enable lipid accumulation and its subsequent detection. As far as we are aware no
studies have reported a time course effect of omega fatty acids from 24 to 72 h in
HepG2 cells studying lipid accumulation or ROS production, combined with
lipogenic markers.
In summary, high omega 6:3 ratios of AA:DHA stimulated lipid synthesis by
reducing fatty acid oxidation (decrease in PPAR alpha expression), increased CB1
expression, and also promoting the conversion of unsaturated fatty acids to saturated
fatty acids via SCD1 with the net effect of lipid accumulation in human hepatoma
(VL17A) cells. High ratios also led to increased oxidative stress, which is an important
feature in the inflammatory state. Lipids synthesised in the liver are thus susceptible
to oxidative attack by ROS. The loss of mitochondrial function possibly due to ROS or
direct uncoupling effect of AA also promotes cell death, thus compounding the
inflammatory effects. These results suggest that high omega 6:3 ratios can possibly
lead to key steps in the progression from fatty liver to NASH.

ARTICLE HIGHLIGHTS
Research background
Fatty liver disease is due to the consumption of excess dietary calories as well as a disruption in
lipid metabolism and leads to the condition non-alcoholic fatty liver disease (NAFLD). The
prevalence of NAFLD in most Western societies ranges from 20%-50%. Whilst the mechanisms
for NAFLD development are complex, NAFLD patients show higher levels of omega-6 fatty
acids than omega 3 fatty acids. Omega 6 fatty acids are known to be damaging to the liver
causing toxicity, but their precise role in the pathology of NAFLD is not understood. This was an
important question since NAFLD is a major public health problem and alternative interventions
are required.

Research motivation
The main treatment options for NAFLD are dietary and lifestyle changes. We therefore
addressed the question of how diet increases the risk of NAFLD, specifically the role of omega 6
fatty acids in relation to omega 3 fatty acids. Since this is a modifiable risk factor it is important
to understand how high levels of omega 6 fatty acids can damage the liver and whether omega 3
fatty acids can minimise/reduce this damage. This will lead to improved understanding of
NAFLD development and new therapeutic treatment options.

Research objectives
This research study aimed to understand the role of high omega 6:omega 3 ratios in a hepatic cell
line model of NAFLD, thus allowing its contribution to lipotoxicity, oxidative stress and
mitochondrial function to be investigated. These findings may help explain the progression from
fatty liver to the inflammatory state, non-alcoholic steatohepatitis.

Research methods
Human hepatoma cells, named VL-17A were treated with a range of high and normal ratios of
omega-6: omega-3 fatty acids [arachidonic acid (AA): docosahexaenoic acid (DHA)]. These novel
experiments examined the effect of these ratios on mitochondrial function, oxidative stress and
viability. Changes in lipid accumulation combined with the expression of relevant lipogenic
proteins was also assessed.

Research results
High omega-6:omega-3 (AA:DHA) ratio altered several processes in VL-17A cells. It reduced
mitochondrial activity indicating lipotoxicity, increased triglyceride accumulation, elevated
reactive oxygen species levels and interrupted several mitochondrial functions. Moreover, our
study provided mechanistic data as to which of these detrimental effects may be mediated under
high omega-6: omega-3 conditions and contribute to NAFLD development. Specifically, these
include increased expression of stearoyl-CoA desaturase and decreased expression of
peroxisome proliferator-activated receptor alpha. Also, elevation in cannabinoid receptor CB1
expression was observed that has been positively associated with fatty liver development. The
present study clearly demonstrates the potential long-term consequences of high omega-6:3
ratios in NAFLD development.

Research conclusions
The conclusions from this study strongly suggest that high omega 6:omega 3 ratios are
detrimental to liver function, promoting an oxidant environment combined with higher amounts
of lipid accumulation. These features are the hallmark of NAFLD indicating that altered omega
6:3 fatty acid ratios play an important role in NAFLD development and progression. Therefore,
the original hypothesis was confirmed which can form the basis for further mechanistic studies
examining other omega 6 fatty acids in NAFLD pathogenesis. The study also supports various
studies where clinical interventions using omega 3 fatty acids have been utilised for NAFLD
treatment.

Research perspectives
Whilst further work is required, when investigating patients with NAFLD, measurement of
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circulating omega fatty acids should be considered. This may lead to the possibility of treating
patients with omega 3 fatty acids. Other interventions that ameliorate oxidative stress and which
improve mitochondrial function also require future research as this may lead to the reversal of
NAFLD.
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Abstract
BACKGROUND
The albumin-bilirubin (ALBI) score was validated as a prognostic indicator in
patients with liver disease and hepatocellular carcinoma. Incorporating platelet
count in the platelet-albumin-bilirubin (PALBI) score improved validity in
predicting outcome of patients undergoing resection and ablation.
AIM
To evaluate the PALBI score in predicting outcome of acute variceal bleeding in
patients with cirrhosis.
METHODS
The data of 1517 patients with cirrhosis presenting with variceal bleeding were
analyzed. Child Turcotte Pugh (CTP) class, Model of End-stage Liver Disease
(MELD), ALBI and PALBI scores were calculated on admission, and were
correlated to the outcome of variceal bleeding. Areas under the receivingoperator characteristic curve (AUROC) were calculated for survival and
rebleeding.
RESULTS
Mean age was 52.6 years; 1176 were male (77.5%), 69 CTP-A (4.5%), 434 CTP-B
(29.2%), 1014 CTP-C (66.8%); 306 PALBI-1 (20.2%), 285 PALBI-2 (18.8%), and 926
PALBI-3 (61.1%). Three hundred and thirty-two patients died during
hospitalization (21.9%). Bleeding-related mortality occurred in 11% of CTP-B,
28% of CTP-C, in 21.8% of PALBI-2 and 34.4% of PALBI-3 patients. The AUROC
for predicting survival of acute variceal bleeding was 0.668, 0.689, 0.803 and 0.871
for CTP, MELD, ALBI and PALBI scores, respectively. For predicting rebleeding
the AUROC was 0.681, 0.74, 0.766 and 0.794 for CTP, MELD, ALBI and PALBI
scores, respectively.
CONCLUSION
PALBI score on admission is a good prognostic indicator for patients with acute
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INTRODUCTION
Acute variceal bleeding is a frequent, ominous complication of liver cirrhosis and
portal hypertension and is responsible for high morbidity and mortality[1].
The Child-Turcotte-Pugh (CTP) and Model of End-stage Liver Disease (MELD)
scores are two of the most important models for predicting the survival of upper
gastrointestinal bleeding. The CTP score was originally developed to be a prognostic
score in patients with cirrhosis and portal hypertension undergoing surgery for
variceal bleeding[2]. The limitations of the CTP score in assessing liver functions in
patients with upper gastro-intestinal tract (GIT) bleeding are the subjective
assessment of encephalopathy and amount of ascites, together with the interrelated
variables such as ascites and serum albumin, besides the parameters that are scored
based on arbitrarily defined cutoff points[3,4].
The MELD score was initially developed to determine prognosis following a trans
jugular intra-hepatic porto-systemic shunt procedure, and is widely used in liver
transplant settings to prioritize donor liver allocation[5,6]. Johnson et al[7] developed the
albumin-bilirubin (ALBI) score, which depends on two laboratory variables; bilirubin
and albumin, omits the subjective CTP variables ascites and hepatic encephalopathy,
and results are expressed as three grades with three different cutoff points[7]. Roayaie
et al [8] proposed modifying the ALBI score by including the platelet count as an
indicator of portal hypertension.
In this study, we aimed to determine the value of the platelet-albumin-bilirubin
(PALBI) score in predicting the outcome of patients with cirrhosis presenting with
acute variceal bleeding.

MATERIALS AND METHODS
This retrospective study included 1517 patients with cirrhosis presenting with acute
variceal bleeding who were admitted to the National Liver Institute Hospital. The
study was approved by the institutional review board (IRB number IRB00003413).

Inclusion criteria
This study included patients with acute variceal bleeding. Acute upper
gastrointestinal bleeding was considered in patients with liver cirrhosis presenting
with hematemesis, defined as either one or more than one episode of vomiting either
fresh blood or a coffee ground-like material, or reported or observed melena, with a
drop in hemoglobin, and blood in the nasogastric tube.
All patients were managed in the emergency unit and subjected to the following:
(1) Resuscitation to maintain hemodynamic stability (systolic blood pressure above
80-90 mmHg); (2) Blood transfusion using type and cross-matched packed red cells
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and plasma as required to increase hematocrit to 25%-30% or hemoglobin to above 9
g/dL; (3) Vaso-active drugs as required and according to requirement (octreotide or
terlipressin); and (4) Antibiotic prophylaxis was given in the form of I.V. cefotaxime 1
g/12 h for up to 5 d, unless acute infection, especially spontaneous bacterial
peritonitis, was diagnosed, which was treated accordingly.
Urgent endoscopy was performed within the first six hours. The diagnosis of
variceal hemorrhage was considered when active bleeding from an esophageal or
gastric varix was observed or when a sign of recent bleeding, such as a “white
nipple”, was observed. Variceal hemorrhage was inferred when varices were the only
pathology found, with blood present in the stomach. Patients with other causes of
acute upper gastrointestinal bleeding were not considered for this analysis.
Esophageal varices were managed by band ligation or injection sclerotherapy if
banding was not feasible. Bleeding from gastric varices was managed by injection of
tissue adhesive (histoacryl) injection.
Variceal bleeding was considered to have been controlled if the following criteria
were met: Stable blood pressure (no reduction in systolic pressure exceeding 20
mmHg, once the blood pressure had stabilized); a stable hemoglobin concentration (>
9 g/dL), measured twice daily; and a hematocrit above 30% (measured hourly during
the first 12 h and every 2 to 6 h thereafter, depending on the patient’s hemodynamic
status), with a transfusion requirement of no more than two units in a 2-h period and
fewer than four units within the first 4 h after endoscopic therapy.
Patients were followed for 5 d after the control of acute bleeding for occurrence of
rebleeding. Rebleeding was defined as the occurrence of new hematemesis or melena
after a period of 24 h or more from the 24-h point of stable vital signs and
hematocrit/hemoglobin following an episode of acute bleeding[9]. In patients with
significant rebleeding, defined as frank hematemesis, new onset of melena, fresh
blood in nasogastric tube aspirate, or hemodynamic compromise, with a decrease in
hemoglobin level of > 2 g/dL, re-endoscopy was performed.
The CTP class, MELD, ALBI, MELD-Acute variceal bleeding (MELD-AVB) and
PALBI scores were calculated from admission labs, and were correlated with control
of bleeding, rebleeding, and in-hospital mortality. (1) The CTP score was calculated
numerically as previously described including bilirubin, albumin, international
normalized ratio (INR), and presence and grade of ascites and encephalopathy. CTP
class was A if the score was 5-6, B if the score was 7-9, and C if the score was 10 or
higher[2]; (2) The MELD score was calculated as: 0.957 × loge (creatinine mg/dL) +
0.378 × log (bilirubin mg/dL) + 1.1 20 × loge (INR) + 0.643[5]; (3) The ALBI score was
calculated as: = (log10 bilirubin × 0.66) + (albumin × -0.085) where bilirubin is in
μmol/L and albumin in g/L. ALBI was categorized into three grades: ALBI-1 (≤
−2.60), ALBI-2 (> 2.60 to −1.39), ALBI-3 (> −1.39)[6]; (4) MELD-AVB was adapted from
the basic MELD score through this equation logit, -5.312 + 0.207 * MELD;
bootstrapped R 2 , 0.3295; and (5) PALBI score was calculated as: (2.02 × Log10
bilirubin) + [-0.37 × (Log10 bilirubin)2] + (-0.04 × albumin) + (-3.48 × Log10 platelets)
+ [1.01 (Log10 platelets)2] where bilirubin is in μmol/L and albumin in g/L, and
platelet count in 1000/μL. PALBI was categorized as: PALBI 1 (score ≤ 2.53), PALBI 2
(score > 2.53 and ≤ 2.09), and PALBI 3 (score > 2.09)[7].
The areas under the receiving-operator characteristic curve (AUROC) were
calculated for survival and rebleeding.

Statistical analysis
Data were collected and entered into the computer using SPSS program version 23 for
statistical analysis (IBM Corp., Armonk, NY, United States). Continuous data were
expressed as the mean ± SD and the median with minimum and maximum.
Categorical data were expressed as the frequency (percentage). A comparison
between the chosen variables and control of bleeding, rebleeding, and mortality was
performed. Univariate analysis included the Fisher's exact test or Chi-square test for
categorical variables and the analysis of variance for continuous variables.
Multivariate logistic regression using the stepwise selection method was performed
starting from the variables with P < 0.01 in the univariate analysis. ROC curve
analyses were performed to determine the value of CTP class, MELD, ALBI, MELDAVB and PALBI scores in predicting the in-hospital mortality and the control of
bleeding. AUROCs with 95% confidence intervals were calculated and compared.
Also, the AUROCs were tested for significance using DeLong test. The sensitivity,
specificity, positive likelihood ratio, negative likelihood ratio, positive predictive
value, and negative predictive value with 95% confidence intervals were reported at
the best cutoff value. P < 0.05 was considered statistically significant.
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RESULTS
This analysis contains the data of 1517 patients who presented with acute variceal
bleeding. There were 1176 males (77.5%), and mean patient age was 52.6 ± 10.3 years.
Three hundred and thirty-two (21.9%) patients died during hospitalization, and 364
(23.9%) developed hepatic encephalopathy during admission.
All patients received resuscitation, blood as needed, antibiotics, and vasoactive
drugs. Endoscopy was performed as soon as feasible, and the mean time between
admission and endoscopy was 5.6 ± 1.9 h (median 4 h) (Table 1). The mean number of
blood units transfused was 2.8 ± 1.1 units, and the mean duration of hospitalization
was 5 d. The baseline characteristics of the patients on admission are shown in Table
1.
Endoscopy revealed that 1283 patients (84.57%) had esophageal varices as the
source of bleeding. Seven hundred and eighty-five patients (51.74%) had band
ligation alone; 301 patients (19.84%) had sclerotherapy as a single treatment modality,
while 197 (12.9%) had combined treatment modalities. Gastric varices were present in
366 patients, and were the only source of bleeding in 165. Histoacryl injection was
conducted in 271 patients, in 165 as the only therapeutic intervention and with band
ligation of esophageal varices in 106. Sixty-nine patients (4.54%) received conservative
medical treatment (Table 2).
Sixty-nine patients were CTP class A (4.5%), 434 were CTP class B (29.2 %) and 1014
were CTP class C (66.8%). 692 (46%) had ascites and 364 (24%) presented with hepatic
encephalopathy. Twenty-six patients were ALBI grade 1 (1.6%); 669 were ALBI grade
2 (44.1%), and 822 were ALBI grade 3 (54.1%). Using the PALBI score to classify
patients, 306 patients were PALBI grade 1 (20.2%), 285 patients were PALBI grade 2
(18.8%), and 926 patients were PALBI grade 3 (61%). Table 3 shows the patient
classification using the different scores.
The incidence of early rebleeding (within 1 wk) was 3.12% and the incidence of
recurrent bleeding (after 1 wk) was 8.9%. The predictors of rebleeding are shown in
Table 4.
In-hospital mortality among CTP classes A, B and C were 0%, 11% and 28%, among
ALBI grades 1, 2 and 3 were 0%, 7.2% and 34.5%, and among PALBI grade 1, 2, and 3
were 0%, 21.8% and 34.4%, respectively (Table 3).
Table 5 shows the predictors of mortality, where PALBI grade showed the highest
odds ratio.
The AUROC for predicting survival following acute variceal bleeding was 0.668,
0.689, 0.803, 0.849 and 0.871 for CTP, MELD, ALBI, MELD-AVB and PALBI scores,
respectively (Figure 1). PALBI score showed a significantly higher performance than
MELD, ALBI and CTP (Table 6). For predicting rebleeding, the AUROC was 0.681,
0.74, 0.766, 0.769 and 0.794 for CTP, MELD, ALBI, MELD-AVB and PALBI scores,
respectively (Figure 2). The performance of PALBI was significantly higher than that
of MELD-AVB, MELD, ALBI and CTP (Table 6).

DISCUSSION
The present study found a mortality rate of 21.9% due to variceal bleeding.
Randomized, controlled trials have shown that mortality due to variceal bleeding in
cirrhosis has decreased over the past 3 decades from about 50% to 20%-30%, but this
figure is still remarkably high. Hence, stratifying the risk for mortality is
paramount[10]. The best method to stratify risk is not clear. In this study we report the
important predictive value of the PALBI score.
The PALBI score, proposed by Roayaie et al[8] was initially used for the assessment
of patients with HCC undergoing resection or ablation. It was later validated in
several studies in predicting the outcome of interventions for the management of
HCC[11,12]. This report, however, evaluates the predictive power of the PALBI score in a
large cohort of patients with cirrhosis presenting with acute variceal bleeding, in
comparison to ALBI, MELD and CTP scores. In the overall analysis, PALBI score
performed significantly better than ALBI, MELD score and CTP classification.
The performance of CTP and MELD scores in predicting survival of patients with
upper gastrointestinal bleeding is comparable[13,14]. The better performance of ALBI in
the current study was most probably due to omitting the subjective factors (ascites
and encephalopathy) in the CTP score. The MELD score also includes creatinine that
may be affected temporarily during gastrointestinal tract bleeding. Additionally, the
INR results, as noted by Lisman et al[15] showed great variation among seven different
European laboratories and Trotter et al[16] also confirmed such a variation in INR levels
among 14 different laboratories in the United States. However, the adapted version
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Table 1 Characteristics of all studied participants
Variable

Number/mean (%)

Median

SD

Age (yr)

52.6

52

10.3

Male:Female

1176 (77.5):341 (22.5)

-

-

In-hospital mortality

332 (21.9)

-

-

Serum albumin (g/dL)

2.4

2.4

0.6

Serum total bilirubin (μmol/L)

64.98

30.78

99.18

Serum creatinine (mg/dL)

1.3

1

0.97

International normalized ratio (INR)

1.7

1.6

0.53

Hemoglobin level (g/dL)

9.5

9.4

2.35

Hematocrit

28.8

29

6.25

Platelet count (× 103/mm3)

116

104

56

Blood units transfused

2.8

2

1.1

Time to first endoscopy (h)

5.6

4

1.9

Duration of admission (d)

5

4

3.3

MELD score

15.2

14.8

3.2

SD: Standard deviation; MELD: Model of End-stage Liver Disease.

for variceal bleeding showed significantly better performance compared with the
basic version.
The performance of PALBI, an updated version of ALBI, in predicting mortality
was significantly better than the ALBI score possibly because the PALBI score
includes platelet count which reflects the effect of portal hypertension; the main cause
of acute variceal bleeding. In other scenarios as testing the prognostic performance
after radiofrequency ablation, ALBI has been proved to be superior to PALBI[17]. Thus,
it appears that ALBI has a better prognostic power in patients with minimal liver
dysfunction, whereas PALBI appears to be of more value in stratifying risk for portal
hypertension.
The present study is the first to evaluate the performance of the PALBI score in
predicting in-hospital mortality after variceal bleeding. The performance of the ALBI
score in predicting the in-hospital mortality of acute upper gastrointestinal bleeding
was previously tested by Zou et al[18]. Their estimated AUROC result for the ALBI
score was in agreement with the current study. However, they found the performance
of ALBI comparable to the CTP and MELD scores. However, it is worth noting that in
their study the cohort was much smaller than the present cohort (631 vs 1517) and
unlike the current study not all patients underwent endoscopy and hence the source
of bleeding was not restricted to variceal bleeding.
The incidence of early rebleeding during hospitalization (within 1 wk) among our
patients was 3.12%. Several studies reported overall rebleeding rates of 2.56%, 3.2%,
6.1%, 3.9% [19-23] . PALBI was significantly better than MELD, CTP and ALBI in
predicting rebleeding. If the PALBI score could replace the CTP score and MELD, it
would be easier and quicker to identify candidates for an early transjugular intrahepatic porto-systemic shunt procedure. Furthermore, the use of PALBI score allows
for better survival stratification within a CTP class. PALBI is a purely objective score
incorporating both liver function and portal hypertension and is not subject to the
inconsistencies of CTP resulting from the inclusion of ascites and encephalopathy.
Despite the limitation of being a retrospective single-center study, the large number
of patients with all patients undergoing endoscopy and bleeding confirmed to be
from varices, provides further validity to our findings.
In conclusion, the PALBI score is a simple, objective score that may be a good
option for predicting in-hospital rebleeding and mortality in patients with acute
variceal bleeding. We recommend future prospective studies to further validate the
PALBI score and its value in predicting long-term prognosis.
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Table 2 Treatment modalities
Treatment modality

n (%)

Band ligation

785 (51.8)

Sclerotherapy

301 (19.9)

Fundal varix (histoacryl injection alone)

165 (10.8)

Combined treatment

197 (13)

Conservative treatment

69 (4.5)

Table 3 Patients distribution according to Child Turcotte Pugh, Albumin-bilirubin, Model of End-stage Liver Disease and Plateletalbumin-bilirubin scores
Class

No. of patients (%)

Bleeding mortality (%)

CTP A

69 (4.5)

0

CTP B

434 (29.2)

11

CTP C

1014 (66.8)

28

MELD < 12

186 (12)

0

MELD 12-20

353 (23.5)

16.3

MELD > 20

978 (64.5)

31.9

ALBI grade 1

26 (1.7)

0

ALBI grade 2

669 (44.1)

7.2

ALBI grade 3

822(54.1)

34.5

MELD-AVB < 11

159 (10.5)

0

MELD-AVB 11-19

370 (24.4)

14.3

MELD-AVB > 19

988 (65.1)

36.3

PALBI grade 1

306 (20.2)

0

PALBI grade 2

285(18.8)

21.8

PALBI grade 3

926 (61)

34.4

PALBI: Platelet-albumin-bilirubin score; ALBI: Albumin-bilirubin; MELD: Model of End-stage Liver Disease; CTP: Child Turcotte Pugh; MELD-AVB:
MELD-acute variceal bleeding.

Table 4 Predictors of rebleeding
Parameter

OR

95%CI

P value

PALBI

3.987

1.994-7.775

< 0.001

Conservative therapy

2.473

1.237-4.822

< 0.001

Previous beta blockers

0.387

0.194-0.755

< 0.001

ALBI

3.214

1.607-6.267

< 0.01

Time to endoscopy

1.572

1.086-3.065

< 0.01

Ascites

2.319

1.160-4.522

< 0.05

Spleen size

1.961

1.181-3.824

< 0.05

Diabetes

1.631

1.116-3.180

< 0.05

Platelet count

0.445

0.223-0.868

< 0.05

INR

1.618

1.109-3.155

< 0.05

Bilirubin

1.981

1.291-3.863

< 0.05

Albumin

0.613

0.457-0.897

< 0.05

ALBI: Albumin-bilirubin; PALBI: Platelet-albumin-bilirubin score; INR: International normalized ratio.
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Table 5 Multivariate analysis: Predictors of in-hospital mortality
Parameter

OR

95%CI

P value

PALBI

4.187

2.093-8.164

< 0.001

MELD-AVB

3.842

2.983-7.431

< 0.01

ALBI

3.153

1.576-6.148

< 0.001

MELD

2.981

1.490-5.812

< 0.001

CTP

2.144

1.072-4.180

< 0.01

Bilirubin

1.981

1.015-3.862

< 0.01

Albumin

0.269

0.134-0.524

< 0.01

Age

1.718

1.034-3.350

< 0.05

Ascites

1.547

1.173-3.016

< 0.05

Encephalopathy

1.869

1.124-3.644

< 0.05

Hematocrit

0.191

0.095-0.372

< 0.05

Platelet count

0.543

0.321-0.853

< 0.05

INR

1.923

1.061-3.749

< 0.05

Creatinine

1.561

1.180-3.043

< 0.05

PALBI: Platelet-albumin-bilirubin score; ALBI: Albumin-bilirubin; MELD: Model of End-stage Liver Disease; CTP: Child Turcotte Pugh; MELD-AVB:
MELD-acute variceal bleeding; INR: International normalized ratio.

Table 6 Area under the receiver operating characteristic curve values of different scores to predict the outcome of acute variceal
bleeding and the incidence of rebleeding
Predicting outcome of acute variceal bleeding
Score

CTP

MELD

ALBI

MELD-AVB

PALBI

AUROC

0.668

0.689

0.803

0.849

0.871

P value1

< 0.01

< 0.01

< 0.01

0.043

-

Score

CTP

MELD

ALBI

MELD-AVB

PALBI

AUROC

0.681

0.74

0.766

0.769

0.794

P value1

< 0.01

< 0.05

0.052

0.032

-

Predicting rebleeding

1

P values are tested with Delong test between each consecutive test. PALBI: Platelet-albumin-bilirubin score; ALBI: Albumin-bilirubin; MELD: Model of
End-stage Liver Disease; CTP: Child Turcotte Pugh; MELD-AVB: MELD-acute variceal bleeding; INR: International normalized ratio.

Figure 1

Figure 1 The AUROCs of the platelet-albumin-bilirubin score, albumin-bilirubin, Model of End-stage Liver Disease, Child Turcotte Pugh and Model of Endstage Liver Disease-acute variceal bleeding scores for predicting outcome of acute variceal bleeding. PALBI: Platelet-albumin-bilirubin score; ALBI: Albuminbilirubin; MELD: Model of End-stage Liver Disease; CTP: Child Turcotte Pugh; MELD-AVB: MELD-acute variceal bleeding.
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Figure 2

Figure 2 The AUROCs of the platelet-albumin-bilirubin score, albumin-bilirubin, Model of End-stage Liver Disease, Child Turcotte Pugh and Model of Endstage Liver Disease-acute variceal bleeding scores for predicting rebleeding. PALBI: Platelet-albumin-bilirubin score; ALBI: Albumin-bilirubin; MELD: Model of
End-stage Liver Disease; CTP: Child Turcotte Pugh; MELD-AVB: MELD-acute variceal bleeding.

ARTICLE HIGHLIGHTS
Research background
In 1964, the CTP score was proposed to assess patients with portal hypertension related to
gastrointestinal tract bleeding and was used later to assess patients with cirrhosis in general.
Many doubts have been raised recently regarding the performance of the CTP score as a
subjective scoring system with abrupt points and overlapping parameters. Recently, new scoring
systems such as the ALBI and PALBI scores were proposed which use linear predictive
equations to overcome the disadvantages of the CTP score.

Research motivation
To identify a reliable prognostic score to predict the short-term outcome of patients with acute
variceal bleeding.

Research objectives
Scoring systems with more specific parameters and using linear predictive equations showed
better performance than subjective point-based scoring systems.

Research methods
We retrospectively analyzed the data of a large number of patients with acute variceal bleeding
and their short-term outcome.

Research results
The PALBI score is a simple, objective score that is considered a good option for predicting inhospital rebleeding and mortality in patients with acute variceal bleeding in comparison to other
scoring systems. However, we still recommend performing a prospective study to better analyze
the performance of these scoring systems.

Research conclusions
The PALBI score could be used to predict the short-term outcome and the incidence of
rebleeding in patients with acute variceal bleeding.

Research perspectives
Performing a prospective large-scale multicenter study to test the performance of these scores in
different management settings.
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Abstract
BACKGROUND
Sickle cell hepatopathy (SCH) is an inclusive term referring to any liver
dysfunction among patients with sickle cell disease. Acute sickle cell intrahepatic
cholestasis is one of the rarest and most fatal presentations of SCH. We present
the 23rd reported case of liver transplantation (LT) for SCH; a rare case of acute
sickle cell intrahepatic cholestasis managed with LT from a hepatitis C virus
(HCV) nucleic acid amplification test positive donor.
CASE SUMMARY
A 29-year-old male with a past medical history of sickle cell disease presented
with vaso-occlusive pain crisis. On examination, he had jaundice and a soft, nontender abdomen. Initially he was alert and fully oriented; within 24 h he
developed new-onset confusion. Laboratory evaluation was notable for
hyperbilirubinemia, leukocytosis, anemia, thrombocytopenia, acute kidney injury
and elevated international normalized ratio (INR). Imaging by ultrasound and
computed tomography scan suggested a cirrhotic liver morphology with no
evidence of biliary ductal dilatation. The patient was diagnosed with acute sickle
cell intrahepatic cholestasis after excluding competing etiologies of acute liver
injury. He underwent LT from an HCV nucleic acid amplification test positive
donor 9 d after initial presentation. The liver explant was notable for widespread
sinusoidal dilatation with innumerable clusters of sickled red blood cells and
cholestasis. On postoperative day 3, HCV RNA was detectable in the patient's
peripheral blood and anti-HCV therapy with glecaprevir/pibrentasvir was
initiated on postoperative day 23. He subsequently achieved sustained virologic
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response after completing 3 mo of therapy and has been followed clinically for 12
mo post-transplant.
CONCLUSION
This case highlights the utility of LT as a viable treatment option for acute sickle
cell intrahepatic cholestasis.
Key words: Case report; Sickle cell hepatopathy; Acute intrahepatic cholestasis; Liver
transplant; Hepatitis C virus; Post-operative surveillance
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Core tip: Acute sickle cell intrahepatic cholestasis is a rare and life-threatening form of
sickle cell hepatopathy, with a mortality rate approaching 40%. Patients typically present
with fever, abdominal pain and jaundice. Rarely, it may progress to an acute liver failure
phenotype, commonly associated with multi-system organ failure. Diagnosis is made
after excluding other causes of acute liver injury. Treatment options include exchange
blood transfusion and liver transplantation.
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INTRODUCTION
Sickle cell disease (SCD) is the most common inherited blood disorder affecting up to
100000 Americans. It is an autosomal recessive disorder caused by a point mutation in
the beta chain of chromosome 11 with a substitution of glutamic acid to valine. This
substitution with a hydrophobic amino acid allows hemoglobin S (HbS) to polymerize
on deoxygenation, forming rod-like polymers and resulting in poorly deformable
sickled cells. Decreased red blood cell (RBC) pliability precipitates hemolysis and
increases RBC membrane adhesiveness with the endothelium, which predisposes to
vaso-occlusion of small blood vessels, which is often followed by reperfusion injury[1].
Involvement of the hepatobiliary system is observed in 10%-40% of sickle cell
crises[1]. Hepatobiliary involvement may be related to conditions that are not unique
to SCD but are more commonly seen in this group of patients compared to the general
population as a result of chronic hemolysis and the resultant need for frequent blood
transfusions. These conditions include cholelithiasis, cholecystitis, choledocholithiasis,
acute cholangitis, pancreatitis, viral hepatitis and hemosiderosis. Hepatobiliary
manifestations unique to patients with SCD include acute sickle cell hepatic crisis,
acute hepatic sequestration and acute sickle cell intrahepatic cholestasis (the result of
RBC sickling inside the hepatic sinusoids) (Table 1).

CASE PRESENTATION
Chief complaint and history of present illness
A 29-year-old African American male with a past medical history of SCD (Hb SS),
maintained with exchange transfusions every 4-6 wk, with resultant hemosiderosis
and cirrhosis presented with vaso-occlusive pain crisis in his lower extremities and
uncontrolled epistaxis. His outpatient medications included deferasirox, folic acid and
oxycodone. He denied tobacco, alcohol or drug use.

Physical exam
On initial examination, his vital signs were within normal limits. He was markedly
jaundiced and was alert and fully oriented. His abdomen was soft without tenderness
or organomegaly and with normal bowel sounds. Within 24 h of presentation, he
developed new-onset confusion attributed to hepatic encephalopathy.
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Table 1 Summary of unique manifestations of sickle cell hepatopahty
SCD
manifestation

Pathophyiology
Clinical
Histopathology
of the disease
presentation

Aminotransferases

Acute sickle cell
hepatic crises

Sickled RBCs
obstruct liver
sinusoids causing
ischemic
infarction

- Presence of
sickle cell
aggregates in the
liver sinusoids

Fever, abdominal
pain, jaundice
and tender
hepatomegaly

Acute hepatic
sequestration

Kupffer cell
erythrophagocyto
sis traps sickled
RBCs resulting in
blood pooling
within liver
sinusoids

- Presence of
dilated bloodfilled liver
sinusoids

Sudden severe
RUQ pain and
rapidly
worsening
anemia with
appropriate
reticulocytosis;
severe cases can
present with
shock and
hepatomegaly

Acute
intrahepatic
cholestasis

Diffuse sickling in
liver sinusoids
leading to
widespread
ischemia as well
as Kupffer cell
hypertrophy and
extramedullary
hematopoiesis
which contribute
to cholestasis

- Presence of
massively dilated
blood sinusoids
with clusters of
sickled RBCs

Incomplete
occlusion of the
peribiliary
vascular plexus
results in hypoxia
and dilatation of
the bile ducts;
recurrent insults
can result in
ischemic stricture

- Presence of
ischemic necrosis
and fibrosis of the
bile ducts

Sickle cell
cholangiopathy

Bilirubin

Management

Elevated up to 3 Normal to slighly
fold the upper
elevated
limit of normal
followed by rapid
resolution

Conjugated
hyperbilirubinem
ia up to 15
mg/dL, usually
normalizes within
2 weeks

Supportive;
hydration,
oxygenation, pain
control and blood
exchange as
needed

Normal

Elevated; up to
650 U/L

Conjugated
hyperbilirubinem
ia up to 24
mg/dL

Cautious blood
transfuison or
exchange
transfusion;
excessive
transfusion can
result in rapid
rise of Hb during
resolution phase
precipitating
stroke and heart
failure

Fever, RUQ pain, Elevated;
acute liver failure typically > 1000
and multi-system U/L
organ failure

Normal or
elevated up to
>1000 U/L

Conjugated
hyperbilirubinem
ia up to > 30
mg/dL

Supportive with
exchange
transfusion and
LT

Jaundice and
Normal or
biliary stone
elevated
compications,
imaging can
reveal nonobstructive bile
duct dilatation
and/or
obstructive biliary
strictures

Elevated

Elevated

ERCP stenting
and balloon
dilatation, LT

- Kupffer cell
hypertrophy and
centrilobular
necrosis

ALP

- Presence of
intracanalicular
and intraductal
cholestasis
- Ballooning of
hepatocytes,
necrosis,
inflammation

SCD: Sickle cell disease; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; RBC: Red blood cell; RUQ: Right
upper quadrant; Hb: Hemoglobin; LT: Liver transplant; ERCP; Endoscopic retrograde cholangiopancreatography.

Laboratory examinations
Laboratory evaluation was notable for conjugated hyperbilirubinemia with a total
serum bilirubin 57 mg/dL and direct serum bilirubin 30 mg/dL, alkaline phosphatase
306 U/L, aspartate transaminase 227 U/L, and alanine transaminase 54 U/L. White
blood cell count was 38.6 k/µL, hemoglobin was 6.3 g/dL and platelet count was 39
k/µL. Coomb's testing was negative, fibrinogen was 412 mg/dL, and INR was 2.3.
His model for end-stage liver disease-sodium score was 40.
An extensive workup for acute liver injury was undertaken. Acute and chronic
viral hepatitis testing was negative. Serologic testing for autoimmune hepatitis and
genetic causes of liver disease, including hereditary hemochromatosis, alpha-1
antitrypsin deficiency and Wilson disease was negative. His ferritin was elevated at
1399 ng/mL. His arterial ammonia level was 72 µmol/L. He was diagnosed with an
acute kidney injury with a serum creatinine of 3.48 mg/dL (baseline creatinine 0.6-0.7
mg/dL).

Imaging examinations
A liver vascular ultrasound revealed a cirrhotic liver morphology with patent hepatic
vasculature and appropriate flow. An abdominal computed tomography scan showed
changes consistent with cirrhosis without biliary ductal dilatation.
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FINAL DIAGNOSIS
The patient was diagnosed with acute-on-chronic liver failure with multi-system
organ failure secondary to acute sickle cell intrahepatic cholestasis based on the
presence of new-onset acute liver injury, encephalopathy, coagulopathy, and acute
kidney injury.

TREATMENT
He was admitted to the medical intensive liver unit for further management. He
required intubation and mechanical ventilation for acute hypoxic respiratory failure
secondary to acute chest syndrome; for this he was treated with empirical vancomycin
and meropenem. An exchange transfusion was initiated with subsequent decrease of
HbS level from 56.3 to 8.2 g/dL. Despite the exchange transfusion, his hepatic
synthetic function did not improve; he was rapidly evaluated and subsequently listed
with a model for end-stage liver disease-sodium score of 40 for urgent liver
transplantation (LT) for acute sickle cell intrahepatic cholestasis.
The pre-operative evaluation was coordinated by a multidisciplinary team
involving hepatology, infectious disease, dermatology, dentistry, anesthesiology,
transplant surgery, critical care and apheresis specialists. Nine days after initial
presentation, the patient underwent LT from a brain dead, hepatitis C virus (HCV)
nucleic acid test (NAT) positive donor utilizing standard piggyback technique and a
duct-to-duct biliary anastomosis. The explanted liver was found to be enlarged,
measuring 25.4 cm x 16.6 cm x 10.5 cm and weighing 2125.6 g. The capsule was focally
micronodular predominantly on the posterior surface. On cut section, the parenchyma
was red-brown and appeared congested with focal micronodular areas. The hepatic
vasculature and bile ducts were normal.
On microscopic examination, the liver parenchyma showed widespread sinusoidal
dilatation with innumerable clusters of sickled red blood cells, scattered pigmented
histiocytes and cholestasis. The trichrome stain highlighted extensive sinusoidal
fibrosis and established portal-portal bridging fibrosis with evolution toward cirrhosis
(stage 3-4, scale 0-4, Batts-Ludwig methodology). The iron stain was notable for
patchy hepatocellular and Kupffer cell siderosis (2+) (Figures 1 and 2).

OUTCOME AND FOLLOW UP
Immediately following LT, exchange transfusion was resumed and the patient was
started on immunosuppression induction therapy with antithymocyte globulin. He
was also initiated on mycophenolate mofetil, tacrolimus and a steroid taper for
maintenance of immunosuppression. On postoperative day 3, HCV ribonucleic acid
was found to be > 100000000 IU/mL. Genotyping revealed HCV genotype 1A; antiHCV therapy with glecaprevir/pibrentasvir was started on post-operative day 23
after insurance approval. The patient progressed routinely and was discharged. He
achieved sustained virologic response after completing 3 mo of anti-HCV therapy. At
12 mo post-operatively, his liver synthetic function is preserved on chronic tacrolimus
immune suppressive therapy; he undergoes monthly exchange transfusions with a
target HbS < 20%.

DISCUSSION
Only 22 cases of LT for SCH have been reported in the literature. The majority of
transplants have been performed for acute liver failure (ALF) secondary to acute
sickle cell intrahepatic cholestasis. We report the 23rd LT for SCH; the first reported
case of an HCV NAT positive donor that facilitated urgent LT for an HCV NAT
negative patient with acute sickle cell intrahepatic cholestasis. Our patient
subsequently achieved sustained virologic response after being treated with 3 mo of
glecaprevir/pibrentasvir.
Sickle cell hepatopathy (SCH) is an inclusive term referring to any liver dysfunction
among patients with SCD. SCH can present with both acute or chronic liver
dysfunction, but has primarily been used in the literature to describe the acute hepatic
manifestations of SCD. At times, SCH has been used to denote acute intrahepatic
cholestasis specifically[1-6].
Acute intrahepatic cholestasis related to SCD is the most severe, and often fatal,
form of SCH, associated with a mortality rate approaching 40%. Patients may present

WJH

https://www.wjgnet.com

111

March 27, 2020

Volume 12

Issue 3

Alkhayyat M et al. Liver transplant in acute sickle cell intrahepatic cholestasis
Figure 1

Figure 1 Liver parenchyma showing widespread sinusoidal dilatation with innumerable clusters of sickled
red blood cells, scattered pigmented histiocytes and cholestasis (× 20 magnification).

with severe acute hepatic crisis with fever, right upper quadrant pain and
leukocytosis; however, this condition is characteristically accompanied by significant
jaundice and can rapidly progress into ALF. Patients typically experience a dramatic
increase in conjugated bilirubin with reported levels ranging between 30 and 273
mg/dL. Hemolysis and acute kidney injury also contribute to hyperbilirubinemia.
Liver biochemistries including the aspartate transaminase, alanine transaminase and
alkaline phosphatase levels may reach values exceeding1000 mg/dL; however,
normal to only slightly elevated values are possible. Coagulopathy, evidenced by
elevated prothrombin time, partial thromboplastin time, INR and hypofibrinoginemia, is typically seen. Multi-factorial acute kidney injury is commonly
observed as well. To date, no cohesive list of diagnostic criteria has been proposed; we
propose that multi-system organ failure with extreme hyperbilirubinemia and
accompanied by altered mental status in patients with SCD should raise the clinical
index of suspicion for acute intrahepatic cholestasis with an ALF phenotype[1,2].
Liver biopsy will typically demonstrate dilated blood sinusoids with clusters of
sickled RBCs, associated with fibrosis and as intracanalicular and intraductal
cholestasis [ 1 , 3 , 7 ] . Findings of extramedullary hematopoiesis and Kupffer cell
hypertrophy with intracellular engulfed sickled RBCs have also been described in the
literature[3]. According to the degree of hypoxic injury, ballooning of hepatocytes, and
in more severe cases, widespread anoxic necrosis with areas of acute and chronic
inflammation have also been reported[1,8]. Based on the described histopathologic
characteristics, it is believed that this condition results from diffuse sickling in the
blood sinusoids leading to widespread ischemia, hepatocyte injury and fibrosis[1].
Kupffer cell hypertrophy and extramedullary hematopoiesis may also contribute to
liver sinusoidal obstruction with compression of the adjacent bile ducts, contributing
to cholestasis.
A recent report in the literature of acute sickle cell intrahepatic cholestasis by Kwun
Lui et al [3] described a more complex histological pattern of injury, including a
combination of centrizonal fibrosis, occasional occlusion and constriction of the
central veins, and sinusoidal fibrosis. This pattern more closely resembles the
histological findings of chronic sinusoidal obstruction syndrome and veno-occlusive
disease. This finding prompts the suggestion that intrahepatic cholestasis in SCD may
result from RBC-mediated damage of small vessel endothelium, resulting in
endothelial cell death and subsequent fibrosis of the small hepatic veins and
sinusoids. Progression of this process would result in obstruction and distention of
the sinusoids. It has been therefore hypothesized that endothelial dysfunction is the
direct consequence of ischemic RBC-mediated injury in the small outflow veins and
sinusoids.
In patients with SCD and intra-hepatic cholestasis, cause of death is typically
related to multi-system organ failure. Therapy is aimed at aggressive supportive
measures, including exchange transfusions to replace HbS and correct anemia.
Coagulopathy is usually treated with blood product and factor transfusions.
Temporary renal replacement therapy may be required for acute kidney injury; renal
function should correct with improvement of liver function[1]. If supportive measures
fail, LT remains the only viable therapeutic option. Outcomes for patients with
intrahepatic cholestasis undergoing LT are summarized in Table 2. Recurrence of this
disease process has been reported after LT; the role of hydroxyurea to prevent sickle
cell intrahepatic cholestasis is uncertain[9,10].
In patients with SCD, an acute presentation of acute-on-chronic liver failure with an
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Figure 2

Figure 2 Trichrome stain highlighted extensive sinusoidal fibrosis and established portal-portal bridging
fibrosis with evolution toward cirrhosis (× 10 magnification).

ALF phenotype has been reported in patients with underlying chronic liver disease
related to chronic viral hepatitis and/or iron overload[3]. Vaso-occlusive events may
also precipitate acute-on-chronic liver failure in patients with advanced chronic liver
disease. Patients are at elevated risk of hepatic decompensation despite exchange
transfusion given their low hepatic synthetic reserve; LT should accordingly be
considered as a viable rescue therapy in selected patients[6].
Two case series describing LT for SCD patients are present in the literature. The
first series described 6 patients with 1-, 5- and 10-year survival rates of 83.3%, 44.4%
and 44.4% respectively[6]. The second series described 3 pediatric patients, followed
for a mean of 4.3 years, with a reported survival rate of 66%[9].
The risk of vaso-occlusive crisis is increased peri-operatively, and crises may
involve the transplanted liver. It has been recommended to initiate exchange
transfusion before surgery with an HbS target of < 20%-30% and for the HbS level to
be maintained between 8 and 10 g/dL post-operatively in the long term[6,9].
Iron overload is a risk factor for progression of hepatic fibrosis related to chronic
HCV infection among transplanted liver organs. Hemosiderosis should be managed
by minimizing simple blood transfusions as able, by considering exchange blood
transfusion as an alternative, and with iron chelators as indicated. Total body iron
stores should be monitored serologically on a regular basis. Liver biopsy remains the
gold standard for determination of hepatic iron concentration, however; magnetic
resonance imaging in combination with serum ferritin level has been proposed as a
non-invasive alternative[11,12]. However, serum ferritin levels may vary over time in the
setting of infectious or inflammatory processes, vaso-occlusive crises and liver
dysfunction[13]. Chelation therapy is indicated in adults after receiving 20-30 blood
units, in patients with a serum ferritin > 3000 ng/mL with a hepatic iron index of > 79 mg/g dry weight[14].
The evaluation of abnormal liver biochemistries after LT may be challenging in
patients with SCD; it can be challenging to non-invasively differentiate acute and/or
chronic rejection and infectious processes from the normal hepatic pathophysiology of
SCD. As part of normal SCD physiology, kupffer cells will continue to engulf sickled
RBCs, which can lead to congestion of the liver allograft and mild elevation of
aminotransferases and bilirubin levels [15] . Furthermore, low grade fever and
leukocytosis are commonly seen in patients with SCD during vaso-occlusive crises[16].
Liver biopsy remains the gold standard for evaluation of possible rejection following
LT[17].

CONCLUSION
In conclusion, we present a rare case of acute sickle intrahepatic cholestasis managed
with successful LT. This case represents the first report of an HCV NAT positive
allograft being transplanted into an HCV negative SCD patient, and is the 23 rd
reported case of LT in SCD patients overall. Unfortunately, LT will not reverse the
underlying pathophysiology of SCD; diligent post-transplant hematologic and
immunosuppressive management care is needed in these cases. As our understanding
of SCH evolves, paralleling technical advances in LT, post-LT management should be
aimed at improving quality of life and optimizing survival.
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Table 2 Reports of patients with intrahepatic sickle cell cholestasis who underwent liver transplantation
Ref.
[15]

Emre et al

Year

Number of cases

Age of the patient

Outcomes

2000

1

6

First transplant was
complicated by graft failure
from veno-occlusive disease,
required re-LT.
Second transplant was
complicated by graft failure
from hepatic artery
thrombosis, required re-LT.
The patient died 6 mo after
third LT from sepsis.

Ross et al[18]

2002

1

49

The patient died 22 mo after
LT due to pulmonary
embolism.

Gilli et al[19]

2002

1

22

The patient was alive 3 mo
after LT.

Baichi et al[7]

2005

1

27

Post-LT course was
complicated by sepsis,
multiorgan failure,
perihepatic hematoma and
hemorrhagic ascites; the
patient died 35 d after LT.

Mekeel et al[9]

2007

2

8,17

Patients were followed up
over a mean period of 4.2 yr.
Patient 1 was alive at end of
follow-up with mild
recurrent HCV.
Patient 2 had recurrent sickle
cell hepatopathy posttransplant and died of
cerebral complications 6 yr
following LT.

Hurtova et al[6]

2011

5

32-47

Patient 1 died of recurrent
HCV-induced
decompensated cirrhosis and
sepsis 11 yr after LT.
Patient 2 had recurrent HCV
with moderate fibrosis; died
of ischemic cholangitis and
sepsis after 4 yr after LT.
Patient 3 had recurrent HCV
infection. He was alive 8 yr
after LT.
Patient 4's post-operative
course was complicated by
posterior
leukoencephalopathy; the
patient died from sepsis 16
mo after LT.
Patient 5 developed biliary
strictures requiring stenting.
The patient was alive 42 mo
after LT.

Blinder et al[20]

2013

1

37

Immediate post-LT course
was complicated with seizure
and respiratory failure. The
patient had no post-operative
SCD-related complications in
the 12 mo after transplant
and was maintained on
hydroxyurea without need
for exchange transfusion.

Lui et al[3]

2018

1

29

The patient was alive 7 mo
after LT with no reported
complications.

LT: Liver transplant; HCV: Hepatitis C virus; SCD: Sickle cell disease.
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Abstract
Primary sclerosing cholangitis (PSC) is a chronic, progressive, hepatobiliary
disease characterized by inflammation and fibrosis of the intra- and extra-hepatic
bile ducts. Its natural history is one that generally progresses towards cirrhosis,
liver failure, cholangiocarcinoma, and ultimately disease-related death, with a
median liver transplantation-free survival time of approximately 15-20 years.
However, despite its lethal nature, PSC remains a heterogenous disease with
significant variability in outcomes amongst different regions of the world. There
are also many regions where the outcomes of PSC have not been studied, limiting
the overall understanding of this disease worldwide. In this review, we present
the geoepidemiologic variations in outcomes of PSC, with a focus on survival
pre- and post-liver transplantation as well as the concurrence of inflammatory
bowel disease and hepatobiliary neoplasia.
Key words: Cholangiocarcinoma; Inflammatory bowel disease; Liver transplantation;
Geography; Biliary tract; Autoimmune
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There appears to be considerable geoepidemiologic variation in the outcomes of
primary sclerosing cholangitis (PSC). Median liver transplantation-free survival in adults
with PSC ranges from 14 to 21 years, depending on geographic region. Post-liver
transplantation survival for PSC in North America and Europe appears to be nearly twice
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that found in Asia. The overall average risk of cholangiocarcinoma among patients with
PSC is approximately 400 times that of the general population, occurring in roughly 7%9% of all patients with PSC. However, these rates vary from region to region, with East
Asia having rates roughly three-times higher compared to other regions. Studies from
North America, Europe, and Oceania generally report worse clinical outcomes for
patients with PSC-inflammatory bowel disease compared to patients with only PSC or
inflammatory bowel disease; however, this association is less prominent in studies from
Asia.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic, cholestatic liver disease of unclear
etiopathogenesis with a wide spectrum of presentations[1]. The natural history of PSC
is one that generally progresses to cirrhosis, liver failure, and death[2-5]. PSC most often
affects males in the fourth decade of life, though males as well as females of all ages
may be affected. It is also strongly associated with inflammatory bowel disease
(IBD) [6-8] . Though a rare disease, PSC is the fifth leading indication for liver
transplantation (LT) in the United States and a major indication in other countries[1,3-5].
Moreover, no medical therapy has been shown to significantly delay PSC progression;
indeed, it has been suggested that PSC treatments are one of the greatest unmet needs
in hepatology[9,10].
Despite the global incidence of PSC, outcomes data are lacking from certain regions
of the world. Additionally, few studies have looked at the specific subset of patients
with PSC and concurrent IBD (PSC-IBD) with respect to the frequency of their
concurrence and the impact on disease-related outcomes. To this end, we queried the
PubMed and EMBASE databases on PSC and PSC-IBD related outcomes and
abstracted the available relevant data. Based on our findings, we herein review the
geoepidemiologic variation in the outcomes of PSC, focusing particularly on LT-free,
overall, and post-LT survival, as well as the concurrence of PSC with IBD, and the
association of PSC with hepatobiliary and other malignancies.

OUTCOMES IN PRIMARY SCLEROSING CHOLANGITIS
Geographic variations in survival
Survival in patients with PSC is highly variable with patient demographics and
disease severity playing a large role in this variation. Global LT-free survival (survival
free of liver-related death or LT) and global overall survival (OS) among patients with
PSC has recently been reported to be 15-20 years from time of diagnosis, though
significant variation exists (Table 1). Historically, European and North American
studies have reported a median time from diagnosis to death or LT of 10 to 12
years[1,8,11,12]. Recent studies have suggested longer survival times, though this may be
due to the fact that until recently, there have only been a small number of outcomesbased studies examining survival in PSC[6,11-14]. Technological advances in LT may also
play a role in the metric of LT-free survival (as higher frequencies of LT and/or LT
performed at younger ages can decrease LT-free survival). In Europe, Asia, and
Oceania, median LT-free survival time appears to be 20 years or more[1,15,16]. However,
this statistic does not provide a complete picture. In a Netherlands-based study,
Boonstra et al[1] reported the median LT-free survival for all patients with PSC to be
21.3 years[1]. However, median LT-free survival of the subset of patients with PSC
treated at LT centers was only 13.2 years[1]. In a Japan-based study, Kumagai et al[17]
noted a median LT-free survival and OS of 18 years, though these patients were
recruited from a LT center. Median LT-free survival and OS in some regions, such as
Israel, even reach as high as 23.5 and 26.3 years, respectively[16]. Indeed, survival
among patients with PSC may be increasing, but major confounding factors such as
availability of LTs, patient criteria for LTs, as well as competing survival risks and
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variable ages at disease presentation may disproportionately influence apparent LTfree survival in various regions. Furthermore, few if any studies have been performed
in Central and South America, Africa, and much of Asia; thus, trends and
comparisons of survival in these regions cannot be accurately performed at this time
(Figure 1).
Overall, patients with PSC have a three- to four-fold increased risk of all-cause
mortality compared to the general population[1,18-20]. Across reported regions, the
leading causes of death among patients with PSC are cholangiocarcinoma (CCA),
liver failure, LT-related complications, and colorectal cancer[1,8,21-23]. In Asia, liver
dysfunction is reported as the most common cause of death in patients with PSC
(40%-70%), whereas in Europe and North America the plurality (40%-50%) of PSCrelated deaths are due to cancer[16,17,24,25].

Variations in post-liver transplant survival
LT is the treatment of choice for patients with advanced PSC-related hepatobiliary
disease. Current practice guidelines support referral for LT when patients develop a
Model for End-stage Liver Disease score of 15 or greater, a Child-Pugh-Turcotte
classification of C, or when LT may significantly improve quality of life, such as in the
case of intractable pruritis [22,26-29] . However, data regarding time to LT are often
difficult to compare between populations because: (1) Studies at referral centers
generally have patients with more severe disease, and thus may be more likely to
receive a LT (Berkson’s bias); and (2) Patients living in countries/regions with greater
health care access may be more likely to receive LTs. For example, the increased
availability of LT centers in Europe and North America has significantly altered
clinical outcomes such that nearly 50% of patients with PSC treated in these countries
receive LTs[30]. In contrast, only approximately 4%-12% of patients in Asian countries
receive LTs[17,31]. A major reason for this is that certain countries, such as Japan, have
significant shortages of brain death donors and thus rely heavily on living donor
LTs[17].
Various European and American studies have reported 1, 3, 5 and 10-year post-LT
survival rates in the 70% to 90% range; however, post-LT survival in Asia appears
lower with 5 and 10 year post-LT survival rates in the range of 55% to 75%[22,31-38].
Regional differences in post-LT survival may, in part, be due to overall greater clinical
experience with LTs in Europe and North America or variations in patient selection
criteria across regions. However, other factors may also play a role. Genetic
differences, such as human leukocyte antigen profiles, have been associated with LT
success rates, and the genetic underpinnings of PSC may help to explain some of the
observed differences[32,39]. One North American study explored the risk of LT listing
among patients with PSC and identified significantly different HLA associations
among various ethnic groups. In particular, European Americans and Hispanics with
PSC listed for LT had similar HLA profiles, but African Americans displayed a
different HLA profile[40]. In addition, African Americans were more likely to have
severe PSC-related disease than other ethnic groups in this study independent of
socioeconomic factors, suggesting that genetics may contribute to PSC phenotype[40].
Unfortunately, linkage disequilibrium patterns, associations with HLA-DRB1, HLA-B,
and other non-HLA genes as well as varying nomenclature and typing methodologies
across regions over time currently preclude the clinical utility of PSC genotyping[41].
Of note, limited data on post-LT survival in pediatric patients with PSC are available;
one North American study reported the 5-year LT- free survival among children with
PSC to be 78%[42].

Geographic variations in post-transplant PSC recurrence
Approximately 20%-25% of patients with PSC experience disease recurrence post-LT,
though this rate varies by cohort[43]. Recurrent PSC (rPSC) carries the potential need
for re-LT and increased risk of mortality. The etiology of rPSC is unknown, but
various studies have attempted to identify possible risk factors for recurrent disease.
Across regions, pre-LT colectomy has been associated with reduced risk of rPSC,
whereas increased age, presence of IBD, increased Model for End-stage Liver Disease
score, acute cellular rejection, and pre-LT CCA have been associated with increased
risk of rPSC[43]. Time-to-recurrence post-LT also appears to be similar across regions
with a median time to recurrence of 5.1 years and a range spanning a few months to
multiple decades[43]. Of note, among studies examining rPSC, the median age at LT
appears to be younger in Asian studies compared with the global average
(approximately 33 years vs 45 years, respectively) [32,36,43,44] . However, as stated
previously, most of these data come from European and North American LT centers,
possibly limiting prognostication to other regions. Analyses of LT-free survival, OS,
and time to LT were conducted using weighted averages of studies from each
reported geographic region (Table 1).
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Table 1 Overall and regional primary sclerosing cholangitis clinical outcomes in terms of overall survival (measured in years) and
incidence of cholangiocarcinoma

Region

Studies (n)

Transplant
Total patients Age at
PSC-IBD cofree survival
(n)
diagnosis (yr) incidence (%)
(yr)

Overall
survival (yr)

Time to LT
(yr)

Annual
incidence
CCA1

Africa

0

0

-

-

-

-

-

-

Asia

9

711

39

39%

20.8

23.6

3.5

1503

Europe

18

3993

35

74%

17.3

14.8

4.9

303

North
America

14

1155

31

66%

14.5

13.8

3

642

South America 1

21

7

24%

-

-

-

433

Oceania

4

416

47

79%

23.3

10

8

439

International

1

7121

39

73%

14.5

-

-

-

Overall

47

13417

37

71%

15.9

15.3

4.6

500

1

Among PSC per 100000. PSC: Primary sclerosing cholangitis; IBD: Inflammatory bowel disease; CCA: Cholangiocarcinoma; LT: Liver transplantation.

PRIMARY SCLEROSING CHOLANGITIS AND
INFLAMMATORY BOWEL DISEASE
Geographic variations in PSC-IBD
Long-established associations and complex interactions exist between PSC and IBD.
The PSC-IBD phenotype is distinct with outcomes different from those seen in PSC or
IBD alone. Moreover, geographic variations may exist in the PSC-IBD phenotype. In
particular, studies from Oceania have noted patients with PSC-IBD to be at an
increased risk of death and increased risk of gastrointestinal or hepatobiliary
malignancies than patients with PSC alone[45,46]. In contrast, multiple studies from Asia
have not identified significant differences in these outcome measures between
patients with PSC-IBD and PSC alone[16,17]. A study from Iran even noted favorable
outcomes for patients with PSC-UC relative to those with UC alone[47]. However, there
are also studies from Asia suggesting worse outcomes in PSC-IBD; one study from
South Korea found an increased risk of colorectal neoplasia and a trend towards
increased mortality in patients with PSC-UC compared to those with UC alone[48].
Studies from North America generally report worse outcomes for patients with the
PSC-IBD phenotype, with most studies suggesting a significantly increased risk of
neoplastic disease, rPSC, and potentially earlier onset of rPSC post-LT[49-54]. Studies
from Europe appear to have similar findings to that of North America; patients with
PSC-IBD appear to have an increased risk of neoplastic disease, particularly colorectal
dysplasia, compared to patients with either PSC or IBD alone[1,55]. However, European
studies generally have not identified significant survival differences between patients
with PSC-IBD and PSC alone[11,55,56].
Differences concerning age at presentation of PSC and PSC-IBD appear to remain
highly variable. Multiple studies from various regions have noted that patients with
PSC-IBD present at an earlier age than patients with PSC alone, but there are also
studies in similar regions that have not identified significant age differences[11,16,17,45,46,49].
Whether this is due to IBD-related symptomatology leading to an earlier age of
diagnosis and thus lead-time bias or if the PSC-IBD phenotype itself tends to present
at an earlier age is unclear[57].
PSC-IBD concurrence rates appear to vary between regions. Roughly 65% of
patients with PSC in Western countries have concurrent IBD, whereas only 30% of
patients with PSC in East Asian countries have concurrent IBD[8,17,58,59]. Interestingly,
among patients with PSC-IBD in Europe and East Asian countries, the concurrence of
PSC-UC was similar at approximately 80%[8,17,58,59]. However, studies from Central Asia
and the Middle East have more variable results. Generally, PSC-IBD concurrence rates
in these regions are reported as similar to those in Europe, but PSC-UC concurrence
rates are much lower, often under 60%[16,60,61]. Lastly, some regions, such as central and
southern Europe, Alaska, and northern Canada have identified either very low or
even no concurrence of PSC with IBD[62-64].
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Figure 1

Figure 1 Locations of all studies reporting liver transplantation-free and overall survival in primary
sclerosing cholangitis.

PRIMARY SCLEROSING CHOLANGITIS AND NEOPLASIA
Geographic associations with cholangiocarcinoma
PSC is a major risk factor for the development of CCA. The risk of CCA among
patients with PSC is roughly 400 times that of the general population[1]. The global
annual incidence of CCA is approximately 500 per 100000 patients with PSC, or 0.5%
annually (Table 1).
The annual incidence of CCA among adult and pediatric patients with PSC is
roughly 7%-9% across populations, though estimates in North America vary greatly,
with reported incidences as low as 4% and as high as 20%[1,11,42,65-67]. The highest annual
incidence of CCA is in Asia, with incidences as high as three times the global average;
the reason for this elevated incidence is unknown (Table 1)[16,35,60,68,69]. Interestingly, the
highest non-PSC related rates of CCA are also seen in Asia, suggesting another
variable (e.g., parasitic infections and chronic viral hepatitis) may be playing a role in
the high rate of CCA[70].
Data regarding duration of PSC and risk of CCA are variable, with several studies
suggesting PSC increases the risk of CCA over time while other studies have not
found the same association[1,65]. This may be due to the fact that the presence of CCA
in patients with PSC is often occult (with at least 10% of patients with PSC having
“silent” CCA for significant lengths of time), thus the true time to development of
carcinoma is unclear[71]. Interestingly, both duration of IBD among PSC-IBD patients
and colorectal neoplasia (CRN) among PSC-UC patients increase the risk of CCA
development[72].

Geographic associations with colorectal neoplasia
IBD confers an increased risk of CRN and PSC-IBD further increases the risk of CRN
above that of IBD alone[55]. Of note, some studies have reported an increased risk of
CRN among PSC-UC patients compared to UC patients but not among PSC-IBD
patients relative to IBD patients, implying a specific disease interaction between PSC
and UC[72-75].
While regional differences in PSC-IBD associated CRN are difficult to ascertain, it is
known that post-LT colorectal neoplasia is of particular concern in patients with PSC
and PSC-IBD [22] . Among post-LT PSC-IBD patients, the risk of CRN rises by
approximately 1% per year post-LT[22,76]. As such, it is possible that rates of CRN
among PSC-IBD patients may be greater in European and North American countries
owing to the increased frequency of LT in these regions, though there is little evidence
to support this directly. Annual endoscopic monitoring is considered standard of care
among PSC-IBD patients[77].

LIMITATIONS
Geographic reporting of PSC-related outcomes is heterogenous, with the majority of
studies coming from Europe and North America, a limited number of studies from
Asia and Oceania, and very few studies from South America and Africa, hence
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summary estimates were not amenable to meta-analysis. Moreover, the reporting of
results differs even within similar regions, making comparisons challenging. For
example, within one region, one study may report LT-free survival while another
study may report OS, limiting the ability to make comparisons. Additionally, PSC
case identification, outcomes, and other factors may have changed over time.
Therefore, when comparing studies from one region to another we may be comparing
them not only based on where the studies took place, but when they took place,
potentially confounding results. Lastly, our search was limited to studies available in
English, which may have left out studies from non-English speaking regions.

CONCLUSION
Studies on global PSC-related outcomes have increased over the years allowing for
novel analyses of regional differences. Causes of PSC-related death vary globally,
with liver dysfunction being the primary cause of PSC-related death in Asia, and
cancer being the primary cause in both Europe and North America. Although notably,
there is a significantly greater rate of CCA in East Asia than the rest of the world.
Interestingly, PSC-IBD concurrence rates vary across regions, yet the proportions of
PSC-IBD subtypes are largely consistent across regions. Likewise, PSC-IBD related
outcomes appear largely consistent across regions. As most studies of PSC have been
conducted in the United States and Western European countries, with a paucity of
data from other regions, the need for large population-based studies in underreported regions is imperative to better understand global and regional PSC-related
outcomes.
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Abstract
Drug induced liver injury (DILI) is a common cause of acute liver injury.
Paracetamol, also known as acetaminophen, is a widely used anti-pyretic that has
long been established to cause liver toxicity once above therapeutic levels.
Hepatotoxicity from paracetamol overdose, whether intentional or nonintentional, is the most common cause of DILI in the United States and remains a
global issue. Given the increased prevalence of combination medications in the
form of pain relievers and antihistamines, paracetamol can be difficult to identify
and remains a significant cause of acute hepatotoxicity, as evidenced by its
contribution to over half of all acute liver failure cases in the United States. This is
especially concerning given that, when co-ingested with other medications, the
rise in serum paracetamol levels may be delayed past the 4-hour post-ingestion
mark that is currently used to determine patients that require medical therapy.
This review serves to describe the clinical and pathophysiologic features of
hepatotoxicity secondary to paracetamol and provide an update on current
available knowledge and treatment options.
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Core tip: Paracetamol is a widely used anti-pyretic that has long been established to
cause liver toxicity once above therapeutic levels. Given the increased prevalence of
combination medications in the form of pain relievers and antihistamines, paracetamol
can be difficult to identify and remains a significant cause of acute hepatotoxicity
globally. This is especially concerning given that, when co-ingested with other
medications, the rise in serum paracetamol levels may be delayed and alter medical
management. This review serves to describe the clinical and pathophysiologic features of

https://www.wjgnet.com

125

April 27, 2020

Volume 12

Issue 4

Rotundo L et al. Liver injury by paracetamol
http://creativecommons.org/licen
ses/by-nc/4.0/

hepatotoxicity secondary to paracetamol and provide an update on current available
knowledge and treatment options.

Manuscript source: Unsolicited
manuscript

Received: October 11, 2019
Peer-review started: October 11,
2019

First decision: November 2, 2019
Revised: December 26, 2019
Accepted: February 17, 2020
Article in press: February 17, 2020
Published online: April 27, 2020
P-Reviewer: Cure E, De Ponti F, Lei
YC, Qadir MI
S-Editor: Wang YQ
L-Editor: A
E-Editor: Wu YXJ

Citation: Rotundo L, Pyrsopoulos N. Liver injury induced by paracetamol and challenges
associated with intentional and unintentional use. World J Hepatol 2020; 12(4): 125-136
URL: https://www.wjgnet.com/1948-5182/full/v12/i4/125.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i4.125

INTRODUCTION
Acute liver failure consists of severe liver dysfunction, as evidenced by coagulopathy,
jaundice, and encephalopathy, usually in the absence of underlying liver disease[1].
The incidence of acute liver failure (also termed fulminant hepatic failure) is roughly
10 per one million people annually in developed countries[1] with over 2000 cases in
the United States diagnosed each year[2]. While viral hepatitis is among the most
common cause of acute liver failure worldwide[1], drug-induced liver injury (DILI) is
another culprit of liver damage. Half of all cases of acute liver injury in the United
States result from DILI[3]. Paracetamol, also known as acetaminophen, is a widely used
anti-pyretic that has known liver toxicity once above therapeutic levels in the blood[4].
In fact, paracetamol is the most common cause of DILI in the United States[5]. Given its
ease of access as an over-the-counter medication, the United States Food and Drug
Administration had stated it is safe to consume up to a maximum dose of 4000 mg
within 24 h[6,7] while experts recommend a dose of 2000 mg or less in patients with
existing liver disease or with chronic alcohol use[8-10]. Alternatively, dosing guidelines
from drug inserts in European countries recommends maximum of a 3000 mg of
paracetamol in older adults either < 50 kg or in those > 50 kg with additional risk
factors for hepatotoxicity [11,12] . However, toxicity from paracetamol has recently
become more challenging to rapidly identify given the increased use of combination
medications, such as over-the-counter cold medicine or prescription pain relievers,
that also contain paracetamol. In addition, toxic ingestions with these medications or
in combination with alcohol may have a delayed presentation of hepatotoxicity[13-15].
Previously, only limited data on the mechanism and outlook of patients with acute
liver injury existed. Because acute liver failure was poorly studied and understood,
centralized data registries, such as the United States Acute Liver Failure Study Group,
were formed to improve detection and patient outcomes. Additionally, the United
States Drug-Induced Liver Injury Network was formed with the goal of creating a
centralized registry for all acute liver failure cases that result from the use of
prescriptions, over-the-counters, and herbal medications[16]. Our aim is to describe the
clinical and pathophysiologic features of hepatotoxicity secondary to paracetamol and
provide an update on current available knowledge and treatment options.

PATHOPHYSIOLOGY
Paracetamol was first developed in 1878 from phenacetin and became widespread in
the 1950s as an over-the-counter antipyretic and analgesic. Since that time, there have
been numerous studies connecting paracetamol ingestion with liver injury in a dosedependent fashion. These effects are compounded in the setting of concomitant
alcohol abuse, starvation ketosis or concurrent infections. Hepatocytes metabolize
paracetamol via microsomal cytochrome P450 (CYP450) into non-toxic byproducts.
This metabolism pathway via CYP450, specifically cytochrome P450 2E1 (CYP2E1),
produces reactive oxygen species[17], originally thought to be the ultimate cause of
liver injury in paracetamol overdose. After recent debunking[18-20] of that long-standing
belief, mitochondrial dysfunction has instead been attributed as the main source of
free radicals and oxidative stress in paracetamol hepatotoxicity[21]. Mitochondrial
dysfunction begins with the formation of drug-protein adducts between the reactive
paracetamol metabolite, N-acetyl-p-benzoquinone imine (NAPQI), and mitochondrial
proteins involved in the electron transport chain[22,23]. Additionally, increased activity
of mitochondrial complex I, a known site of free radical generation[24], occurs with
paracetamol overdose, and the level of activity was found to correlate with the degree
of liver injury [23] . Oxidative stress induced by paracetamol overdose is mainly
attributed to mitochondrial superoxide and peroxynitrite[24]. The superoxide reacts
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with nitric oxide to form the highly reactive peroxynitrite species that is main source
of oxidative and nitrosative stress[24].
Paracetamol has high bioavailability, with almost 80% of the drug being absorbed
when taken orally[25]. In individuals without liver injury, the half-life of paracetamol is
roughly 2-3 h[26]. At therapeutic levels in the blood, approximately 90% of paracetamol
is broken down into non-toxic metabolites through sulfidation and glucuronidation
pathways and then renally excreted[27]. However, at overdose levels, these pathways
become saturated, resulting in large amounts of paracetamol being converted by
CYP450 into its toxic metabolite, NAPQI[28]. NAPQI is subsequently excreted after
glutathione conjugation renders it to harmless metabolites, as shown in Figure 1.
Glutathione peroxidase activity is reduced by 60% in the setting of paracetamol[29].
This is dose-dependent, with larger amounts of paracetamol resulting in prolonged
depletion of glutathione[21]. This reduction of glutathione in the mitochondria and cell
cytosol results in decreased excretion of reactive oxygen species and peroxynitrite[30].
Additionally, without glutathione, oxidative stress activates the opening of
mitochondrial permeability transition pores that results in the destruction of the
membrane potential and halts ATP synthesis [21,30] . Ultimately, this results in the
breakdown of DNA and cell membranes and the induction of apoptosis, resulting in
cell death and acute inflammation[30].

CLINICAL PRESENTATION
In the United States, paracetamol is the one of the most widely used over-the-counter
analgesics. According to the Third National Health and Nutrition Examination Survey
from 1988-1994, 36% of Americans reported using acetaminophen within a month
timeframe[31]. Due to its ease of access and availability in combination with other
medications, such as opioids and antihistamines, paracetamol overdose can be
accidental or in a suicide attempt. A thorough history and early recognition is key
since long delays to the administration of treatment can result in worse outcomes for
paracetamol-related hepatotoxicity. Depending on the severity of the liver damage,
patients can present with a range of symptoms, from being initially asymptomatic to
having overt signs of liver failure, including jaundice, confusion, ascites, nausea and
vomiting.
Acute liver failure is defined by the presence of hepatic encephalopathy, jaundice
and coagulopathy in individuals without any history of cirrhosis occurring for less
than 26 wk[32]. This includes individuals with Wilson disease, autoimmune hepatitis or
viral hepatitis as long as the disease was diagnosed within the last 26 wk[32]. An
exclusion is severe alcoholic hepatitis, as this is likely accompanied with a history of
prolonged alcohol abuse, resulting in chronicity of the liver injury.
There are four phases of acute paracetamol toxicity: Preclinical, hepatic injury,
hepatic failure, and recovery[33]. Phase one, or the preclinical phase, occurs shortly
after ingestion of toxic levels of paracetamol and can last 12-24 h. Non-specific
symptoms such as nausea, vomiting, diaphoresis or lethargy may be seen. One to two
days following the ingestion, the second phase begins, as evidenced by hepatotoxicity
in laboratory values [elevation in hepatic enzymes, lactate, international normalized
ratio (INR)][33,34]. Clinically, right upper quadrant abdominal pain may be present. In
some cases, liver injury will progress to phase three, typically occurring at days three
to five. Here, nausea and vomiting may recur or worsen and are accompanied with
fatigue, jaundice, and central nervous system depression, varying from confusion to a
coma[33]. Elevation in liver aminotransferases as high as 10000 IU/L can be seen[35]. The
resultant hepatic necrosis and failure can be fatal and associated with multiorgan
failure[33,34]. Lastly, phase four is recovery with normalization of laboratory values;
roughly 70% of patients will fully recover, while 1%-2% will die from hepatic
failure[33]. Death from untreated paracetamol toxicity occurs 4 to 18 days later[33].

Laboratory findings
Initial laboratory testing in acute liver failure will reveal prolonged prothrombin time,
INR greater than 1.5, elevated aminotransferase and bilirubin levels,
thrombocytopenia, electrolyte abnormalities, elevated ammonia levels and acid-base
disturbances. Typically, aminotransferase levels are in the thousands in cases of
paracetamol-induced acute liver failure. Paracetamol levels should always be drawn
in acute liver injury cases. Since the time of ingestion is not always known, such as in
accidental overdose, absent or low levels of paracetamol should not exclude
paracetamol-induced liver injury in those cases where it is suspected. Laboratory
variables most indicative of patient outcome were the peak bilirubin and prothrombin
time levels with bilirubin directly correlated to survival[36].
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Figure 1 Paracetamol metabolism pathways and breakdown into N-acetyl-p-benzoquinone imine, by
cytochrome P450 2E1. N-acetyl-p-benzoquinone imine is the toxic metabolite produced from paracetamol
metabolism when the other two conjugation pathways become over-saturated. The resultant toxic N-acetyl-pbenzoquinone imine byproduct is converted into nontoxic metabolites by glutathione, which is regenerated by Nacetylcysteine. NAPQI: N-acetyl-p-benzoquinone imine; CYP2E1: Cytochrome P450 2E1; NAC: N-acetylcysteine.

Liver biopsy is not routinely performed in the diagnosis of acute liver failure as it is
associated with a high risk of bleeding and mortality. In addition, in prior studies
assessing the role and accuracy of liver biopsy in acute liver failure, the diagnosis
changed in 18% of cases; there was no report on whether biopsy information altered
the clinical course or treatment [37] . In fact, the American Gastroenterological
Association “suggests against routine use of liver biopsy” in the workup of acute liver
failure[37].

HEPATOTOXICITY RISK FACTORS
The dose of ingestion as well as the time span between ingestion of paracetamol and
of the treatment drug N-acetylcysteine (NAC) are the most influential factors in the
manifestation and severity of paracetamol hepatotoxicity[4,38-40]. While acute liver
injury can occur when used at or below the recommended daily maximum dose (4000
mg)[4], paracetamol toxicity is often the result of ingestion of paracetamol over this
maximum dose. In fact, the maximum daily dosage has been a topic of controversy,
with some manufacturers voluntarily lowering this recommended threshold on their
products in order to increase the safety of patients[41,42].
Beyond exceeding the recommended daily dose, the risk for liver injury increases
when paracetamol is used in combination with other drugs and substances, such as
alcohol. The interplay between paracetamol and alcohol is an interesting one, because
these compounds are competitive substrates for CYP2E1, which reduces the
production of the reactive NAPQI species generated in paracetamol metabolism; as a
result, acute alcohol ingestion may in fact act as a protective mechanism against
paracetamol hepatotoxicity[43-46]. On the other hand, paracetamol hepatotoxicity is
augmented with chronic alcohol consumption through the up-regulation and
increased synthesis and activity of CYP2E1 as well as the decreased production of
glutathione; these activities result in enhanced liver necrosis and an exacerbated
prognosis[43,46]. While the risk of liver failure may be increased in the case of chronic
alcoholism in combination with paracetamol overdose, alcoholism does not
necessarily increase the risk of paracetamol hepatotoxicity when in combination with
therapeutic doses[43]. Beyond alcohol, there are various prescribed and over-thecounter medications that can predispose a patient to paracetamol hepatotoxicity,
including opioids, anti-tuberculosis drugs[47], and anti-epileptic drugs as well as herbs
and dietary supplements, such as St. John’s wort, garlic and germander, through their
effects on CYP450 metabolism (Table 1)[7].
The risk for paracetamol hepatotoxicity is increased in patients with malnutrition,
as glutathione stores are depleted and no longer available for conjugation with the
reactive NAPQI species[48]. Individuals at a particular risk for poor nutritional status
include those with chronic alcoholism[48], and while patients with anorexia nervosa are
malnourished and have low glutathione reserves, they also have reduced CYP2E1
activity, which in fact does not exacerbate the risk of paracetamol toxicity in this
subset of malnourished patients [49] . Age also impacts hepatotoxicity risk, with
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Table 1 Drugs and substances that affect cytochrome P450 2E1 activity and can interfere with
paracetamol metabolism
Cytochrome P450

Inducers

Inhibitors

CYP2E1

Ethanol

Disulfram

Isoniazid
St. John’s wort
Garlic, Germander

CYP2E1: Cytochrome P450 2E1.

advanced age (over 40 years old) being associated with a higher risk of acute liver
failure, liver transplantation, and death from paracetamol overdose [ 5 0 ] . The
metabolism of paracetamol appears to be dependent on age[51], and paracetamol use
alone and in combination with opiates is widespread among advanced-age adults for
treatment of chronic pain or cancer. Chronic liver disease patients are also at
increased risk for hepatotoxicity, as paracetamol metabolism is decreased in patients
with cirrhotic livers. While there is no evidence suggesting pregnancy as a
predisposing risk factor for paracetamol toxicity[7], the use of paracetamol during
pregnancy should be carefully monitored, since paracetamol is the most common
overdose during pregnancy, and toxicity in such cases can results in significant
morbidity and mortality for both the fetus and mother[52].
The aforementioned confounding factors that influence the development and
acuteness of liver injury are summarized in the flowchart in Figure 2.

PROGNOSTICATION
While the extent of liver injury has been found to be dose dependent, there are a few
possible risk factors for DILI. One study has found that men and younger age was
associated with an increased risk in hepatocellular damage[53]. Traditionally, there are
a few scoring systems available to prognosticate those with acute liver failure though
none are considered gold standard criteria. The King’s College liver failure criteria[36]
uses serum laboratory values to determine the prognosis of DILI and tested these
prognostications by retrospectively analyzing those patients that had to undergo liver
transplantation. The Roussel Uclaf Causality Assessment Method[54] is a sensitive test
but difficult to perform based on its complicated system. The Roussel Uclaf Causality
Assessment Method score is based off of seven measures that include the time of DILI
onset, concomitant risk factors or drug use, non-drug related liver injury, the patient’s
clinical course, prior liver injury toxicity and the response to re-challenge of the
drug[54]. A modification to this is the Digestive Disease Week-Japan scale[55], which
adds the lymphocyte stimulation test. Prior to transplantation, the finding of jaundice
in DILI patients was associated with a poor prognosis with over 10% mortality prior
to liver transplantation for paracetamol-induced liver injury [56] . This prognostic
finding of hepatocellular injury significant enough to alter bilirubin excretion (with
elevations greater than two times the upper limit of normal) is referred to as “Hy’s
Law Cases”[56].
Patient outcomes are dependent upon what phase of paracetamol poisoning that
treatment is initiated in. If the antidote is given during phase one (in cases where
medical history reveals a suspicion of paracetamol overdose), patients are expected to
fully recover with only a transient period of liver injury[57,58]. In fact, the administration
of N-acetylcysteine will prevent most patients from progressing past phase two of
hepatic injury[34]. Additionally, the presence of other organ involvement, such as
altered mental status or acute renal failure portends a worse prognosis and is often an
indication for monitoring the patient in a critical care setting[59].

TREATMENT
Early initiation of treatment is critical immediately following recognition of DILI. The
Rumack-Matthew nomogram is a tool that uses serum paracetamol levels at a specific
time point in the overdose, typically measured between 4- and 24-hours postingestion, to predict the risk of hepatotoxicity and guide medical management[60,61]. If
the paracetamol level is above a certain cutoff, also called the “treatment line” that
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Figure 2

Figure 2 Factors that pre-dispose patients to increased paracetamol toxicity.

typically starts at 150 µg/mL at 4 h and extends to 4.7 µg/mL at 24 h, then treatment
is indicated[62,63] (outlined in Figure 3). If the time of ingestion is unknown but within
24 h, the earliest possible time of ingestion should be estimated and plotted on the
nomogram to see if treatment with NAC should be initiated (i.e. if above the treatment
line). The use of the nomogram should be avoided until 4 h or more after ingestion as
the levels may be misleading during this timeframe from the point of acute ingestion
and not be an accurate predictor of toxicity[64,65]. Classically, the nomogram is used in
conjunction with the patient’s history and laboratory findings to determine medical
management. If medication review reveals co-ingestion with opioids or
anticholingeric medications, the post-ingestion level should be checked at 4 h and
repeated at 6 h post-ingestion if the initial level falls below the treatment line to
account for possible delay in maximum serum concentrations of paracetamol [13] .
However, other aspects of the history such as the reported dose in paracetamol
toxicity, can be used to predict patient outcomes. A prospective study demonstrated
that individuals who had a reported overdose with 50 g of paracetamol had a 90%
probability of being over the treatment value cutoff, suggesting that dosing can help
rapidly identify individuals that need treatment immediately initiated[66].
Currently, the mainstay therapy is NAC, given intravenously as soon as the
diagnosis of paracetamol hepatotoxicity is made. NAC acts by restoring glutathione
levels that then allow for the removal of NAPQI from the body[67]. Specifically, NAC is
hydrolyzed to cysteine, which in turns restores glutathione as well as provides thiol
groups that react directly with NAPQI in the hepatocytes[57,68]. Administration of NAC
is the mainstay treatment and standard of care in paracetamol overdose, with the
most benefit seen if initiated within the first 8 h from the time of paracetamol
overdose[57,58]. However, it has been shown that mortality is significantly decreased by
the administration of NAC even up to 36 h after the toxic ingestion and that this
cohort of patients is less likely to progress to grade III/IV hepatic coma after receiving
treatment with NAC[69]. NAC is typically administered intravenously over three
weight-based doses: The initial 150 mg/kg dose in the first 15-60 minutes, followed by
50 mg/kg over 4 h, and then 100 mg/kg over 16 h [60,70] . In cases where NAC is
administered orally, the typical dosing regimen is a loading dose of 140 mg/kg,
subsequently followed by 70 mg/kg every 4 h until 18 doses are administered[60,68].
After NAC dosing is complete, re-evaluation of the paracetamol level and liver
function tests should be done to assess if repeat dosing is indicated. Dosing of NAC
can be continued if the serum paracetamol level is above 10 µg/mL or if alanine
aminotransferase (ALT) elevation persists, especially in the setting of acidosis,
coagulopathy, acute kidney injury and hyperbilirubinemia as these patients have
worse outcomes[71].
With opioid use being more prevalent, medication interactions that slow gut
motility have important implications in paracetamol toxicity. Recent studies have
shown that there are limitations to the Rumack-Matthew nomogram in predicting the
risk of hepatotoxicity in the setting of combination medications due to a delay in the
onset of symptoms and laboratory abnormalities [13-15] . In particular, paracetamol
combined with antihistamines or opioids have been shown to have serum
paracetamol levels below 150 µg at the 4-hour post-ingestion mark but would cross
above the treatment threshold when levels were rechecked within the 24-hour
period[13]. In fact, a United States prospective cohort study[14] showed that 6% of
patients with an acute combination medication overdose of paracetamol with
antihistamines or opioids had paracetamol levels that were initially low at the 4-hour
time mark but were later found to be above the 150 µg/mL treatment threshold.
In conjunction with NAC therapy, activated charcoal has been proven to be
beneficial in reducing the number of patients that develop toxic serum paracetamol
levels[72] and has been shown to decrease the extent of liver injury, as evidenced
through a reduction in serum transaminase levels and prothrombin time[72,73]. Since the
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Figure 3

Figure 3 Flowchart depicting the management pathway for acute paracetamol overdose/ toxicity. ALT: Aminotransferase; AST: Aspartate aminotransferase.

majority of paracetamol absorption in the gastrointestinal tract occurs within the first
4 h[40], activated charcoal is generally believed to be most beneficial if administered
within that time period, as its mechanism of action is to interfere with paracetamol
absorption. However, activated charcoal has been shown to provide some benefit
even with later administration, suggesting an additional mechanism for improvement
in hepatotoxicity[72].

Treatment updates and alternatives
While the mechanism of toxicity in paracetamol overdose is thought to be due to
glutathione depletion and subsequent buildup of harmful metabolites as previously
mentioned, studies on the repletion of glutathione as a therapy option are few and in
early stages but yielded positive results. In one animal study [74] , both free and
niosomal (or encapsulated) glutathione administered intravenously had been shown
to reduce hepatotoxicity in paracetamol overdose with serum concentration at 150
mg/kg. This promising finding may represent an avenue for treatment in the future
after further investigations are performed. An additional novel therapy is Nacetylcysteine amide (NACA), which is a variant of NAC with an amide in place of a
carboxyl group, which in turn increases the compound’s lipophilicity[75]. This allows
NACA to more easily transverse cell membranes, meaning it is effective at lower
doses when compared to NAC and potentially avoid some adverse side effects.
NACA’s therapeutic benefit is multifactorial: It acts as a precursor to glutathione,
promotes intracellular metabolism of toxic compounds and is a free radical scavenger.
In this study, NACA was dosed at 106 mg/kg every 12 h for a maximum of up to 72
h. With this dosing regimen, NACA was found to have increased survival in mice as
well as improved ability to decrease damage from oxidation and paracetamol[75].
Additionally, recent research has explored the effectiveness of lower doses of NAC
in the treatment of hepatotoxicity from paracetamol overdose. The study by Shen et
al[76] demonstrated that NAC was still effective at an initial lower infusion rate (200
mg/kg over 9 h, or 23 mg/kg/h) followed by the third dose of the conventional
treatment regimen. The lower initial infusion would allow for immediate treatment in
suspected acute liver failure from overdose cases to prevent delay while awaiting
serum paracetamol levels and liver function tests. This is beneficial as serious adverse
events including hypersensitivity reactions, such as rashes to even anaphylaxis, can
occur following high dose NAC infusions[58,77,78]. Furthermore, gastric lavage and
molecular adsorbent recirculating system (MARS) are two other treatment options for
paracetamol overdose. While gastric lavage is used for numerous types of drug
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overdose, its use for the treatment of paracetamol toxicity has fallen out of favor as
there are more effective conventional treatments with better outcomes[79]. A study
looking at the use of MARS in acute liver failure patients showed that this system
could increase the removal of paracetamol and was associated with improved
survival times when compared to current standard therapy alone[80].

CLINICAL OUTCOMES
Outcomes of paracetamol overdose have been reported from numerous countries. A
study from Australia reported over 440 deaths from paracetamol in combination with
codeine from accidental overdose, with roughly 25% of these cases also involving
other sedating medications, such as antihistamines[81]. While paracetamol has been the
main cause of DILI in the United States and the England, it is less common in other
European countries, such as Portugal and Germany, only making up roughly 10% of
ALF cases according to the European Liver Transplant Registry (ELTR) database[82]. In
part, this could be from the increased usage of paracetamol intake in the United States
in comparison to European countries. A summary of clinical outcomes from
paracetamol-induced acute liver failure can be found in Table 2.
Recently, a multinational study, the Study of Acute Liver Transplantation
(SALT) [86] , identified cases where drug exposure, specifically nonsteroidal antiinflammatory drugs (NSAIDs) and paracetamol, had led to acute liver failure and
resultant registration for liver transplantation. Among all the individuals in the study,
there was no significant difference in the development of acute liver failure in the
setting of exposure to various NSAIDs with incidence of patients registered for liver
transplantation in these cases being rare. In comparison, paracetamol was associated
with a three-fold higher risk of being registered for liver transplantation from
associated acute liver injury in non-overdose levels and a seven-fold higher in
overdose levels of paracetamol exposure[86]. In a follow up study, Gulmez et al[87]
analyzed all the cases of individuals on the transplant registry and identified those
that had drug overdose with resultant liver failure. Of those, paracetamol was
responsible for one-sixth of all cases, and paracetamol overdose was responsible for
97% of all drug overdoses associated with acute liver failure. In response to the
findings of the SALT study, the EPIHAM study[88] was conducted to compare the risk
of non-overdose levels of paracetamol versus NSAIDs resulting in admission for acute
liver injury. However, the three-fold risk associated with paracetamol in
transplantation registry was not seen for acute liver injury in this study[88].
Acute liver failure from paracetamol toxicity has a high mortality rate of 30% if
there is no liver transplantation available[89,90]. Among intentional and accidental
overdose, the liver transplant-free survival rate was not found to significantly differ.
Prognostic criteria, such as the King’s College criteria, can be used to determine
appropriate candidates for liver transplantation referral based on those with expected
high mortality of over 80%[36,91]. As previously mentioned, those with phase three liver
injury and signs of progressive organ dysfunction, severe acidosis or multiorgan
failure have a poor prognosis and should be referred for possible liver
transplantation. Those patients that undergo liver transplantation due to paracetamol
liver failure have good clinical outcomes, with a 5-year survival of over 70%[59].

CONCLUSION
Paracetamol toxicity, albeit accidental or intentional overdose, is an ongoing global
problem that continues to result in cases of hepatotoxicity, acute liver failure, and
even irreversible liver injury necessitating liver transplantation. Given the increased
prevalence of combination medications in the form of pain relievers and
antihistamines, paracetamol remains a significant cause of acute hepatotoxicity, as
evidenced by paracetamol contributing to over half of acute liver failure cases in the
United States. This is especially concerning given that when co-ingested with other
medications, the rise in serum paracetamol levels may be delayed past the 4-hour
post-ingestion mark that is currently used to determine patients that require medical
therapy. Current research is exploring the outcomes of paracetamol-related DILI cases
and its relationship with liver transplantation as well as other treatment modalities.
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Table 2 Outcomes of acute liver failure from paracetamol among selected countries
Country

Acute liver failure from
paracetamol

Hepatic failure resulting in death Concomitant medication use/
or transplant
suicide attempts

Australia[81]

Not disclosed

Death in 8.8% of cases (39 deaths
total)

79% of cases with co-ingestion of
opioids or benzodiazepines

United Kingdom[83]

2163 cases (65% of total ALF cases)

Death in 36% of cases (778 deaths
total), 147 transplant cases

Not disclosed

United States[5]

120 cases (39% of total ALF cases)

Transplantation in 6% of cases,
mortality in 27% of cases

44 cases (37%) were suicide attempts

Portugal[84]

5 cases over 3 years (11% of total ALF 1 liver transplant case
cases)

Not disclosed

Germany[85]

10 cases (9.2% of total ALF cases)

Not disclosed

3 liver transplant cases, 1 death
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Abstract
BACKGROUND
Chronic hepatitis C (CHC) is associated with type 2 diabetes mellitus. Although
the pathogenesis remains to be elucidated, a growing evidence has suggested a
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role of pro-inflammatory immune response. Increased serum concentrations of
Interleukin 6 (IL-6) have been associated with insulin resistance, type 2 diabetes
mellitus as well as advanced forms of liver disease in chronic hepatitis C
infection.
AIM
To investigate the frequency of IL-6-174G/C (rs1800795) single nucleotide
polymorphism (SNP) in CHC patients and in healthy subjects of the same
ethnicity. Associations between type 2 diabetes mellitus (dependent variable) and
demographic, clinical, nutritional, virological and, IL-6 genotyping data were also
investigated in CHC patients.
METHODS
Two hundred and forty-five patients with CHC and 179 healthy control subjects
(blood donors) were prospectively included. Type 2 diabetes mellitus was
diagnosed according to the criteria of the American Diabetes Association.
Clinical, biochemical, histological and radiological methods were used for the
diagnosis of the liver disease. IL-6 polymorphism was evaluated by Taqman SNP
genotyping assay. The data were analysed by logistic regression models.
RESULTS
Type 2 diabetes mellitus, blood hypertension and liver cirrhosis were observed in
20.8% (51/245), 40.0% (98/245) and 38.4% (94/245) of the patients, respectively.
The frequency of the studied IL-6 SNP did not differ between the CHC patients
and controls (P = 0.81) and all alleles were in Hardy-Weinberg equilibrium (P =
0.38). In the multivariate analysis, type 2 diabetes mellitus was inversely
associated with GC and CC genotypes of IL-6-174 (OR = 0.42; 95%CI = 0.22-0.78;
P = 0.006) and positively associated with blood hypertension (OR = 5.56; 95%CI =
2.79-11.09; P < 0.001).
CONCLUSION
This study was the first to show that GC and CC genotypes of IL-6-174 SNP are
associated with a decreased risk of type 2 diabetes mellitus in patients chronically
infected with hepatitis C virus. The identification of potential inflammatory
mediators involved in the crosstalk between hepatitis C virus and the axis
pancreas-liver remains important issues that deserve further investigations.
Key words: Chronic Hepatitis C; Type 2 diabetes mellitus; Interleukin 6-174G/C gene
promoter single nucleotide polymorphism; Blood hypertension; Healthy control subjects
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Chronic hepatitis C is associated with type 2 diabetes mellitus. Previous studies
have demonstrated associations between increased serum concentrations of Interleukin 6
(IL-6) and type 2 diabetes and advanced forms of liver disease. However, the role played
by IL-6-174G/C single nucleotide polymorphism on the pathogenesis of hepatitis C
virus-associated type 2 diabetes remains to be elucidated. To the best of our knowledge,
this is the first study to demonstrate that the GC and GG genotypes of IL-6 are inversely
associated with type 2 diabetes. We believe that our results may contribute to the
understanding of the extra-hepatic manifestations in hepatitis C.
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Globally, an estimated 422 million adults have diabetes mellitus[1] and around 71
million people are living with hepatitis C virus (HCV) infection[2,3]. Over the past two
decades, an accumulating body of scientific evidence has been linked type 2 diabetes
mellitus to HCV infection [4-11] . Given the high prevalence and the worldwide
distribution of these two comorbidities, their association have an utmost impact on
public health[1-3].
In pioneering study, in 1898, Naunyn firstly described an association between liver
cirrhosis and diabetes mellitus that it is known as hepatogenous diabetes[12]. Hence,
cirrhosis per se might lead to glucose intolerance or diabetes mellitus. The prevalence
of diabetes in cirrhotic patients with non-alcoholic fatty liver disease, cryptogenic,
hepatitis C, and alcoholic hepatopathy ranges from 27.3% to 56.1%[13]. Regarding the
HCV and the non-alcoholic fatty hepatic disease we have to bear in mind that type 2
diabetes mellitus can be detected prior to the onset of hepatic cirrhosis[13-15] promoting
a vicious cycle of hyperglycaemia causing a worsening metabolic state. Thus,
altogether, glucose disturbed metabolism and HCV enhance the chronic inflammation
and might interact as a reciprocal feed-forward loop[16-19].
The pathogenesis of type 2 diabetes mellitus encompasses both different degrees of
insulin resistance and relative insulin deficiency[20,21]. Although, some mechanisms
underlying the modified glucose metabolism in HCV infection have been
elucidated[22-24], several aspects remain unknown. Additionally, Chronic hepatitis C
(CHC) patients with type 2 diabetes mellitus are likely to have an accelerated liver
disease progression, i.e., hepatic fibrosis, cirrhosis and hepatocellular carcinoma[25-28].
Various factors can be involved in this interaction including direct viral effects and
host factors, such as overweight and pro-inflammatory markers[16,17,29,30]. Among the
inflammatory markers, increased serum concentrations of interleukin-6 (IL-6) have
been associated with insulin resistance, type 2 diabetes mellitus as well as advanced
forms of liver disease in chronic hepatitis C infection[31-39].
Polymorphisms in the IL-6 gene, which may alter the expression of IL-6, have been
investigated in the context of metabolic disease and CHC[31,32,34-42]. The association
between the single nucleotide polymorphism (SNP) of IL-6 located in the promoter
region at the position-174G/C (rs1800795) and type 2 diabetes mellitus was first
reported in United States Pima Indians and Spanish Caucasians[43]. The C-allele was
significantly associated with a decreased risk of type 2 diabetes. However, in further
investigations these results have not been confirmed[34,39]. In the setting of hepatitis C,
IL-6 SNP polymorphisms have been associated with hepatic-and extra hepatic-related
outcomes, such as cirrhosis, hepatocellular carcinoma and poor quality of life[31,32,40-42].
Altogether, both in vitro experiments and clinical studies including healthy
individuals have demonstrated that the presence of C allele is associated with lower
levels of IL-6[44-46]. The interrelationship between decreased concentration of this
cytokine and IL-6-174 SNP is more pronounced in individuals carrying the CC
genotype[44-46].
Because the host’s immune response play an important role in extrahepatic
manifestations in subjects chronically infected with HCV, even before the onset of
hepatic cirrhosis, we hypothesized that IL-6-174G/G genotype, the IL-6 highproducer phenotype, may be associated to a high inflammatory profile that negatively
affects the course of type 2 diabetes mellitus in these patients. Additionally, these
factors may accelerate the liver fibrosis that also affects the insulin resistance. Thus,
we evaluated the frequency of IL-6-174G/C SNP in patients chronically infected with
HCV and in healthy subjects of the same ethnicity. Associations between type 2
diabetes mellitus (dependent variable) and demographic, clinical, nutritional,
virological and, IL-6 genotyping data were also investigated in CHC patients.

MATERIALS AND METHODS
Participants
From March 2017 to July 2019, we prospectively included 260 adult patients with
confirmed CHC diagnosis attending the Viral Hepatitis Outpatient Clinic, University
Hospital, Belo Horizonte, Brazil. The control group consisted of 179 consecutive
volunteer blood donors from the hemocenter of Felício Rocho Hospital (Hemoter Clínica Romeu Ibrahim de Carvalho), Belo Horizonte, Brazil. The Viral Hepatitis
Outpatient Clinic is an outpatient care ambulatory of a metropolitan tertiary teaching
hospital that admits patients for the treatment of viral chronic hepatitis. All
participants signed the informed consent form. The study was designed and
conducted in accordance with the Declaration of Helsinki and was approved by the
Ethics Committee of Federal University of Minas Gerais/UFMG (ETIC 0404.0.203.00010).
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The exclusion criteria were: Pregnancy, breastfeeding, hepatic encephalopathy,
HBV/HCV or HCV/HIV co-infection, current antiviral, use of non-steroidal antiinflammatory drugs or corticosteroids, and the presence of advanced disease such as
chronic kidney disease, heart failure, chronic pulmonary disease, chronic pancreatitis
and neoplasia, including hepatocellular carcinoma.
Clinical, biochemical, histological and radiological methods were performed for the
diagnosis of the liver disease[47,48]. The severity of liver dysfunction was assessed by
the Child-Pugh-Turcotte score[49]. Compensated cirrhosis was defined as the absence
of variceal bleeding, ascites and oedema, jaundice or symptomatic encephalopathy on
physical examination, and decompensated cirrhosis as the presence of any of these
complications [50] . The aspartate amino transferase to platelet ratio index [51] was
calculated for each participant based on medical data.
The diagnosis of type 2 diabetes mellitus was based on documented use of oral
hypoglycaemic medication or insulin; random plasma glucose levels ≥ 200 mg/dL in
the presence of classic symptoms of hyperglycaemia or hyperglycaemic crisis; fasting
plasma glucose ≥ 126 mg/dL on two occasions; 2 h plasma glucose ≥ 200 mg/dL
during oral glucose tolerance test or haemoglobin A1c ≥ 6.5% on two occasions[52].
Blood hypertension was diagnosed according to the 2018 European Society of
Hypertension/European Society of Cardiology Guidelines[53].
An expert nutritionist carried out all nutritional evaluations. Weight and height
were measured with a mechanical platform scale (FILIZOLA®, São Paulo, Brazil).
Body mass index was calculated using the formula, Body mass index =
weight/height2 and the nutritional status of the patients were determined according
to the World Health Organization criteria[54]. Elderly individuals were classified
according to the Lipschitz classification[55].
Furthermore, an in-person interview was conducted using instruments to assess the
sociodemographic and clinical characteristics of the patients. Fifteen patients were not
included: Twelve patients who had initially agreed to take part in this study failed to
complete the questionnaires; three patients were excluded because blood sample was
inadequate for genotyping. Two hundred and forty-five patients and 179 healthy
subjects remained in the study.
All participants were from a similar socioeconomic level, as assessed by a
previously validated questionnaire[56], which was based on income and educational
level, as well as similar cultural habits. All subjects were natives of Minas Gerais, state
in the south-eastern region of Brazil with the following ethnic background: 56.0% of
European ancestry, 32.0% of African ancestry and 12.0% of Amerindian ancestry
homogeneously present in each patient, irrespective of their phenotype[57].

Laboratory parameters
Blood samples were obtained from each subject after an overnight fasting for cytokine
genotyping and biochemical assessments. Alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyl transpeptidase alkaline phosphatase, albumin,
total bilirubin, prothrombin time and hemogram were evaluated by using Vitros®
5600 (Ortho Clinical Diagnosis, Raritan, NJ, United States).
HCV genotype was determined by a line probe assay (VERSANT HCV genotyping
assays; Bayer’s Diagnostic Corporation, Tarrytown, NY, United States ) and viral load
assessed by a commercial test (CobasTaqMan HCV test V.2.0; Roche Molecular
Systems, Pleasanton, CA, United States). The assays were carried out according to the
manufacturers’ recommendations.
Aliquots of leukocytes and plasma were stored at -80 ºC until analysis.

DNA extraction and genotyping of IL-6
DNA was extracted from the leukocytes with the QIAmp DNA mini kit (QIAGEN
GmbH, Hilden, Germany) according to the manufacturer's recommendations. DNA
concentration and purity were evaluated by spectrophotometry (NanoDrop Lite
Spectrophotometer, Thermo Scientific, Waltham, MA, United States). DNA
concentration was determined by absorbance at 260 nm and purity was assessed by
the absorbance ratio at 260/280 nm. The DNA of the samples was stored at -20 °C
before use.
IL-6-174G/C (rs1800795) genotyping was Taqman assayed by Real Time PCR
System 7.500 (Applied Biosystems, Thermo Scientific, Foster City, CA, United States )
by using oligonucleotide primers previously described by Fishman et al [44] . The
sequence of synthetic probes and reaction conditions are described in Table 1.

Statistical analysis
The Hardy-Weinberg equilibrium of alleles at individual loci was assessed by twotailed χ2 test or Fisher’s exact test.
Data were analysed with SPSS statistical software package version 17.0 (SPSS Inc.,

WJH

https://www.wjgnet.com

140

April 27, 2020

Volume 12

Issue 4

da Silva CB et al. IL-6 polymorphism and type 2 diabetes in chronic HCV

Table 1 Probes and conditions used in the polymerase chain reaction to genotype interleukin 6 single nucleotide polymorphism at
position-174 (rs1800795)
IL-6 Gene-174 (rs1800795)
ACTTTTCCCCCTAGTTGTGTCTTGC[C/G]ATGCTAAAGGACGTCACAT 60 ºC–1 min; 95 ºC–10 min; 50 cycles (95 ºC–15 s, 60 ºC–90 s) and 60 ºC–1 min
TGCACA
IL-6: Interleukin 6.

Chicago, IL, United States). Descriptive statistics were used to provide information
regarding demographic, clinical, nutritional, virological, and genetic data. The
Shapiro-Wilk test was used to evaluate whether the data were normally distributed.
The asymptotic Pearson’s χ2 test was used to compare the percentages. The Student's
t-test or ANOVA was used to compare the means and the two-tailed Mann-Whitney
U test was used for medians.
The associations of each variable including IL-6-174G/C, sex, increasing age, blood
hypertension, nutritional status, liver fibrosis stage (chronic hepatitis and cirrhosis)
with type 2 diabetes mellitus were tested in univariate analysis. All variables with P
values < 0.20 were included in the full model of logistic regression. Odds ratio and
95%CI were used as an estimate of the risk. The Hosmer-Lemeshow test was used to
assess the adequacy of the models. Variables that had missing data > 10% were not
selected for the models of multivariate analysis. P values ≤ 0.05 were considered
significant.

RESULTS
Distribution of the IL-6 genotypes in CHC patients and controls (blood donors)
The frequencies of the IL-6 SNP did not differ between CHC patients and blood
donors (Table 2). All alleles were in Hardy-Weinberg equilibrium in the control group
(P > 0.95) and in the CHC patients (P > 0.38) as shown in Table 2.

Demographic and clinical characteristics of CHC patients
Among the 245 patients with CHC, 94 (38.4%) had cirrhosis [Child-Turcotte-Pugh
score A5, 60 (63.8%); A6, 21 (22.3%); B7, 6 (6.4%); B8, 4 (4.3%); B9, 2 (2.1%); C10, 1,
(1.1%)]. The mean age of the patients was 51.8 ± 11.4 years and 129 (52.7%) were
males.
Cirrhosis was significantly more frequent (P = 0.03) in males (61.7%) than in
females (38.3%). The patients with cirrhosis (53.5 ± 8.8 year) were older (P = 0.05) than
those without (50.8 ± 12.7 year). Overweight tended to be more frequent (P = 0.08) in
the CHC patients without (64.9%) than in those with cirrhosis (53.2%).
There was no significant difference (P = 0.11) in blood hypertension rate between
CHC patients with cirrhosis (46.8%) and those without (35.8%). The frequency of type
2 diabetes did not differ (P = 0.33) between the two groups (24.5% in cirrhotic and
18.5% in non-cirrhotic patients).

HCV viral load and genotype in patients with CHC
There was no significant difference (P = 0.58) in the viral load between patients
without [HCV-RNA log10 (IU)/mL, 5.93 (interquartile range: 5.46-6.39)] and those
with cirrhosis [5.86: (interquartile range: 5.34-6.20)]. Also, the frequency of HCV
Genotype 1 in patients without cirrhosis [109/126 (86.5%)] did not differ (P = 0.25)
from that of patients with [61/78 (78.2%)]. The quantification of viral load and HCV
genotyping were available in 213/245 (86.9%) patients.

Characteristics of CHC patients with and without type 2 diabetes mellitus
Fifty-one (20.8%) patients had type 2 diabetes mellitus that was significantly more
frequent in older patients (Table 3). The prevalence of blood hypertension was higher
in type 2 diabetes mellitus than in those without the disease (Table 3). Lower
frequency of IL-6-174G/C and C/C genotypes was observed in patients when
compared to those without type 2 diabetes mellitus (Table 3).

Factors associated with type 2 diabetes mellitus in patients with chronic hepatitis C
In the univariate analysis, type 2 diabetes mellitus was associated with old age, blood
hypertension, body mass index, and the GC and CC genotypes of IL-6-174 (Table 3).
In the multivariate analysis, type 2 diabetes mellitus remained inversely associated
with the GC and CC genotypes of IL-6-174 and positively associated with blood
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Table 2 The interleukin genotype distribution in patients with chronic hepatitis C (n = 245) and
healthy controls (n = 179)
Variables

CHC, n (%)

Control, n (%)

C/C

18 (7.3)

13 (7.3)

G/C

85 (34.7)

68 (38.0)

G/G

142 (58.0)

98 (54.7)

Total

245 (100)

179 (100)

HWE (P value)

0.38

0.95

P value

IL-6 genotypes
-174

0.81

The asymptotic Pearson’s χ2 test was used to compare categorical variables. P ≤ 0.05 were considered
significant. n: Number of subjects; CHC: Chronic hepatitis C; IL-6: Interleukin-6; HWE: Hardy-Weinberg
Equilibrium.

hypertension (Table 4).

DISCUSSION
Impaired glucose tolerance and type 2 diabetes mellitus have been reported to
frequently occur in patients with chronic HCV infection independently of the hepatic
disease severity[26,58,59]. In consonance with the literature, we found a high prevalence
of the type 2 diabetes mellitus in our patients[5,7,60,61]. Although there is a sizeable body
of scientific evidence linking glucose disturbed metabolism and hepatitis C, the
biological mechanisms behind the concurrence of these conditions have not been
completely clarified yet.
To the best of our knowledge, this is the first study to demonstrate that the GC and
GG genotypes of IL-6-174 are inversely associated with type 2 diabetes mellitus in
patients chronically infected with HCV. In the current study, CHC patients with type
2 diabetes mellitus had lower frequency GC and CC IL-6-174 genotypes compared to
those without diabetes. Although, several investigations have shown that subjects
carrying the GC and CC genotypes of IL-6 SNP had a decreased risk of type 2 diabetes
mellitus[34-38], the association has not found by others[34,39], which may be due to the
differences in the study designs and/or genetic ancestry of the populations.
Concerning the chronic liver diseases, the IL-6-174G/C polymorphism has been
associated with both fibrosis progression and hepatocellular carcinoma
development[41,62,63] in patients with CHC. The majority of the studies has verified an
association between the presence of the high producer genotype (GG) and poor
outcome in patients with the hepatopathy[31,32,40,41,62,63].
Patients with CHC, with insulin resistance or type 2 diabetes mellitus are likely to
have a more complicated course of the infection[24-27]. Based on previous reports, it is
important to keep in mind, if on the one hand insulin resistance is recognized as a risk
factor for the progression of HCV-related liver disease[26-29,31,32], on the other hand,
preceding HCV infection significantly increases the risk of developing type 2 diabetes
mellitus[7]. Additionally, diabetic patients are at an increased risk of acquiring HCV
infection[64-66]. Thus, this two-way interface, i.e., the relationship linking HCV and type
2 diabetes mellitus, is possibly determined by complex and multifaceted interactions
among the hepatitis virus, the environment and the host. Our current data show that
neither different HCV genotypes nor viral load was significantly associated with type
2 diabetes mellitus. In this scenario, the host-related factors should be highlighted.
HCV infection and type 2 diabetes mellitus are associated with increased
production of IL-6, a pro-inflammatory cytokine that plays a crucial role in viral
induced liver damage[17,29,31-41,61,62], and may cause insulin resistance in adipose tissue,
skeletal muscle and liver by inhibiting insulin signal transduction[67,68]. Therefore, the
results of the current study pointed to the role of IL-6 pathway in mediating both liver
injury and disturbed glucose metabolism in CHC patients. Furthermore, even in the
era of direct antiviral agents (DAAs), that has been causing dramatic changes in the
treatment of CHC [69] , the evidences of the current investigation should not be
disregarded. Although most of the studies have demonstrated that HCV clearance by
DAA treatment reverses or improves the insulin resistance[11,28,69,70], in a more recent
investigation, the authors observed that successful hepatitis C virus treatment among
patients with type 2 diabetes significantly reduces glycated haemoglobin shortly after
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Table 3 Demographic, clinical comorbidity, nutritional status, liver fibrosis stage, virological, cytokine genotyping data of the chronically
hepatitis C virus-infected patients with (n = 51) and without type 2 diabetes (n = 194)
Variables

Type 2 diabetes, n (%)

Non-type 2 diabetes, n (%)

P value

Male

27 (52.9)

102 (52.6)

1.0

Female

24 (47.1)

92 (47.4)

Age (yr)1

55.5 ± 9.6

50.9 ± 11.7

0.01

36 (70.6)

62 (32.0)

< 0.001

27.0 (24.1-29.7)

25.6 (23.5-28.4)

0.11

Chronic hepatitis C

28 (54.9)

123 (63.4)

0.34

Liver cirrhosis

23 (45.1)

71 (36.6)

Viral load HCV-RNA [Log10 (IU/mL)]2

5.98 (5.66-6.24)

5.84 (5.30-6.40)

0.38

Genotype 1

40/45 (88.9)

130/159 (81.7)

0.37

G/G

37 (72.5)

105 (54.1)

G/C

13 (25.5)

72 (37.1)

C/C

1 (2.0)

17 (8.8)

Total

51 (100.0)

194 (100.0)

HWE (P value)

0.65

0.47

Demographic

Clinical comorbidity
Blood hypertension
Nutritional status
Body mass index (Kg/m2)2
Stage of liver disease

Virological parameters

IL-6 polymorphism
IL-6-174G/G genotypes

0.04

1

mean ± SD.
Median and IQR, 25th-75th percentile. HCV: Hepatitis C virus; n: Number of subjects; IL: Interleukin; HWE: Hardy-Weinberg Equilibrium. The asymptotic
Pearson’s χ2 test was used to compare categorical variables. The t test and Mann-Whitney U test were used for comparison of means and medians,
respectively. P ≤ 0.05 were considered significant.
2

treatment, but not for a long time[71]. In addition, Hengst et al[72] demonstrated that
DAA-induced viral clearance does not fully re-establish the modified cytokine and
chemokine milieu in CHC patients [72] . These evidences aligned with our results
reinforce the role played by the immune-mediated mechanisms in the pathogenesis of
insulin resistance and diabetes in HCV chronic hepatitis.
In the present study, in addition to IL-6 SNP, arterial hypertension was associated
with type 2 diabetes mellitus. Studies have demonstrated that cardiovascular diseases,
hypertension and diabetes are strongly correlated to each other[73]. Their powerful
relationship have also been observed in patients chronically infected with HCV[74,75].
The limitations of our study should also be considered. First, the subjects included
were recruited from a referral centre and, consequently, may not be representative of
all patients with CHC. Second, the cross-sectional nature of the investigation hindered
the likelihood to recognize any cause-effect relationship between type 2 diabetes
mellitus and IL-6 SNP in hepatitis C. Furthermore, another limitation is the lack of
data on the serum concentrations of IL-6 of patients and controls; however, the
functional significance of the studied polymorphism is well understood[44-46].
In the current study, we demonstrated for the first time that the IL-6-174G/C gene
promoter polymorphism is inversely associated with type 2 diabetes mellitus in
patients with CHC. This finding reinforces the need for additional investigations
focusing on the biological mechanisms of diabetes mellitus in patients chronically
infected with HCV. The identification of potential inflammatory mediators involved
in the crosstalk between HCV and the pancreas-liver axis remains important issues
that deserve further investigations. Moreover, better understanding of these processes
may positively affect the management strategies for reducing the extra-hepatic
manifestations and their negative impact on health status in CHC patients.
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Table 4 Variables associated with diabetes mellitus in patients with chronic hepatitis C
Multivariate analysis
Variables
OR

95%CI

P value

Age

1.01

0.98-1.05

0.43

Body mass index

1.03

0.96-1.09

0.45

Hypertension

5.56

2.79-11.09

< 0.001

IL-6-174 G/C (GC and CC)

0.42

0.22-0.78

0.006

CI: Confidential interval; IL-6: Interleukin 6; OR: Odds ratio.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis C (CHC) is associated with an elevated prevalence of type 2 diabetes mellitus.
Although, some mechanisms underlying the modified glucose metabolism in hepatitis C virus
(HCV) infection have been elucidated, several aspects remain unknown. Growing scientific
evidence has suggested a role of pro-inflammatory immune response. Increased serum
concentrations of interleukin-6 (IL-6) have been associated with insulin resistance, type 2
diabetes mellitus as well as advanced forms of liver disease in chronic hepatitis C infection.

Research motivation
Patients with CHC, with insulin resistance or type 2 diabetes mellitus are likely to have a more
complicated course of the infection. Based on previous reports, it is important to keep in mind, if
on the one hand insulin resistance is recognized as a risk factor for the progression of HCVrelated liver disease, on the other hand, preceding HCV infection significantly increases the risk
of developing type 2 diabetes mellitus. Additionally, diabetic patients are at an increased risk of
acquiring HCV infection. Thus, this two-way interface, i.e., the relationship linking HCV and
type 2 diabetes mellitus, is possibly determined by complex and multifaceted interactions among
the hepatitis virus, the environment and the host.

Research objectives
The objectives of this study were therefore to investigate the frequency of IL-6-174G/C
(rs1800795) single nucleotide polymorphism in CHC patients and in healthy subjects of the same
ethnicity. Furthermore, the association between type 2 diabetes mellitus (dependent variable)
and demographic, clinical, nutritional, virological and IL-6 genotyping data was also evaluated
in patients chronically infected with HCV.

Research methods
Two hundred and forty-five patients with CHC and 179 healthy control subjects (blood donors)
were prospectively included. Type 2 diabetes mellitus was diagnosed according to the criteria of
the American Diabetes Association. Clinical, biochemical, histological and radiological criteria
were applied to make the diagnosis and staging of the liver disease. IL-6-174G/C (rs1800795)
genotyping was Taqman assayed by Real Time PCR System 7.500 by using oligonucleotide
primers previously described by Fishman et al[44]. The Hardy-Weinberg equilibrium of alleles at
individual loci was assessed by two-tailed chi-square test or Fisher’s exact test. The associations
of each variable including IL-6-174G/C, sex, increasing age, blood hypertension, nutritional
status, liver fibrosis stage (chronic hepatitis and cirrhosis) with type 2 diabetes mellitus were
tested in univariate analysis. All variables with P values < 0.20 were included in the full model of
logistic regression. Odds ratio (OR) and 95%CI were used as an estimate of the risk. P values ≤
0.05 were considered significant.

Research results
Type 2 diabetes mellitus, blood hypertension and liver cirrhosis were observed in 20.8%
(51/245), 40.0% (98/245) and 38.4% (94/245) of the patients, respectively. The frequency of the
studied IL-6 single nucleotide polymorphism did not differ between the CHC patients and
controls (P = 0.81) and the alleles were in Hardy-Weinberg equilibrium (P = 0.38). In the
multivariate analysis, type 2 diabetes mellitus was inversely associated with GC and CC
genotypes of IL-6-174 (OR = 0.42; 95%CI = 0.22-0.78; P = 0.006) and positively associated with
blood hypertension (OR = 5.56; 95%CI = 2.79-11.09; P < 0.001).

Research conclusions
In the current study, we demonstrated for the first time that the IL-6-174G/C gene promoter
polymorphism is inversely associated with type 2 diabetes mellitus in patients with CHC. This
finding reinforces the need for additional investigations focusing on the biological mechanisms
of diabetes mellitus in patients chronically infected with HCV.

Research perspectives
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The identification of potential inflammatory mediators involved in the crosstalk between HCV
and the axis pancreas-liver remains important issues that deserve further investigations.
Moreover, better understanding of these processes may positively affect the management
strategies for reducing the extra-hepatic manifestations and their negative impact on health
status in CHC patients.
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BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a common disorder, with an
estimated prevalence ranging from 20% to 35% in the general population. Several
scores based on easily measurable biochemical and clinical parameters, including
the fatty liver index (FLI), hepatic steatosis index (HSI), lipid accumulation
product (LAP), and NAFLD liver fat score (LFS), have been developed for the
detection of NAFLD. However, comparative information regarding the efficacy
of these scores for predicting NAFLD in population-based samples comprising
normal and high-risk individuals is lacking.
AIM
To evaluate four NAFLD detection scores in two samples with different NAFLD
risks.
METHODS
NAFLD screening was performed in a population-based sample of 50-year-old
individuals in Uppsala, Sweden [n = 310; Prospective investigation of obesity,
energy and metabolism (POEM) study] and a high-risk population comprising
patients with a body mass index > 25 kg/m2 and either high plasma triglycerides
(≥ 1.7 mmol/L) or type 2 diabetes (n = 310; EFFECT studies). NAFLD was
defined as liver fat > 5.5% using magnetic resonance imaging-proton density fat

https://www.wjgnet.com

149

April 27, 2020

Volume 12

Issue 4

Lind L et al. Comparison between four NAFLD detection scores

Data sharing statement: Data
underlying the findings described
in this manuscript may be obtained
in accordance with AstraZeneca’s
data sharing policy described at
https://astrazenecagrouptrials.pha
rmacm.com/ST/Submission/Discl
osure.

STROBE statement: The authors
have read the STROBE Statementchecklist of items, and the
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (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: December 20, 2019
Peer-review started: December 20,
2019

First decision: January 6, 2020
Revised: March 16, 2020
Accepted: March 22, 2020
Article in press: March 22, 2020
Published online: April 27, 2020
P-Reviewer: Alam S, Tsukanov V,
Villela-Nogueira C
S-Editor: Zhang L
L-Editor: A
E-Editor: Wu YXJ

fraction. FLI, HSI, LAP, and NAFLD LFS were assessed. A logistic regression
model was used to evaluate the effectiveness of the different scores.
RESULTS
The prevalence of NAFLD was 23% in POEM. FLI showed the highest receiver
operating characteristic area under the curve (ROC AUC; 0.82) and was
significantly better than the LAP score (P = 0.005 vs LAP, P = 0.08 vs LFS, P = 0.12
vs HSI) for detection of NAFLD. The other three indices performed equally in
POEM (0.77-0.78). The prevalence of NAFLD was 74% in EFFECT; LFS performed
best (ROC AUC 0.80) in this sample. The ROC AUC for LFS (0.80) was
significantly higher than that for FLI (P = 0.0019) and LAP (P = 0.0022), but not
HSI (P = 0.11). We performed a sensitivity analysis with stratification for the two
high-risk subgroups (patients with diabetes or hypertriglyceridemia) from the
EFFECT studies. LAP performed best in patients with hypertriglyceridemia. No
major differences were observed between the other scores.
CONCLUSION
The four investigated NAFLD scores performed differently in the
populationbased vs high-risk setting. FLI was preferable in the population-based
setting, while LFS performed best in the high-risk setting.
Key words: Comparison; EFFECT studies; Fatty liver; Non-alcoholic fatty liver disease;
Non-invasive indices; Screening
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Several non-invasive indices based on routinely available biochemical and
physical parameters have been developed for the detection of non-alcoholic fatty liver
(NAFLD) disease. However, data comparing the efficacy of these indices within a
population-based sample are lacking. Here we compared four non-invasive indices,
namely, fatty liver index, lipid accumulation product, hepatic steatosis index, and liver
fat score, in a population-based (Prospective investigation of obesity, energy and
metabolism study) sample and a high-risk (EFFECT studies) sample. Our study
demonstrated differences in NAFLD detection between the scores in the two samples. Of
the four evaluated scores, fatty liver index was preferable in the population-based sample
(NAFLD prevalence, 23%), whereas liver fat score performed best in the high-risk
sample (NAFLD prevalence, 73%).

Citation: Lind L, Johansson L, Ahlström H, Eriksson JW, Larsson A, Risérus U, Kullberg J,
Oscarsson J. Comparison of four non-alcoholic fatty liver disease detection scores in a
Caucasian population. World J Hepatol 2020; 12(4): 149-159
URL: https://www.wjgnet.com/1948-5182/full/v12/i4/149.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i4.149

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common disorder, with an estimated
prevalence ranging from 20% to 35% in the general population; the prevalence is
approximately doubled in the obese population[1-4]. NAFLD can be diagnosed using
liver biopsies, ultrasound, magnetic resonance imaging (MRI), or spectroscopy;
however, these investigations may not be readily available in primary care. Thus, the
general physician should have simple tools available to use for screening, since not all
obese subjects could be referred to imaging or biopsy.
In order to identify simpler and cost-effective approaches to diagnose NAFLD,
several scores based on easily measurable biochemical and clinical parameters, such
as the fatty liver index (FLI)[5], hepatic steatosis index (HSI)[6], lipid accumulation
product (LAP)[7], and NAFLD liver fat score (LFS)[8], have been developed. However,
only one study has evaluated these scores directly in the same population, using
population-based NHANES data and ultrasound to diagnose NAFLD[9]; this study
found that LFS was the best score for NAFLD detection.
MRI-proton density fat fraction (PDFF) can quantitatively assess the degree of liver
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steatosis as percent of the liver volume and can more accurately detect mild steatosis
compared to ultrasound[10]. Since the extent to which the different scores can predict
NAFLD in a high-risk individual vs a non-selected individual is unknown, the present
study was conducted to compare the ability of the abovementioned four scores to
predict NAFLD in two sample sets, a population-based sample and a sample at high
risk for NAFLD, using MRI-PDFF, which can accurately quantify liver fat values. In
both the samples, NAFLD was diagnosed by MRI-PDFF using the median of the fat
fraction values inside the delineated total liver volume. The hypothesis tested was
that the different scores performed differently in the two samples.

MATERIALS AND METHODS
Study populations
The EFFECT studies: In the EFFECT I study (ClinicalTrials.gov NCT02354976)[11],
screened patients were eligible for inclusion in the treatment part of the study
provided they were 40-75 years old and had a body mass index (BMI) of 25-40 kg/m2,
serum triglyceride level of 1.7 mM (150 mg/dL) or higher, and liver PDFF > 5.5% of
liver volume. Exclusion criteria were as follows: Patients with diabetes mellitus, a
history of other hepatic disease, an inability to undergo MRI scanning, and a
significant alcohol intake (over 14 units per week for both women and men).
The EFFECT II study (ClinicalTrials.gov NCT02279407)[12] had similar inclusion and
exclusion criteria to the EFFECT I study, with the exception that eligible patients must
have had a prior history of type 2 diabetes, and serum triglyceride levels were not
considered for inclusion.
Thus, only data from the screening parts of the EFFECT I and II studies, including
both patients who were randomized and screen failures, were used in the present
study (Table 1). Data from 140 and 170 patients in the EFFECT I and EFFECT II
studies, respectively, for whom a successful MRI liver scan was performed were
pooled as a high-risk sample for NAFLD. Further details on the EFFECT I and II
studies have recently been published[11,12].
The prospective investigation of obesity, energy and metabolism study: The
prospective investigation of obesity, energy and metabolism (POEM) study was a
population-based study investigating individuals (all aged 50 years) from Uppsala[13].
Of 502 individuals recruited (50% women), a successful MRI liver scan was performed
in 310 individuals (Table 1).
None of these subjects reported a significant alcohol intake, as defined above for
EFFECT I and II participants.

Liver fat measurement using MRI
MRI was used to determine PDFF using a water-fat separated scan with large liver
coverage collected in a single breath hold as described earlier[11,12]. The body coil was
used to collect a spoiled, threedimensional, six-gradient echo with axial orientation.
For the EFFECT studies, imaging was performed at seven different sites. Six of these
used a 1.5T scanner and one used a 3T system. One of the sites used water-fat
reconstruction supplied by the system vendor. Data from the other sites and from the
POEM study were reconstructed using an in-house developed software that included
T2 and a multi-peak lipid spectrum in the signal model. The POEM study data were
collected on a 1.5T system. Images from the EFFECT studies were sent for centralized
analysis at the imaging core laboratory at Antaros Medical (Mölndal, Sweden), and
the POEM MRI data were analyzed at the Department of Radiology, Uppsala
University. The liver was segmented by trained operators from the axial slices of the
water image using the software ImageJ (National Institutes of Health, Bethesda,
Maryland, United States, https://imagej.nih.gov/ij/). The border of the liver was
avoided to reduce partial volume effects. Analysis of the EFFECT data was performed
by one trained operator and POEM data by another operator. PDFF was determined
using the median of the fat fraction values inside the delineated liver volume. The
coefficient of variation for repeated examinations and analyses of liver PDFF was
5.3%, as determined by test–retest scanning and analysis of data from 10 healthy
volunteers.

Blood analyses
The EFFECT studies: Fasting blood samples were collected in the morning. Patients
were instructed to fast for a minimum of 10 h. Plasma glucose levels were analyzed
using a hexokinase enzymatic method with a Glucose HK Gen.3 reagent kit (Roche
Diagnostics, Indianapolis, IN, United States). Plasma insulin levels were measured
using the Access Ultrasensitive Insulin assay (Beckman Coulter, Inc., Brea, CA, United
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Table 1 Basic characteristics of the EFFECT and prospective investigation of obesity, energy
and metabolism samples
EFFECT sample

POEM sample

Variable

n

mean ± SD or proportion

n

mean ± SD

Age (yr)

310

64.6 ± 7.2

310

50.1 ± 0.1

Sex (% female)

310

39

310

51

Systolic blood pressure (mmHg)

310

143 ± 17

310

125 ± 16

Weight (kg)

310

90 ± 13

310

80 ± 15

Height (cm)

310

172 ± 9

310

173 ± 10

Waist circumference (cm)

310

107 ± 11

310

92 ± 11

BMI (kg/m2)

310

30.4 ± 3.4

310

26.4 ± 4.3

Diabetes medication (%)

310

41

310

2.2

Statin treatment (%)

310

39

310

4.1

Antihypertensive treatment (%)

310

57

310

7.3

Fasting glucose (mmol/L)

308

7.4 ± 2.0

310

5.09 ± 0.78

Fasting insulin (mU/L)

306

10.9 ± 6.9

309

6.49 ± 9.49

Serum cholesterol (mmol/L)

308

5.51 ± 1.41

310

5.29 ± 1

Serum triglycerides (mmol/L)

308

2.14 ± 1.16

310

1.15 ± 0.7

HDL-cholesterol (mmol/L)

308

1.34 ± 0.37

310

1.39 ± 0.37

LDL-cholesterol (mmol/L)

308

3.47 ± 1.23

310

3.39 ± 0.87

ALT (ukat/L)

307

0.62 ± 0.45

307

0.45 ± 0.15

AST (ukat/L)

301

0.51 ± 0.24

307

0.34 ± 0.15

Liver PDFF (%)

310

13.2 ± 9.5

310

4.2 ± 5.4

NAFLD (%)

310

75

310

23

Metabolic syndrome (%)

308

81

310

15

P < 0.001 for differences between the two samples for all variables except height, LDL and HDL-cholesterol,
which did not show statistical significance. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; NAFLD: Nonalcoholic fatty liver disease; PDFF: Proton density fat fraction; POEM: Prospective investigation of obesity,
energy and metabolism; SD: Standard deviation.

States), a simultaneous one-step immunoenzymatic (sandwich) assay. Serum levels of
total cholesterol and triglycerides were measured using the Cholesterol Gen.2 reagent
and Triglyceride reagent, respectively (Roche Diagnostics). Highdensity lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDLC) concentrations
were measured using direct HDL-C and LDL-C assays (HDLC3 third generation
reagents and LDL-C plus second generation assay; Roche Diagnostics). Other analytes
such as gamma-glutamyl transferase (GGT), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) were measured in the local hospitals using
conventional methods[11,12].
The POEM study: All samples were collected in the morning after an overnight fast.
Fasting plasma glucose and lipids were measured by conventional methods at the
clinical chemistry laboratory at the University Hospital in Uppsala. Serum insulin was
measured using a microtiter-based enzyme-linked immunosorbent assay (ELISA; 101113-01, Mercodia, Uppsala, Sweden). The assay was calibrated against the first
international reference preparation 66/304 for human insulin[13].

Fatty liver disease algorithms
FLI was calculated using the following formula[5].
HSI was calculated using the following formula[6]: HSI = 8 × ALT/AST ratio + BMI
(+ 2, if diabetes mellitus; + 2, if female). LAP was calculated using the following
formula[7]: LAP = (waist − 65) × triglycerides in men and (waist − 58) × triglycerides in
women. NAFLD LFS was calculated using the following formula[8]: LFS = −2.89 +
[1.18 × MetS (Yes: 1, No: 0)] + [0.45 × diabetes mellitus (Yes: 2, No: 0)] + (0.15 ×
insulin) + (0.04 × AST) – [0.94 × (AST/ALT)].
Where MetS is the metabolic syndrome according to the International Diabetes
Federation criteria[14].
Both the EFFECT studies and the POEM study were approved by the Ethics
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Figure formula

Committee of Uppsala University, and all participants have given their informed
consent.

Statistical analysis
To evaluate the effectiveness of the four different scores in predicting NAFLD, a
logistic regression model was used with liver PDFF > 5.5% (binary) as the dependent
variable and the score as the independent variable. From the logistic regression
model, the area under the curve (AUC) for sensitivity vs 1–Specificity was calculated.
To compare the AUC values from the two sample sets, their respective logistic
regression models were compared by C-statistics.
For the exploratory analysis, a logistic regression model was used with NAFLD
(binary) as the dependent variable and the variables included in the LFS equation as
the independent variables. A backward stepwise procedure was used to eliminate
independent variables with P > 0.05.
STATA14 (Stata Inc., College Station, TX, United States) was used for all analyses.

RESULTS
General population (POEM study)
Very few subjects (n = 5) with liver fat > 5.5%, indicating NAFLD, had a BMI < 25
kg/m2 (Figure 1). The prevalence of NAFLD was 23% in the population-based sample.
FLI showed the highest receiver operating characteristic (ROC) AUC value (0.82),
while the ROC AUC values for the other three indices were similar (0.77-0.78; Figure
2, Table 2). However, the ROC AUC for FLI showed a significant difference only with
respect to the LAP score (P = 0.005), but not vs LFS (P = 0.08) or HSI (P = 0.12).

High-risk population (EFFECT studies)
The relationship between BMI and liver fat in the EFFECT studies is shown in Figure
3. The prevalence of NAFLD was 74% in the high-risk sample. LFS showed the
highest ROC AUC value (0.80; Figure 4), and the ROC AUC for LFS was significantly
higher than that for FLI (P = 0.0019) and LAP (P = 0.0022), but not HSI (P = 0.11).
Since the EFFECT studies consisted of two overweight/obese high-risk subgroups,
namely, patients diagnosed with diabetes or hypertriglyceridemia, we performed a
sensitivity analysis with stratification for these two subgroups.
No major differences in the detection of NAFLD were observed between the two
subgroups, except for LAP, which performed best in patients with hypertriglyceridemia (Table 3).

Exploratory analysis
LFS showed the highest ROC AUC value in the high-risk population. Since LFS is
rather cumbersome to calculate due to the many variables included in the LFS
equation, we investigated whether the number of variables included could be reduced
without any loss in ROC AUC. Using the regression coefficients from the logistic
regression analysis, the formula 0.27 × fasting insulin (mU/L) − 2.6 × AST/ALT ratio
resulted in a higher ROC AUC than that for the original LFS, but this was not
statistically significant (simplified LFS ROC AUC, 0.8404; original LFS, 0.7994; P =
0.12) in the high-risk population. However, in the population-based sample, the
simplified version of LFS resulted in a lower ROC AUC than that for the original LFS
(simplified LFS ROC AUC, 0.7464; original LFS, 0.7774; P = 0.33). Furthermore, the
ROC AUC for the simplified LFS was lower than that for FLI in the population-based
sample (P = 0.039 for difference) but was not higher than that for the other scores.

DISCUSSION
In accordance with our hypothesis, the NAFLD scores investigated demonstrated
different NAFLD detection abilities in the two samples. Of the four evaluated scores,
FLI was preferable in the population-based sample (NAFLD prevalence, 23%),
whereas LFS performed best in the high-risk sample (NAFLD prevalence, 73%). The
prevalence of the NAFLD scores found in this study were similar to those found in
other population-based studies[1-4,9] and in high-risk groups, such as diabetes[15,16].
FLI is a simple score that can be applied by the general practitioner and was found
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Figure 1 Relationship between body mass index and liver fat in the population-based prospective
investigation of obesity, energy and metabolism study. The horizontal line indicates a liver fat of 5.5%, the limit
for non-alcoholic fatty liver disease, while the vertical line indicates a body mass index of 25 kg/m2. BMI: Body mass
index.

to be useful in the general population as a screening tool. It should however be
remembered that this would only be the first step in the characterization of NAFLD,
demanding further investigations, for example, transient elastography or MR
elastography, and eventually a biopsy.
In a study comparing three of the scores used in the present study vs liver histology
(gold standard) in a sample of patients with a high prevalence of liver steatosis
(95%)[17], FLI, LFS, and HSI performed almost equally well to diagnose liver steatosis
(AUC: 0.80-0.83). In another study comparing the different NAFLD diagnosis scores
vs NAFLD diagnosed by imaging, LFS performed optimally in the population-based
NHANES sample, with a NAFLD prevalence of 18% measured by ultrasound[9]. In the
NHANES-based study, use of LFS resulted in an AUC of 0.77 in the total sample,
which is similar to the AUC for LFS in the population-based sample used in the
current study; however, FLI showed a superior performance over LFS in this low-risk
population. This difference in the performance of NAFLD scores between the two
population-based sample sets could be due to differences in the sensitivity of the
techniques used for NAFLD diagnosis in the two studies. The limited sensitivity of
ultrasound for detecting mild steatosis might have led to an underestimation of
NAFLD prevalence in NHANES[9]. Further, the Scandinavian population included in
the current population-based study was almost exclusively nonHispanic Caucasians,
which could have also influenced the performance of the NAFLD scores, since LFS
and FLI performed almost equally in the non-Hispanic Caucasian subpopulation
included in the NHANES study.
In the POEM study, very few cases of NAFLD were detected among subjects with a
BMI < 25 kg/m2, which is consistent with other studies[18]. Thus, there is clearly a
limited need to screen for NAFLD in subjects with normal weight. In the high-risk
population (EFFECT studies), all patients had a BMI > 25 kg/m2 and had either type 2
diabetes or elevated serum triglycerides (> 1.7 mmol/L). Not surprisingly, almost
three-fourths of the population showed NAFLD measured with abdominal MRIPDFF. In this high-risk population, LFS performed significantly better than FLI.
In the POEM study, 60% of subjects had a BMI > 25 kg/m 2 , with a NAFLD
prevalence of 35% in the overweight/obese subgroup of the population. In this
moderate-risk population, the need for NAFLD screening is greater than that in the
general population, as also suggested by other studies[18]. Thus, future studies to
determine an optimal screening tool for NAFLD should be performed in an
overweight/obese population, which constitutes more than half of the middle-aged
population in many countries.
Since LFS contains many variables and can be quite complicated to calculate in the
clinical setting, we tried to simplify this score by using data on fasting insulin and
AST/ALT only. This resulted in a simplified LFS score that performed at least as well
as the original LFS in the high-risk sample but was less efficient in the populationbased sample. However, if this finding of simplified LFS score could be reproduced
by others in a high-risk group, the use of this simplified LFS score could be an
attractive tool in the clinical setting for screening of NAFLD in high-risk individuals.
Another observation in the high-risk sample was that LFS performed almost
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Table 2 Area under the curve of the receiver operating characteristic curves for the liver fat
scores in the prospective investigation of obesity, energy and metabolism study
Liver fat scores

AUC

FLI

0.8190 (0.7661-0.8717)

LAP

0.7705 (0.7096-0.8271)

LFS

0.7774 (0.7106-0.8273)

HSI

0.7850 (0.7265-0.8458)

The 95% confidence interval for the total area under the curve is given in parenthesis. AUC: Area under the
curve; FLI: Fatty liver index; HIS: Hepatic steatosis index; LAP: Lipid accumulation product; LFS: Liver fat
score.

equally in the overweight/obese diabetes and hypertriglyceridemia subgroups. Thus,
diabetes alone did not have a major impact on the predictive power of LFS, since
many patients in the diabetes subgroup had hypertriglyceridemia.
The strength of this study is the evaluation and comparison of four different scores
for NAFLD diagnosis in two different samples, high-risk and low-risk, using a
validated, highly accurate, and reproducible method to quantify liver fat content,
MRI-PDFF[19]. The coefficient of variation for this method was found to be low (5.3%)
in healthy volunteers. However, it is a limitation that we have not evaluated the
coefficient of variation in populations with a high proportion of liver steatosis, in a
similar manner to the sample based on the EFFECT studies. The C-statistics being
used to evaluate the discrimination between the scores is known to be a rather weak
test demanding large samples to be significant even if the difference in AUC is within
the 2%-3% range. With sample sizes around 300 that were observed in the present
study, we therefore have a limited power to detect significant differences regarding
discrimination between the tests. In the present study, we performed a very detailed
history of previous diseases and alcohol intake to exclude other causes of liver
steatosis than NAFLD. Thus, although it cannot be excluded that we missed some
cases of liver disease other than NAFLD, the vast majority of individuals included in
the present study are not likely to have any liver disease other than NAFLD.
In conclusion, the four investigated scores for NAFLD diagnosis performed
differently in the population-based setting compared with the high-risk setting. FLI
was preferable in the population-based setting, while LFS, or a simplified version of
LFS, performed best in the high-risk setting.
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Table 3 Area under the curve of the receiver operating characteristic curves for the subgroups (diabetes and hypertriglyceridemia) in the
high-risk population in the EFFECT studies
Liver fat scores

Diabetes

Hypertriglyceridemia

Total

FLI

0.6906

0.6896

0.6896 (0.6201-0.7591)

LAP

0.6744

0.7306

0.6844 (0.6171-0.7515)

LFS

0.8074

0.8168

0.7994 (0.7450-0.8538)

HSI

0.7457

0.7308

0.7450 (0.6768-0.8131)

The 95% confidence interval for the total area under the curve is given in parenthesis. FLI: Fatty liver index; HIS: Hepatic steatosis index; LAP: Lipid
accumulation product; LFS: Liver fat score; ROC: Receiver operating characteristic.

Figure 2

Figure 2 Relationship between the four scores in the detection of non-alcoholic fatty liver disease and measured liver fat > 5.5% given as receiver
operating characteristic curves and area under the curve in the population-based prospective investigation of obesity, energy and metabolism study. FLI:
Fatty liver index; HIS: Hepatic steatosis index; LAP: Lipid accumulation product; LFS: Liver fat score; ROC: Receiver operating characteristic.
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Figure 3

Figure 3 Relationship between body mass index and liver fat in the EFFECT studies. The horizontal line indicates liver fat 5.5%, the limit for non-alcoholic fatty
liver disease. BMI: Body mass index.
Figure 4

Figure 4 Relationship between the four scores in the detection of non-alcoholic fatty liver disease and measured liver fat > 5.5% given as receiver
operating characteristic curves and area under the curve in the high-risk population investigated in the EFFECT studies. FLI: Fatty liver index; HIS: Hepatic
steatosis index; LAP: Lipid accumulation product; LFS: Liver fat score; ROC: Receiver operating characteristic.
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ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a common disorder, with an estimated prevalence
of 20% to 35% in the general population. Several non-invasive indices based on routinely
available biochemical and physical parameters have been developed for the detection of NAFLD.
However, data comparing the efficacy of these indices within a population-based sample are
lacking.

Research motivation
To better understand the applicability of different non-invasive indices for detecting NAFLD in a
population-based sample [based on prospective investigation of obesity, energy and metabolism
(POEM) study] vs a high-risk sample (based on EFFECT studies).

Research objectives
To compare the efficacy of four non-invasive indices, fatty liver index (FLI), hepatic steatosis
index (HSI), lipid accumulation product (LAP), and NAFLD liver fat score (LFS), in predicting
NAFLD in population-based samples comprising normal and high-risk individuals.

Research methods
NAFLD screening was performed in a population-based sample of 50-year-old individuals in
Uppsala, Sweden (n = 310; POEM study) and a high-risk population comprising patients with a
body mass index > 25 kg/m2 and either high plasma triglycerides (≥ 1.7 mM) or type 2 diabetes
(n = 310; EFFECT studies). NAFLD was defined as liver fat > 5.5% using magnetic resonance
imaging-proton density fat fraction. FLI, HSI, LAP, and NAFLD LFS were assessed. A logistic
regression model was used to evaluate the effectiveness of the different scores.

Research results
The prevalence of NAFLD was 23% in POEM. FLI showed the highest ROC AUC (0.82) and was
significantly better than the LAP score (P = 0.005 vs LAP, P = 0.08 vs LFS, P = 0.12 vs HSI) for
detection of NAFLD. The other three indices performed equally in POEM (0.77-0.78). The
prevalence of NAFLD was 74% in EFFECT; LFS performed best (ROC AUC 0.80) in this sample.
The ROC AUC for LFS (0.80) was significantly higher than that for FLI (P = 0.0019) and LAP (P =
0.0022), but not HSI (P = 0.11). We performed a sensitivity analysis with stratification for the two
high-risk subgroups (patients with diabetes or hypertriglyceridemia) from the EFFECT studies.
LAP performed best in patients with hypertriglyceridemia. No major differences were observed
between the other scores.

Research conclusions
The four investigated NAFLD scores performed differently in the populationbased vs high-risk
setting. FLI was preferable in the population-based setting, while LFS performed best in the
high-risk setting.

Research perspectives
In the populationbased vs high-risk setting, the indices performed differently. FLI was preferable
in the population-based setting, while LFS performed best in the high-risk setting.

ACKNOWLEDGEMENTS
The authors thank the participants of the study, the study investigators, and the staff
at the recruiting hospitals involved in this study.

REFERENCES
1

2

3

4

5

6

WJH

https://www.wjgnet.com

Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy S, Hobbs HH, Dobbins
RL. Magnetic resonance spectroscopy to measure hepatic triglyceride content: prevalence of hepatic
steatosis in the general population. Am J Physiol Endocrinol Metab 2005; 288: E462-E468 [PMID:
15339742 DOI: 10.1152/ajpendo.00064.2004]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, Cohen JC, Grundy SM, Hobbs HH.
Prevalence of hepatic steatosis in an urban population in the United States: impact of ethnicity. Hepatology
2004; 40: 1387-1395 [PMID: 15565570 DOI: 10.1002/hep.20466]
Cortez-Pinto H, Camilo ME. Non-alcoholic fatty liver disease/non-alcoholic steatohepatitis
(NAFLD/NASH): diagnosis and clinical course. Best Pract Res Clin Gastroenterol 2004; 18: 1089-1104
[PMID: 15561640 DOI: 10.1016/j.bpg.2004.06.021]
Bellentani S, Saccoccio G, Masutti F, Crocè LS, Brandi G, Sasso F, Cristanini G, Tiribelli C. Prevalence
of and risk factors for hepatic steatosis in Northern Italy. Ann Intern Med 2000; 132: 112-117 [PMID:
10644271 DOI: 10.7326/0003-4819-132-2-200001180-00029]
Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, Tiribelli C. The Fatty Liver
Index: a simple and accurate predictor of hepatic steatosis in the general population. BMC Gastroenterol
2006; 6: 33 [PMID: 17081293 DOI: 10.1186/1471-230X-6-33]
Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W, Kim YJ, Yoon JH, Cho SH, Sung MW, Lee HS.
Hepatic steatosis index: a simple screening tool reflecting nonalcoholic fatty liver disease. Dig Liver Dis

158

April 27, 2020

Volume 12

Issue 4

Lind L et al. Comparison between four NAFLD detection scores

7
8

9

10
11

12

13

14

15

16

17

18

19

WJH

https://www.wjgnet.com

2010; 42: 503-508 [PMID: 19766548 DOI: 10.1016/j.dld.2009.08.002]
Bedogni G, Kahn HS, Bellentani S, Tiribelli C. A simple index of lipid overaccumulation is a good marker
of liver steatosis. BMC Gastroenterol 2010; 10: 98 [PMID: 20738844 DOI: 10.1186/1471-230X-10-98]
Kotronen A, Peltonen M, Hakkarainen A, Sevastianova K, Bergholm R, Johansson LM, Lundbom N,
Rissanen A, Ridderstråle M, Groop L, Orho-Melander M, Yki-Järvinen H. Prediction of non-alcoholic
fatty liver disease and liver fat using metabolic and genetic factors. Gastroenterology 2009; 137: 865-872
[PMID: 19524579 DOI: 10.1053/j.gastro.2009.06.005]
Cheung CL, Lam KS, Wong IC, Cheung BM. Non-invasive score identifies ultrasonography-diagnosed
non-alcoholic fatty liver disease and predicts mortality in the USA. BMC Med 2014; 12: 154 [PMID:
25204761 DOI: 10.1186/s12916-014-0154-x]
Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-alcoholic fatty liver disease. A critical
appraisal. J Hepatol 2013; 58: 1007-1019 [PMID: 23183525 DOI: 10.1016/j.jhep.2012.11.021]
Oscarsson J, Önnerhag K, Risérus U, Sundén M, Johansson L, Jansson PA, Moris L, Nilsson PM,
Eriksson JW, Lind L. Effects of free omega-3 carboxylic acids and fenofibrate on liver fat content in
patients with hypertriglyceridemia and non-alcoholic fatty liver disease: A double-blind, randomized,
placebo-controlled study. J Clin Lipidol 2018; 12: 1390-1403.e4 [PMID: 30197273 DOI:
10.1016/j.jacl.2018.08.003]
Eriksson JW, Lundkvist P, Jansson PA, Johansson L, Kvarnström M, Moris L, Miliotis T, Forsberg GB,
Risérus U, Lind L, Oscarsson J. Effects of dapagliflozin and n-3 carboxylic acids on non-alcoholic fatty
liver disease in people with type 2 diabetes: a double-blind randomised placebo-controlled study.
Diabetologia 2018; 61: 1923-1934 [PMID: 29971527 DOI: 10.1007/s00125-018-4675-2]
Lind L. Relationships between three different tests to evaluate endothelium-dependent vasodilation and
cardiovascular risk in a middle-aged sample. J Hypertens 2013; 31: 1570-1574 [PMID: 23625114 DOI:
10.1097/HJH.0b013e3283619d50]
Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task Force Consensus Group. The metabolic
syndrome--a new worldwide definition. Lancet 2005; 366: 1059-1062 [PMID: 16182882 DOI:
10.1016/S0140-6736(05)67402-8]
Cusi K, Sanyal AJ, Zhang S, Hartman ML, Bue-Valleskey JM, Hoogwerf BJ, Haupt A. Non-alcoholic
fatty liver disease (NAFLD) prevalence and its metabolic associations in patients with type 1 diabetes and
type 2 diabetes. Diabetes Obes Metab 2017; 19: 1630-1634 [PMID: 28417532 DOI: 10.1111/dom.12973]
Mantovani A, Turino T, Lando MG, Gjini K, Byrne CD, Zusi C, Ravaioli F, Colecchia A, Maffeis C,
Salvagno G, Lippi G, Bonora E, Targher G. Screening for non-alcoholic fatty liver disease using liver
stiffness measurement and its association with chronic kidney disease and cardiovascular complications in
patients with type 2 diabetes. Diabetes Metab 2019 [PMID: 31786361 DOI: 10.1016/j.diabet.2019.11.004]
Fedchuk L, Nascimbeni F, Pais R, Charlotte F, Housset C, Ratziu V; LIDO Study Group. Performance
and limitations of steatosis biomarkers in patients with nonalcoholic fatty liver disease. Aliment Pharmacol
Ther 2014; 40: 1209-1222 [PMID: 25267215 DOI: 10.1111/apt.12963]
Wilman HR, Kelly M, Garratt S, Matthews PM, Milanesi M, Herlihy A, Gyngell M, Neubauer S, Bell JD,
Banerjee R, Thomas EL. Characterisation of liver fat in the UK Biobank cohort. PLoS One 2017; 12:
e0172921 [PMID: 28241076 DOI: 10.1371/journal.pone.0172921]
Permutt Z, Le TA, Peterson MR, Seki E, Brenner DA, Sirlin C, Loomba R. Correlation between liver
histology and novel magnetic resonance imaging in adult patients with non-alcoholic fatty liver disease MRI accurately quantifies hepatic steatosis in NAFLD. Aliment Pharmacol Ther 2012; 36: 22-29 [PMID:
22554256 DOI: 10.1111/j.1365-2036.2012.05121.x]

159

April 27, 2020

Volume 12

Issue 4

WJ H

World Journal of
Hepatology

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

World J Hepatol 2020 April 27; 12(4): 160-169

DOI: 10.4254/wjh.v12.i4.160

ISSN 1948-5182 (online)

CASE REPORT

Combined endovascular-surgical treatment for complex congenital
intrahepatic arterioportal fistula: A case report and review of the
literature
Roberta Angelico, Guglielmo Paolantonio, Monica Paoletti, Chiara Grimaldi, Maria Cristina Saffioti, Lidia Monti,
Manila Candusso, Massimo Rollo, Marco Spada
ORCID number: Roberta Angelico
(0000-0002-3439-7750); Guglielmo
Paolantonio (0000-0001-7926-3951);
Monica Paoletti
(0000-0003-0369-301X); Chiara
Grimaldi (0000-0003-3551-9286);
Maria Cristina Saffioti
(0000-0002-8397-9335); Lidia Monti
(0000-0002-8601-2621); Manila
Candusso (0000-0001-7969-4161);
Massimo Rollo
(0000-0001-7720-6291); Marco Spada
(0000-0003-0796-6847).

Author contributions: Angelico R,
Paolantonio G, Spada M and Rollo
M designed research; Candusso M,
Paoletti M and Grimaldi G
performed research; Saffioti MC,
Candusso M and Monti L
contributed analytic tools;
Angelico R, Paolantoni G and
Paoletti M analyzed data; Angelico
R and Spada M wrote the paper.

Informed consent statement:
Informed consent was obtained
from the patient for publication of
their information.

Conflict-of-interest statement: The
authors declare that they have no
conflict of interest.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the
manuscript was prepared and
revised according to the CARE
Checklist (2016).

Open-Access: This article is an
open-access article that was
selected by an in-house editor and

WJH

Roberta Angelico, Monica Paoletti, Chiara Grimaldi, Maria Cristina Saffioti, Marco Spada,
Department of Abdominal Transplantation and Hepatobiliary and Pancreatic Surgery,
Bambino Gesù Children’s Hospital IRCCS, Rome 00165, Italy
Roberta Angelico, Department of Surgery, Hepato-bilio-pancreatic Surgery and Transplant
Unit, University of Rome Tor Vergata, Fondazione PVT, Rome 00133, Italy
Guglielmo Paolantonio, Massimo Rollo, Interventional Radiology Unit, Department of Imaging,
Bambino Gesù Children’s Hospital IRCCS, Rome 00165, Italy
Lidia Monti, Department of Imaging, Bambino Gesù Children’s Hospital IRCCS, Rome 00165,
Italy
Manila Candusso, Division of Hepatogastroenterology, Bambino Gesù Children’s Hospital
IRCCS, Rome 00165, Italy
Corresponding author: Marco Spada, MD, PhD, FEBS, Department of Abdominal
Transplantation and Hepatobiliary and Pancreatic Surgery, Bambino Gesù Children’s Hospital
IRCCS, Piazza Sant'Onofrio 4, Rome 00165, Italy. marco.spada@opbg.net

Abstract
BACKGROUND
Congenital intrahepatic arterioportal fistula (IAPF) is a rare vascular
malformation in infants that causes severe portal hypertension (PH) with poor
prognosis if untreated. Currently, radiological embolisation is considered the
first-line therapy for simple IAPF; however, it might be not resolutive for
complex hepatic vascular lesions. When endovascular embolization is not
sufficient to completely obliterate the IAPF, surgical intervention is needed, but it
has been associated with severe morbidity and mortality in small children.
Furthermore, indications are not defined.
CASE SUMMARY
We present the first case of a 6-month-old girl with trisomy 21 affected by a
complex congenital IAFP, which caused severe PH, successfully treated with an
endovascular-surgical hybrid procedure. The novel technique comprised a multistep endovascular embolisation, including a superselective transarterial
embolisation of the afferent vessels and a direct transhepatic embolisation of the
dilated portal vein segment, combined with selective surgical ligation of the
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arterial branches that supply the fistula, which were too small to be embolised.
The complex IAPF was also associated with severe cholestasis and
intra/extrahepatic biliary tree dilatation, which was successfully treated by a
temporary biliary drainage. At 24-mo follow-up, the hybrid endovascularsurgical procedure achieved complete occlusion of the complex IAPF and
resolution of the PH. A comprehensive review of the literature on congenital
IAPF management, focussed on alternative treatment strategies, is also reported.
CONCLUSION
The combined radiological-surgical approach is a safe and effective treatment
option for complex IAPF and avoids major invasive surgery.
Key words: Liver; Intrahepatic arterioportal fistula; Congenital malformation; Portal
hypertension; Radiological embolization; Hepatic surgery; Case report
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Core tip: Complex congenital intrahepatic arterioportal fistula (IAPF) is a rare vascular
malformation causing severe portal hypertension, gastrointestinal hemorrhage and
ascites in infants, for whom the therapeutic approach is challenging due to the children’s
small size and their poor clinical condition. Radiological embolization often isn’t
effective for complex lesions due to impossibility to embolize small afferent arterial
branches, while surgical treatments (liver resection or liver transplantation) are
associated with severe morbidity and mortality. We aimed to present a novel
endovascular-surgical hybrid approach in an infant with complex congenital IAFP,
providing a literature review on the treatment options and outcomes for congenital IAFP.
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INTRODUCTION
Intrahepatic arterioportal fistula (IAPF) is a rare vascular malformation characterized
by abnormal intrahepatic communication between systemic arteries, commonly the
hepatic artery (HA), and the portal venous system, without any communication with
the systemic venous circulation[1]. Less than 15% of IAPFs are congenital. The majority
are secondary to liver trauma, surgery or liver puncture. In infancy, congenital IAPF
may cause portal hypertension (PH) that manifests with severe gastrointestinal
haemorrhage, ascites and hepatosplenomegaly. Various classifications have been
proposed for congenital IAPF, based either on their location[2] or supplying vessels[3].
Although radiological embolisation of congenital IAPF is considered the first-line
therapy[4], it may be not resolutive for complex lesions. When endovascular treatment
is not sufficient to close the IAPF, surgical intervention is needed. Surgical options
include ligation of the implicated arterial supply vessels, liver resection or liver
transplantation (LT), all of which are associated with morbidity and mortality in small
children with IAPF[5-7].
In this report, we present the case of an infant girl with trisomy 21 affected by
complex IAFP treated with a novel endovascular-surgical hybrid procedure. The
literature of congenital IAPF was also systematically review.

CASE PRESENTATION
Chief complaints
A 6-month-old girl (4500 g of weight), with trisomy 21 and intraventricular septal
defect, was referred for complex vascular lesion of the liver.
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History of present illness
At presentation, the patient exhibited a poor clinical condition with gastrointestinal
bleeding, severe PH with massive ascites (abdominal circumference: 49 cm), acute
respiratory failure, fever, cholestasis (total/direct bilirubin: 18.1/13.6 mg/dL),
thrombocytopaenia (platelets: 78.000/μL), coagulopathy (international-normalisedratio: 1.5), vitamin-K under-supplementation and growth retardation (< 25th centile).
Abdomen Doppler ultrasonography (US) detected multiple intrahepatic shunts
between the left portal vein (PV) and the left HA with turbulent flow characterised by
arterial spikes (Figure 1A-C). The right and main PV were dilated with hepatofugal
flow. A dilatation of the common biliary duct (6 mm) and the intrahepatic biliary tree
were also detected.
A computed tomography (CT) scan confirmed a complex IAPF in segment IV of the
liver formed by the connection of the left PV, left and right HA, left gastric artery,
phrenic artery and numerous branches from an accessory right HA that arose from
the superior mesenteric artery (SMA) (Figure 1D-F). Upper-gastrointestinal
endoscopy showed esophageal varices grade 3 with red marks, which were treated by
sclerotherapy. Due to massive ascites, diuretic treatment with furosemide (1
mg/kg/die) and spironolactone (2 mg/kg/die) was started. However, despite the
maximization of the diuretic therapy, the ascites didn’t improve and the patient
presented acute respiratory distress due to abdominal distension. Therefore, daily
paracentesis through a percutaneous abdominal pigtail drainage was required.

FINAL DIAGNOSIS
The patient had no history of previous liver procedure or abdominal trauma, and thus
congenital complex IAPF was diagnosed and confirmed by arteriography of the celiac
trunk, SMA and phrenic artery that supplied the hepatic vascular lesion (Figure 2AC).

TREATMENT
After arteriography, radiological embolisation of multiple branches that originated
from the right HA and the SMA was performed by glue cast, and by metallic coils
[Guglielmi Detachable Coils (GDC) 360] from the phrenic artery (Figure 2D). After
embolisation, the flow into the fistula decreased but the arterial-venous shunt
persisted because it was supplied by an arterial network of dysplastic collaterals from
the celiac trunk and SMA, which could not be catheterised due to their small size
(Figure 2E and F). After 7 d, Doppler US showed a partial occlusion of the IAPF with
persistent reverse pulsatile flow into the PV. As the clinical condition did not
improve, a combined endovascular-surgical procedure was planned.
The hybrid procedure first used selective angiography to confirm a persistent flow
into the intrahepatic fistula supplied by a dysplastic arterial network that originated
from the right HA and the SMA, for which a selective embolisation was not feasible.
Subsequently, though a midline xifo-umbilical laparotomy and under Doppler US
guide, direct left PV puncture permitted a retrograde venous catheterisation of the
fistula (by a microcatheter Excelsior SL 10) and multiple embolisations of the shunt
using GDC 360 [4 × 15 (n = 2), 4 × 8 (n = 1), 3 × 8 (n = 2)]. After embolisation,
persistent arterial flow into the vascular lesion was observed. Therefore, a second
surgical phase was performed that consisted of ligation of multiple arterial branches
from the right HA (n = 2) and SMA (n = 2) (Figure 3A-D). After the hybrid procedure,
there was absence of flow into the IAPF as well as hepatopetal flow into the PV.
The post-operative course was uneventful; anticoagulant therapy was
administrated for 3 mo to prevent PV thrombosis. Subsequently, PH progressively
improved with gradual resolution of the ascites, allowing to suspend the daily
paracentesis and to progressive withdraw diuretic drugs. However, US evidence of
intra/extrahepatic biliary dilatation and hyperbilirubinaemia (total/direct bilirubin:
22.7/18 mg/dL) persisted. A percutaneous transhepatic cholangiography (PTC)
revealed a uniform extrahepatic/intrahepatic biliary tree dilatation. Therefore, an
internal-external biliary drainage (8 Fr) was inserted, and after 1 mo it was replaced
by an internal biliary stent (Percuflex, 7 Fr, 7 cm; Figure 4A-C).

OUTCOME AND FOLLOW-UP
After 3 mo, angiography confirmed complete occlusion of the IAPF (Figure 3E and F).
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Figure 1 Colour Doppler ultrasound and computed tomography images that show the congenital intrahepatic arterioportal fistula. A: Colour Doppler
ultrasound images of the liver revealed aneurysmal dilatation of the left portal vein with turbulent bidirectional flow; B: Particularly, the venous flow appeared
arterialised; C: Several dilated and tortuous branches of the hepatic artery with high flow rate supplied the dilated portal vein segment; D: Contrast enhanced multidetector computer tomography images of the abdomen reformatted on both the left oblique: maximum intensity projection; E: 3D volume rendered; F: 3D-VR right
oblique plane. Contrast enhanced multi-detector computer tomography shows the complex vascular malformation characterised by a dense dysplastic small arterial
network that arose from the hepatic and superior mesenteric system (thick arrow) and directly converged to the left portal vein through one Y-shaped fistula within the
Rex recess (arrow head). Two additional feeders to the vascular anomaly [from the phrenic (short dotted arrow) and left gastric (short arrow) artery, respectively] were
also detected. lga: Left gastric artery; lpa: Left phrenic artery; sa: Splenic artery; sma: Superior mesenteric artery; LPV: Left portal vein.

Since the cholestasis was resolved, the biliary stent was endoscopically removed
without complications. At 24-mo follow-up, the child is in good clinical condition
with an appropriate growth [weight: 10.2 kg, height: 80 cm (> 50th centile)], normal
liver function tests (total/direct bilirubin: 1.3/0.8 mg/dL), absence of biliary tree
dilatation and ascites as well as free from drug treatment. The last Doppler US
revealed total occlusion of the IAPF and absence of detectable intrahepatic portal
flow, but there was patent extrahepatic PV without signs of PH. A summary of the
patient’s clinical course and therapeutic management is reported in Figure 5.

DISCUSSION
IAPF is a rare cause of PH in infants; it presents by 2 years of age in approximately
70% of cases [3] . Clinical presentation includes gastrointestinal bleeding (66%),
splenomegaly (63%), chronic diarrhoea (50%), failure to thrive (50%), hepatomegaly
(41%) and ascites (47%)[2,3]. Doppler US is usually efficient for IAPF diagnosis. It
reveals arterial pressure that peaks into the vascular lesion and pulsatile hepatofugal
flow in the portion of the PV adjacent to the fistula. CT scan or magnetic resonance
imaging is commonly used to define the vascular anatomy, and IAPF is identified by
the early enhancement of the lesion in the arterial phase[3]. Hepatic angiography
permits accurate definition of the lesion’s characteristics (location and afferent vessels)
to make a differential diagnosis from other vascular anomalies (haemangioma or
hepatic sinusoidal obstruction syndrome) and to treat the vascular lesion, usually
during the same session.
Congenital IAPFs were usually classified according to their location [2] : Small
peripheral intrahepatic lesions, with minimal hemodynamic effects (type-1); central
lesions, with consequent PH (type-2); diffuse intrahepatic lesions that compromise
liver function (type-3). In 2006, Norton et al[3] proposed a new IAPF classification
based on the afferent vessels supplying the fistula: unilateral lesions (type-1) that
involve only one between the right, left or main HA; bilateral lesions (type-2) that
comprise both HAs; complex lesions (type-3) that involve both HAs and at least one
non-HA.
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Figure 2 First angiography and endovascular embolization of the congenital intrahepatic arterioportal fistula. Initial endovascular treatment of the
malformation (digital subtraction angiograms). A and B: Angiograms from the superior mesenteric artery show dilated and tortuous dysplastic arteries (black arrows)
that converged into the left aneurismal portal vein through one Y-shaped fistula within the Rex recess (black arrow head); C: Superselective catheterisation of a distal
branch of the left phrenic artery that shows the additional shunt (white arrow head) into the venous aneurism; D: Embolisation of the shunts with glue and coils with
glue cast; E and F: Angiographic control images from celiac trunk (E) and superior mesenteric artery (F) that show persistent patency of the fistula after the
embolisation. c: Coils; gl: Glue; lga: Left gastric artery; lpa: Left phrenic artery; sma: Superior mesenteric artery; sa: Splenic artery.

In the literature, the experience of congenital IAPF is limited to case report or small
case series[1,3,5,8-31]. To the best of our knowledge, of 44 congenital IAPF cases described
so far, the majority of lesions were type-1 (n = 19; 43.2%) according to the Norton et
al[3] classification, followed by type-2 (n = 10; 22.7%) and type-3 (n = 10; 22.7%) IAPF.
In 5 (11.4%) cases, the lesion type was not specified. The median age at diagnosis was
1 year (range: 17 d to 79 years), 43.2% (n = 19) were < 6 mo and 13.6% (n = 6) were >
18 years of age. As in our child, in 20.5% (n = 9) of cases the vascular anomaly was
associated with trisomy 21. However, a relationship with this genetic anomaly has not
yet been defined[30]. The only other associated malformation was congenital heart
disease (n = 2, 4.5%), with atrial/ventricular septal defects and patent ductus
arteriosus.
Overall, endovascular embolisation was the primary treatment in 88.6% (n = 39) of
congenital IAPF and 25.6% (n = 10) of patients required multiple endovascular
procedures (range: 2-5), while 5 (11.4%) patients were initially treated with surgery
(Table 1).
Radiological embolisation was successful for type-1/2 IAPF in 81.5% of cases
(62.9% with one procedure, 18.5% with ≥ two procedures). In complex type-3 IAPF,
endovascular embolisation alone was effective in 62.5% of patients (37.5% with one
procedure and 25% with ≥ two procedures).
Of 10 patients with complex type-3 IAPF, embolisation was the first line-therapy in
8 (80%) cases, out of which 5 (50%) patients had complete occlusion of the IAPF (3
with one procedure and 2 with ≥ two procedures), while in 3 (30%) cases radiological
embolisation was not resolutive due to the rapid re-collateralisation of the hepatic
fistula after the endovascular treatment. This phenomenon required a secondary
surgical treatment (1 end-to-side portocaval shunt, 1 LT and 1 patient had persistent
PH). Finally, 2 (20%) patients with type-3 IAPF had surgery as the first therapeutic
intervention: 1 child was successfully cured by liver resection, while 1 patient was
treated by arterial ligation followed by radiological embolisation with subsequent
only partial occlusion of the shunt. This patient died after cardiac surgery due to
associated heart malformation.
After a median follow-up of 12 mo (range: 1-60), all patients with type-1/2 IAF
were alive with occluded shunt, while of the children with type-3 lesions, 7 (70%)
were alive with occluded shunt, 2 (20%) were alive with persistent flow into the IAPF
and 1 (10%) died after surgery.
In our case, the initial angiography detected a complex type-3 IAPF supplied by
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Figure 3 Angiographic images during the hybrid endovascular-surgical procedure of the congenital intrahepatic arterioportal fistula. A-D: The initial
attempts of selective anterograde catheterisation of the vascular malformation failed due to the small size of the arterial branches, and thus a hybrid procedure was
performed. It consisted of (1) retrograde venous catheterisation of the fistula through direct left portal vein puncture (white arrow) and embolisation of the shunt with
coils; and (2) surgical exposure of the Rex and selective surgical ligation of the small dysplastic arteries feeding the fistula; E and F: Final angiographic images from
the celiac trunk and the superior mesenteric artery, which revealed complete closure of the shunt without signs of revascularisation. c: Coils; gl: Glue; ha: Hepatic
artery; ihas: Intrahepatic arteries; lga: Left gastric artery; lpa: Left phrenic artery; sma: Superior mesenteric artery; sa: Splenic artery; sc: Surgical clips; Dotted arrows:
External internal biliary drainage.

major arterial vessels (celiac truck, HA, SMA and phrenic artery). Only following
embolisation of the dominant feeding arteries (from the celiac trunk and phrenic
artery), a complex dysplastic network of small arterial vessels that supplied the fistula
became apparent; however, they could not be embolised due to their small size. At
this step, surgical options (including liver resection, portacaval shunt or LT) were
considered, but we preferred a mini-invasive approach due to the infant’s severe
clinical condition. Therefore, an hybrid technique was chosen to allow: (1)
Intraoperative transhepatic embolisation of the aneurysmal component of the PV
under US guide, allowing for direct bleeding control; and (2) Selective surgical distal
ligation of small arterial branches that supplied the shunt, which was not feasible for
embolisation. This combined approach achieved complete occlusion of the IAPF, with
consequent resolution of the PH, and also permitted preservation of the main HA
trunk for possible future LT. A major complication of endovascular IAPF treatment
involves PV thrombosis[32], and thus prevention by anticoagulation was initiated soon
after the procedure and maintained for 3 mo. Although no thrombosis was initially
detected, the last follow-up revealed the absence of intrahepatic portal flow but wellcompensated intrahepatic hemodynamics and patent extrahepatic PV. These findings
suggest that the anticoagulant therapy might be prolonged after the procedure, but
further data are needed to define the type and duration of anticoagulant regimen.
Other embolisation-related risks include movement of the embolic agents to an
incorrect site, pseudoaneurysm of the accessed artery and bile duct injury[31], none of
which were observed in the current case.
Nevertheless, in our infant the complex IAPF was associated with severe
cholestasis and intrahepatic biliary tree dilatation with distal common bile duct
stricture. The cause of the biliary complication was unclear (so far, no other case of
congenital IAPF has been associated with biliary issues). We related it to ischaemic
damage and/or compression by the vascular lesion. Therefore, we first chose to treat
the vascular lesion. Subsequently, because the cholestasis did not improve after the
IAPF occlusion, a biliary stent by PTC was inserted, and it was removed only after
evidence of a complete resolution of the biliary dilatation.
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Figure 4 Cholangiogram. A: Cholangiogram from the external biliary drainage shows marked dilatation of both intra- and extrahepatic biliary tree with tortuous and
convoluted appearance of ducts and the stricture (arrow) of the distal tract of the choledocus without passage of contrast medium into the bowel system; B:
Cholangiogram after positioning the external-internal biliary drainage showing slight reduction of the biliary dilatation, particularly within the right system; C:
Cholangiogram after 3 mo of internal biliary stent placement that shows almost complete resolution of the biliary dilatation. c: Choledocus; cd: Cystic duct; chd:
Common hepatic duct; djf: Duodenojejunal flexure; ebd: External biliary drainage; eibd: External-internal biliary drainage; g: Gallbladder; ibs: Internal biliary stent; lhd:
Left hepatic duct; rhd: Right hepatic duct; asterisk: Coils; Arrow: Stricture within the distal choledocus.

CONCLUSION
Since the first experience in 1996, endovascular embolisation is currently considered
the first-line treatment for congenital IAPF. It presents an overall success rate of
79.5%, and it requires multiple endovascular procedures in 25.6% of cases. So far,
radiological embolisation has been resolutive in 81.5% of children with simple IAPF
(type-1/2) and in 62.5% with complex IAPF (type-3). Yet, data on the optimal type of
embolisation agent (coils or glue), post-procedure anticoagulant regimen and longterm complications and outcomes are lacking, and must be defined. Surgical
procedures are rarely used as a first-line treatment and no definitive criteria can be
drawn yet due to the lack of long-term outcomes. Although surgical ligation of
arterial vessels that feed the IAPF is most commonly performed, it does not yet
appear to be effective for complex IAPF when performed alone. Moreover, other
surgical options (portacaval shunting, liver resection or LT), all of which were used as
salvage treatments after embolisation, have no defined indication and limited to
personal experience.
Although this study is limited to a single case, our experience suggests that for
complex type-3 IAPF the hybrid approach that consists of a multi-step endovascular
embolisation (embolisation of the afferent arterial vessels and direct transhepatic
embolisation of dilated PV segment) combined with selective surgical ligation of
arterial branches that feed the fistula (too small to be embolised) may be a safe and
resolutive treatment to avoid major invasive surgery as portocaval shunting, liver
resection or LT.
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Table 1 Treatments and outcomes of congenital intrahepatic arterioportal fistula reported in literature, n (%)
Type of first-line
treatment

Overall (n = 44, 100%)

Type-1 IAPF (n = 19,
43.2%)

Type-2 IAPF (n = 10,
22.7%)

Type-3 IAPF (n = 10,
22.7%)

Type not specified (n
= 5, 11.4%)

Radiological
embolization

39 (88.6)

17 (89.5)

10 (100)

8 (80)

4 (80)

-Overall success rate

31 (79.5)

15 (88.2)

7 (70)

5 (62.5)

4 (100)

-Success rate for one
procedure

21 (53.8)

13 (76.5)

4 (40)

3 (37.5)

1 (25)

-Success rate for
multiple procedures

10 (25.6)

2 (11.8)

3 (30)

2 (25)

3 (75)

-Patients requiring
subsequent surgery

8 (20.5)

2 (11.8) (liver resection)

3 (30) (1 LT, 1 liver
resection/arterial
ligation, 1 end-to-side
porto-caval shunt)

3 (37.5) (1 endo-to-side portocaval shunt, 1 LT, 1
persistent PH)

Surgery

5 (11.4)

2 (10.5)

-

2 (20)

1 (20)

Arterial ligation

4 (9.1)

2 (10.5)

-

1 (10)

1 (20)

-Success rate

2 (50)

2 (100)

-

0 (0) (persistent shunt)

0 (0) (required
subsequent
embolization)

Liver resection

1 (2.3)

-

-

1 (10)

-

-Success rate

1 (100)

-

-

1 (100)

-

IAFP: Intrahepatic arterioportal fistula; LT: Liver transplantation; PH: Portal hypertension.

Figure 5

Figure 5 Summary of the patient’s clinical course and the therapeutic management. Upper-GI: upper-gastrointestinal; ERCP: endoscopic retrograde
cholangiopancreatography; HA: Hepatic artery; IAPF: Intrahepatic arterioportal fistula; PV: Portal vein; PTC: Percutaneous transhepatic cholangiography; SMA:
Superior mesenteric artery.
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Abstract
BACKGROUND
Inflammatory myofibroblastic tumors of the liver (IMTL) are extremely rare
neoplasms and very little is known about their clinical presentation,
pathogenesis, and biological behavior. Due to their absolute rarity, it is almost
impossible to obtain a definite diagnosis without histological examination.
Because of their intermediate biological behavior with the risk for local
recurrence and metastases, surgical resection is recommend whenever IMTL is
suspect.
CASE SUMMARY
We herein present a case of an otherwise healthy 32-year-old woman who
presented with intermittent fever, unclear anemia, malaise and right flank pain 4
mo postpartum. The liver mass in segment IVa/b was highly FDG avid in the
positron emission tomography-computed tomography. Hepatic resection was
performed achieving a negative resection margin and an immediate resolution of
all clinical symptoms. Histological analysis diagnosed the rare finding of an
inflammatory myofibroblastic tumor of the liver and revealed cytoplasmic
anaplastic lymphoma kinase expression by immunohistochemistry. Twelve
months follow-up magnetic resonance imaging showed no recurrence and no
metastases in the fully recovered patient.
CONCLUSION
IMTLs are extremely rare and difficult to diagnose. Due to their intermediate
biological behavior, surgical resection should be perform whenever feasible and
patients should be followed-up in order to detect recurrence and metastasis as
early as possible.
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Core tip: In summary of the literature and with the experience from our own recent case,
complete surgical resection of suspected inflammatory myofibroblastic tumors of the
liver should be the preferred treatment of choice in order to rule out malignancy, avoid
long-term medical treatment and to be able to recommend an appropriate follow-up for
the patient.
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INTRODUCTION
Inflammatory myofibroblastic tumors (IMT) are rare diagnostic findings and little is
known about their etiology, pathogenesis and clinical behavior. First described in the
lungs, this rare neoplasm can occur in various tissues and organs of the human
body[1-4]. Whereas IMTs were originally considered as inflammatory pseudo tumors,
they are now recognized as true neoplasms in the histological typing of the soft tissue
tumors classification of the World Health Organization with intermediate biological
potential due to their ability to recur and to metastasize[1,4]. IMTs of the liver (IMTL)
are even more seldom and most published literature are case reports (Table 1) or
small case series (Table 2). Most patients present with either abdominal pain or fever,
in others the tumor is detected incidentally[5]. A systemic inflammatory process with
leukocytosis, elevated C-reactive protein (CRP) and other systemic inflammatory
markers often accompanies the clinical presentation [3,5-11] . Although this type of
neoplasm can occur in individuals of all ages, it seems more common in children and
young adults[4,12]. The etiology of IMTL is unclear[4], but cytogenetic alterations suggest
a clonal origin of theses lesions[3,4]. Proof of diagnosis is difficult since no tumor
markers are available and radiological findings are often not specific[6,8,13]. Surgical
resection is usually considered as the treatment of choice for these rare findings.
IMTLs mostly present as solitary lesions with typical firm surfaces. Histopathologically, they can have three basic patterns, which are often combined in one
tumor: (1) A myxoid/vascular; (2) Spindel cell; and (3) Hypocellular fibrous pattern[4].
The tumor is frequently infiltrated by eosinophils, lymphocytes and plasma cells[4].
Rearrangements of the anaplastic lymphoma kinase (ALK) gene locus are common in
IMTs supporting its neoplastic origin. ALK overexpression and its positive
immunohistochemical staining is reported in 50%-60% of the cases[14]. Differential
diagnoses of IMTL include metastatic sarcomatoid carcinoma, spindel cell sarcoma or
melanoma, gastrointestinal stromal tumor, sarcoma, solitary fibrous tumor and
calcifying tumors besides the large group of inflammatory pseudotumors[6]. Although
these lesions generally show a benign behavior, there is the possibility of malignant
transformation and development of metastases[15,16]. Some small case series of IMTs
described the anatomic location, size and age as potential risk factors correlated with
recurrence[2,13,17]. In addition, ALK reactivity in the primary tumor was associated with
a non-metastatic course of the disease[6]. In the liver, a malignant transformation is
extremely rare and only very few cases with local recurrence or metastases have been
described[1,18]. Due to the scarcity of this disease, the role of a preoperative biopsy is
unclear, but because of the difficulty to obtain a proper histopathological diagnosis
and the risk of malignant transformation, surgical resection is usually recommended
whenever technically feasible[5,8,9,19,20].
We herein report the case of a 32-year-old woman who received an immediate
hepatic resection for a large IMTL causing intermittent fever 4 mo postpartum.
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CASE PRESENTATION
Chief complaints
A 32-year old woman presented herself to her family doctor with intermittent fever,
unclear blood loss, malaise and pain in the right flank 4 mo postpartum.

History of present illness
The patient reported that the symptoms began 4 mo after she gave birth to her healthy
child. She complaint about fatigue and right upper quadrant abdominal pain. She had
recurrent episodes of fever up to 38.5 °C, but no jaundice or pruritus.

History of past illness
There was no significant history of past illnesses.

Personal and family history
Personal and family history was unremarkable. She gave birth to a healthy child 4 mo
before she was treated at our institution.

Physical examination upon admission
Vital signs were within the normal range, body temperature was 38.5 °C. On
examination, the patient had a right upper quadrant tenderness, without jaundice or
hepatosplenomegaly.

Laboratory examinations
Urine and most blood analyses were without any pathological findings including a
normal liver function and normal ferritin levels. While the white blood cell count was
normal, CRP was elevated to 181 mg/L. The liver enzymes (aspartateaminotransferase 31 U/L, alkalic-aminotransferase 49 U/L) and cholestasis
parameters (alkalic-phosphatase 466 U/L, y-glutamyl transferase 424 U/L) showed
an increase while the serum bilirubin (6 μmol/L) stayed normal.

Imaging examinations
An ultrasound of the abdomen (Figure 1A) revealed a round, encapsulated liver
lesion in segment IVa/b of unclear dignity, a non-contrast computed tomography of
the abdomen ruled out urolithiasis, but confirmed the suspicious lesion of 8 cm in the
liver as an incidental finding. The computer tomography (CT) and, same day
magnetic resonance imaging (MRI) of the upper abdomen (Figure 1B-F) showed an 8
cm × 8 cm tumor in segment IVa/b of the liver suspected to be a liver adenoma.
Additional serological tests for hepatitis, the tumor markers carbohydrate-antigen 199 and alpha-fetoprotein, and markers for echinococcosis were all negative. After
discussion of the case in our interdisciplinary liver tumor board on the next day, we
performed a positron emission tomography-computed tomography (PET-CT) which
showed the known lesion as a metabolically active tumor resembling an inflammatory
pseudotumor of the liver or a malignant tumor of unclear origin. No other lesions was
detected in any of the performed scans.

Further diagnostic work-up
The pathologist macroscopically (Figure 2) described the size of the resected specimen
as wedge-shaped and nodular, 9.5 cm × 7.0 cm × 7.5 cm. The capsule of the liver was
about unremarkable on one-half of the supplement. An area of 7.5 cm × 7.5 cm × 6.2
cm was sharply circumscribed, whitish/creamy and fibrous. No clearly definable
capsule. The remaining liver tissue was inconspicuous and showed no further
hereditary findings. The total weight of the tumor was 198 g. Immunohistochemistry
showed a clear expression of cytoplasmic ALK and a weak expression of smooth
muscle actin. Cytokeratin-PAN (CK Pan), Cytokeratin 18 (CK18), signal transducer
and activator of transcription protein 6 (STAT6), Desmin, tyrosin-protein (C-kit),
discovered on gastrointestinal stromal tumors 1 (DOG1), ETS related gene (ERG),
family of calcium binding protein (S100) and SRY-related HMG-box 10 Protein
(SOX10) showed no expression. The intra-tumoral immunoglobulin G4 (IgG4)positive plasma cells were slightly increased, but displayed only a very small
percentage of all plasma cells (Figure 3). The pathological diagnosis revealed an IMTL
with no fibrosis and no malignancy.

FINAL DIAGNOSIS
The final diagnosis of the presented case is an IMTL.
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Table 1 Case reports

CT unenhanced, low density

Radiology

Fatigue, abdominal distension
and weight loss, jaundice,
hepatomegaly, bilateral ankle
edema

Low-grade fever, asthenia,
weight loss and oligoarthritis,
lung tuberculosis, diabetes,
gouty arthritis, renal lithiasis
and colon diverticulitis

Weight loss, fever, intermittent
night sweat, abdominal
pain, CRP↑, leukocytosis,
cholestasis hypertension,
hypercholesterinemia

Right lobe
Seg VI

Right lobe

Right lobe

Left lobe

Right lobe

Right lobe

Localization

Bilateral
U/S: Complex mass; CT:
Large cystic or necrotic
mass; MRI: T2W: Cystic
portion hyperintense to liver
parenchyma, surrounded
by a hypointense rim. T2W:
Hyperintense compared to liver
parenchyma

CT: 8 cm heterogeneous
Left lobe
focal lesion, portal branch
thrombosis, lymphadenopathy;
MRI: T2W isointense, T1W
discretely hypointense, cystic–
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edema
CT: Thickened gallbladder
Seg. V
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lesion of 17 mm in the
gallbladder bed, U/S: Nodule;
MRI: Hypointense in T2
sequences; PET: No metabolism

FUO, CA 19-9 48 ng/mL (n: <
U/S: Irregularly shaped, low37 ng/mL), Diabetes mellitus II, echoic mass; CT: Peripherally
Dyslipidemia, hypertension
enhanced, MRI: T1W, central
portion hyperintense

FUO, weight loss, hepatomegaly, MRI: Contrast-enhancing,
normal liver enzymes, CRP↑
hyper-intense, well-defined
lesion
FUO, jaundice, abdominal pain, MRI: Multiple lesions,
CA 19-9↑
intrahepatic bile duct was
significantly dilated
Fatigue, fever, pale
U/S: Hypoechoic mass with
conjunctivae ; Hb↓, Lc↑
unclear border; CT: Low density
lesion with mild enhancement
Abdominal pain, anorexia, mild U/S: 2 hypodense masses, CT:
fever, hepatomegaly
+ hepatic vein thrombus

Incidental finding

Clinical and laboratory findings
Unencapsuled, partly ill defined
expansive mass, myofibroblast-, fibroblast
cells, inflammatory cells, SMA+,
cytokeratins AE1/AE3+; CK7,CK18+,
Desmin-, CD68-, IgG4-, ALKRight lobe hepatectomy Multinucleated giant cells, inflammatory
cells, SMA-, ALK-1-, CD-21- CD-23- CD68+
Biopsy, patient declined Spindle cells proliferation and infiltration
operation, PTCD
by mixed inflammatory cells, ALK+,
SMA+
Right posterior
Chronic inflammatory cells, spindle cells;
segmentectomy
CD68+, smooth muscle actin, ALK-

Right partial
hepatectomy

Histology

N/A

Liver abscess

Antibiotic therapy, after
4 mo later fine needle
biopsy followed by
laparoscopic biopsy
and cholecystectomy
with the lesion in the
gallbladder bed
Ultrasound-guided and
open biopsy, followed
by resection

Cellular spindle-cell proliferation
with heavy inflammatory infiltrate
consisting primarily of plasma cells and
lymphocytes

Lymphoid infiltration without
malignancy signs, compatible with an
inflammatory pseudotumour

Abscess with septic Initial treatment: Biopsy, Plasma cells, inflammatory cells, ALK,
thrombus
pigtail, antibiotics,
IgG4+
secondary operation
CCC/HCC
Partial hepatectomy
Whitish-yellow mass 2 cm in size ,
inflammatory cell infiltrates, cholesterol
cleft granuloma with focal abscess were
observed in the central compartment ,
IgG4 Inflammatory
CT-guided biopsy
Inflammatory pseudotumour, vimentin+,
disease
followed by antibiotic
AML+, desmin−, CD68−, ALK−, with
therapy
no light chain restriction and a low
proliferative index (15%)

Liver abscess

CCC

Infection DD
malignancy

HCC

Tentative diagnose Treatment

Recurrence
after 2.5 yr

NM

Partial
remission after
1 mo, almost
complete
remission after
6 mo

NM

No residual
disease

No recurrence
after 32 mo

NM

No recurrence
after 4 mo

No recurrence
after 7 mo
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NM
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Female

Male

U/S: 18 cm mass with slightly Right lobe
echogenic center; MRI: Large
mass with central dark area and
some peripheral spokes; CT:
Mass, 20 cm × 17 cm × 18 cm,
with extensions into the medial
segment of the left hepatic lobe,
hypervascular nodular area
with enhanced density at the
periphery and hypoattenuating
density centrally

Fever, diaphoresis, right-upper- U/S and CT: Heterogenous
Right lobe
quadrant abdominal pain
rounded hepatic lesion of 7 cm
in greatest dimension

U/S: Heterogeneous
Segment IV
hypoechogenic tumor; CT:
Contrast enhancing mass
with irregular confluent
non-enhancing areas in the
center with a hypodense late
enhancing rim and no washout in the late phase, MRI: In
T1W hypointense borders,
well defined without fatty
components. T2W showed
a heterogeneous slightly
hyperintense lesion with an illdefined hyperintense rim
Right-upper-quadrant
U/S: 2 cm × 2.4 cm mass in the Left lobe
abdominal pain, renal transplant left hepatic lobe with associated
biliary duct dilatation, MRI:
atrophic left liver lobe with
multiple strictures and distal
duct dilatation. 2-cm lesion at
the origin of the left hepatic
duct
FUO CRP↑
Gastroscopy, CT lung and
Seg. VI
abdomen, MRI: 3.3 cm lesion

Moderate diffuse abdominal
tenderness, focus over
epigastrium

Chronic cough, right-upperquadrant pain, anorexia for
3 mo, leukozytosis, elevated
platelet count

Adenoma,
focal nodular
hyperplasia or
HCC
Pyogenic hepatic
abscess

Primary hepatic
tumor

Malignancy

Antibiotics, later right
hepatic lobectomy

Surgical resection

Surgical resection

Grossly a non-encapsulated but well
demarcated hepatic tumor with central
necrosis of 11 cm in greatest dimension
microscopically: Spindle myofibroblastic
cells arranged in fascicles. Leukocytes,
lymphocytes, plasma cells, SMA+

NM

NM

No recurrence
after 1 yr

Dense hyalinised stroma and scattered,
NM
histiocytic and lymphocytic inflammation

Bland spindle cell proliferation amidst
NM
small mature lymphocytes, numerous
plasma cells, histiocytes, and few
neutrophils. Spindle cells showed a
storiform pattern with large areas of
necrosis; cytokeratin (CAM 5.2)-, cytokeratin
5/6 -, actin-, CD34-, CD117-, DOG-1-,
desmin-, CD68-, S100-, Pan-melanoma-.
Spindle cells were negative for CD21,
CD23, CD35, ALK-1. Epstein-Barr virusencoded small RNA in situ hybridization
(EBER) showed large numbers of EpsteinBarr virus positive cells, including some
spindle cells
Left hemihepatectomy Tumor with fibrosis and partially necrotic NM
with partial excision of tissue infiltrated by inflammatory
the adherent abdominal cells, predominantly plasma cells,
wall and diaphragm
and also pigmented macrophages and
granulocytes

Fibrolamellar
Percutaneous needle
hepatocellular
core biopsy > NM
carcinoma or CCC

Filips A et al. Inflammatory myofibroblastic tumor of the liver

April 27, 2020|Volume 12|Issue 4|

WJH|https://www.wjgnet.com

175

9

48

69

Female
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Male

Male

Female

Male

Female

Fever, mild anorexia,
intermittent epigastric pain

CCC

Right lobe

Right lobe

Fine needle biopsy

Surgical resection (tiny
black‐colored nodules
within the abdominal
cavity and spilled
gallstones)
Hepatic caudate
lobectomy with
complete resection of
the mass
Liver biopsy

NM

NM

Biopsy, secondary left
lateral segmentectomy
with lymph node
excision

Resection

Biopsy followed
by conservative
treatment (ceftriaxone,
clindamycin, NSAR)
Inflammation due 1. ERCP:
to cholangitis with Sphincterotomy,
intrahepatic bile
antibiotics because of
duct stones
common bile duct stone.
2. Relapse of symptoms
4 wk later > resection

Cholecystitis,
malignancy

NM

Right and left NM
lobe

Right lobe

NM

Caudate lobe HCC or liver
abscess

Right lobe

U/S: Hypoechoic lesion, lymph Left lobe
node at porta hepatis, CT:
hypodense space-occupying
lesion

Weakness, fever, weight loss,
U/S: Single hypoechoic lesion
right upper abdominal pain, Lc-, in right lobe
neutrophil 75.3%, liver function
normal

U/S: 3 liver masses, CT: 1 intraand 2 extrahepatic lesions; MRI:
three high‐intensity lesions;
PET: Abnormal accumulation
in all lesions
Right upper abdominal pain;
CT: Low-density mass, about
CEA↑; 2 yr after renal transplant 30 mm in diameter, well
defined, and with peripheral
enhancement
FUO
CT: Numerous hypodense
lesions scattered throughout
the liver
Right upper quadrant pain,
U/S: Ill-defined area, CT:
nausea, vomiting, recent weight multiple low attenuation
loss, rheumatoid arthritis and
lesions
bronchiectasis, CRP↑, cholestasis
(normal Bili)
Fever, weight loss, fatigue,
U/S: Space occupying lesion
tachycardia, hepatomegaly,
in the liver; CT: Large lesion
leukocytosis, platelet count ↑
with sold and cystic parts and
heterogenous enhancement
Leukocytosis
U/S: Hypoechoic lesion, 3
cm in diameter, with several
stones. CT: Low density area
in segment V; MRI: Lesion of
slightly low signal intensity;
MRCP: Lesion of moderate-tohigh signal intensity on T2W

Asymptomaticlaparoscopic
calculous cholecystectomy 3 yr
ago

NM

NM

Hyperplastic cholangioles, myofibroblasts Partial response
and fibroblasts, infiltrate of lymphocytes, after 2 mo,
eosinophils and neutrophils; ALK+
complete
response
Grossly gray, fibrotic, solid tumor,
No recurrence
intrahepatic bile duct stones.
after 18 mo
Proliferation of diffuse myofibroblastic
and mesenchymal cells in a mixed
myxoedematous, dense fibrotic stroma,
with many small vessels and marked
infiltration by various acute and chronic
inflammatory cells
No capsule, light brown, no necrosis,
2 yr no
spindle cells, granulation-tissue type
recurrence after
vessels, chronic inflammatory cells on
2 yr
loose, edemateous, myxoid stroma, CD
38+, SMA+, ALK+, desmin, EMAPale and firm lesion (3.5 cm × 2.5 cm ×
No recurrence
3.0 cm) with whitish solid infiltrations
after 3 yr
extending to the capsule of the liver.
Proliferation of spindle-shaped cells
arranged in short fascicles with an illdefined mark. Inflammatory cells,
predominantly lymphocytes, plasma
cells and eosinophils; vimentin+, SMA+,
CD68+,TBC+

Presence of benign hepatocytes, acellular No recurrence
debris and a mixture of acute and chronic after 3 mo
inflammatory cells

IMT

Mixture of spindle-shaped
myofibroblastic cells and chronic
inflammatory cells; SMA+

Inflammatory granuloma located at liver No recurrence
parenchyma
after 6 mo

CT: Computed tomography; MRI: Magnetic resonance imaging; FUO: Fever unknown origin; CRP: C-reactive protein; CCC: Cholangiocarcinoma; HCC: Hepatocellular carcinoma; PTCD: Percutaneous transhepatic cholangio
drainage; NM: Not mentioned; U/S: Ultrasonography; Hb: Haemoglobin; LC: Leukocytes; TC: Thrombocytes; T1W: T1-Weighted; T2W: T2-Weighted; Chron Hep B: Chronic Hepatitis B; Seg: Segment; ↑: Increase; ↓: Decrease;
WBC : Wight blood cells; SMA: Smooth muscle actin; ERCP: Endoscopic retrograde cholangiopancreatography.
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Ref.

Gender

Clinical and laboratory findings

Male

Male

Female

58

57

Male

15

52

Male

Localization

Solitary (n = 17); multiple (n = 5),
median size 3 cm (1.1-9.6 cm), nonenhanced CT: Hypoattenuating
lesions (n = 22), enhanced CT: Central
hypoattenuating areas and a delayed
hyperattenuating periphery (n =
18), multiseptate appearance with
hyperattenuating internal septa and
periphery (n = 3), hypoattenuation up
to the equilibrium phase (n = 1)

Right lobe n = 10,
left lobe n = 9, both
n = 3, (mostly seg.
IV n = 12)

Well defined liver mass

NM

Sigmoid cancer planned for
resection

Auxiliary finding

MRI: 2 metastases with low-intensity
signal on T1, a slightly high-intensity
signal on T2

Right lobe

CT: Low density mass in the right lobe Right lobe
enhanced during the delayed phase

Epigastric pain, appetite loss, weight U/S and CT: Hepatic mass in left lobe Left lobe
loss, fever

Hepatitis B positive, weight loss

Tentative diagnose

Hepatic metastasis

CCC

IPT

Malignancy

Abscess

IPT (n = 12),
malignancy (n =
4), recurrence of
malignancy (n = 2),
abscess (n = 4)

CT scan: Hypo-attenuating lesions in Right lobe (n = 27), Malignancy (n = 26,
40 patients, MRI: Low signal intensity left lobe (n = 14),
57.8%), abscess (n =
lesion at T1W image in 86.4% and
both (n = 4)
11, 24.4%)
relatively homogenous high signal
intensity lesion at T2W image in 76.2%

Radiology

Chills, fever, anorexia > 8 kg weight, CT: Well-defined heterogeneous mass Left lobe
leukocytosis
with central areas of necrosis and a
slightly hyperdense rim

Male/female Abdominal pain (n = 12), febrile (n
(16/6)
= 5), malaise (n = 1), asymptomatic
(n = 4), leucocytosis (n = 6),
hyperbilirubinaemia (n = 3), alkaline
phosphatase↑ (n = 10), liver enzymes
↑ (n = 5), CA 19-9 ↑ (n = 5), AFP↑ (n =
1) ; associated biliary disease (n = 15),
malignancy (n = 4)

14

34-76

65 (29-84) Male/female Abdominal pain (n = 16), fever (n =
(26/19)
11), malaise (n = 5), weight loss (n
= 4); CRP↑ (n = 31), leukocytosis (n
= 10), CEA (n = 1) CA 19-9 (n = 1);
hypertension, tuberculosis, chronic
Hepatitis B

Age (yr)

Table 2 Clinical studies of > 2 patients

Chronic infiltration of
various inflammatory
cells (plasma cells,
lymphocytes,
neutrophils, and
eosinophils) and
fibrous stroma
Histiocytic cell
infiltration with
negative IgG4 (n = 17),
lymphoplasmacytic
type (n = 5) with
positive IgG4 (n = 4)

Histology
No recurrence
after median
follow-up of 8
mo

Follow up

Post
conservative
treatment:
10 complete
remission after
15 mo; 5 partial
remission
after 4 mo,
post resection:
Mortality n =
2 (myocardial
infarction,
peritoneal
seeding)
Resection
Creamy grey mass
No recurrence
with a vague whorling after 1 yr
appearance. Plasma
cells with varying
degrees of fibroblastic
proliferation admixed
with lymphocytes,
eosinophils and
macrophages
Fine needle biopsy 6 cm liver mass,
No recurrence
fibroblastic
after 2 yr
proliferation, many
plasma cells and
eosinophils
Follow up
NM
Complete
remission after 1
yr
Biopsy > no
IMTL
NM
treatment, follow
up
Intraoperative
NM
NM
right portal vein
embolization

Percutaneous
needle biopsy (n
= 18), incisional
biopsy (n = 1) -->
surgical resection
(n = 3); liver
resection (n = 3)
without prior
biopsy, 16 patients
conservatively,
6 patients with
surgical resection

Percutaneous
needle biopsy (n
= 35), surgical
resection (n = 9),
both (n = 1)

Treatment
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Male

Female

Female

75

47

Male

56

35

Right upper quadrant pain,
jaundice, fever, pruritus

Moderate upper quadrant pain,
nausea, and vomiting

Right upper abdominal pain,
malaise

Abdominal and bone pain, fatigue,
malaise, hematuria, WBC↑

CT: Marked dilatation of the
intrahepatic biliary tree

U/S: Cystic lesion, CT: Cystic lesion,
slight dilatation of intrahepatic bile
ducts

CT: Liver abscess

CT: Liver abscess right upper
abdominal quadrant

Right lobe

IVB

Right lobe

Right lobe

CCC

Cholangitis/
Cystadenoma

Liver abscess

Liver abscess

Seg. III resection,
secondary right
hepatectomy

Drainage
followed by right
hepatectomy
Biopsy followed
by Seg. IVB
resection

Drainage
followed by right
hepatectomy

Many plasma cells,
NM
densely collagenous
bundles between
a plasma cell-rich
infiltrate
Inflammatory
response to hepatic
abscess
Central granulation,
fibrosis and chronic
lymphoplasmacytic
infiltrate, no features
of neoplasia.
Inflammatory
pseudotumor
Widespread chronic
inflammatory
infiltrate with
lymphocytes
and plasma cells,
numerous lipid-laden
macrophages, no
malignancy

CT: Computed tomography; MRI: Magnetic resonance imaging; FUO: Fever unknown origin; CRP: C-reactive protein; CCC: Cholangiocarcinoma; HCC: Hepatocellular carcinoma; PTCD: Percutaneous transhepatic cholangio
drainage; NM: Not mentioned; U/S: Ultrasonography; Hb: Haemoglobin; LC: Leukocytes; TC: Thrombocytes; T1W: T1-Weighted; T2W: T2-Weighted; Chron Hep B: Chronic Hepatitis B; Seg: Segment; ↑: Increase; ↓: Decrease;
WBC : Wight blood cells; SMA: Smooth muscle actin; ERCP: Endoscopic retrograde cholangiopancreatography.
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Figure 1

Figure 1 Imaging features within the liver lesion in segment IV. A: The lesion was a first detected as an incidental finding in an unenhanced abdominal computed
tomography to rule out kidney stones (asterisk); B: Conformed with an ultrasound examination (asterisk); C: In a following magnetic resonance imaging the lesion
showed a homogeneous high signal in T2-weighted imaging (asterisk); D: After the application of intravenous hepatocyte specific contrast medium (gadoxetic acid,
Primovist®/Eovist®, Bayer Healthcare Pharmaceuticals, Leverkusen, Germany) there was an early enhancement at the rim in the arterial phase (arrow); E: Followed
by a strong enhancement in the venous phase (arrow); F: In the hepatobiliary phase after 20 min, the lesion appeared with a low intracellular uptake of the contrast
medium compared with the adjacent liver tissue; G: In the diffusion-weighted imaging there was no clear diffusion restriction detection within the lesion (apparent
diffusion coefficient); H: In an additional positron emission tomography-computed tomography examination the lesion showed an intensively increased tracer uptake; I:
A follow-up magnetic resonance imaging examination after 3 mo confirmed a complete surgical resection (with multiple artifacts at the resection margin due to multiple
clips) and ruled out new hepatic lesions.

TREATMENT
Due to the unclear situation with fever and the suspicion of a large adenoma or
malignant tumor of the liver, an immediate surgical resection was performed.
Intraoperatively, the solitary central lesion could be confirmed by intraoperative
ultrasound, which also excluded additional liver lesions. An open resection of the
liver segment IVa/b was performed achieving a negative resection margin. While no
intra-operative complications occurred, the patient developed a bilioma, which had to
be drained interventionally 7 d after the surgery accompanied by an endoscopic
retrograde cholangiopancreatography with stent insertion.

OUTCOME AND FOLLOW-UP
The case was discussed postoperatively in our interdisciplinary liver tumor board to
determine the postoperative management. While no adjuvant therapy was indicated,
it was recommended to follow the patient clinically by MRI imaging every 3 mo after
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Figure 2 Postoperative macroscopic pathology of the inflammatory myofibroblastic tumors.

the surgery for the duration of at least one year.
The patient returned to work and MRIs of the liver 3, 6 and 12 mo after resection
showed no local recurrence and no novel liver lesions.

DISCUSSION
We herein present and discuss the case of a 32-year-old woman who presented with a
suspicious and symptomatic liver mass consequently diagnosed as IMTL.
IMTs of the liver are extremely rare findings that can sometimes mimic malignant
lesions[6]. In terms of demographics, the tumor seems to be more common in men than
in women (M/F: 1.5/1) with a mean age at diagnosis of 37 years[7]. IMTL usually
occur in the right liver lobe, in close proximity to the gallbladder or central biliary
system[7,8]. Typical clinical findings reported in the literature are fever, abdominal
pain, lack of strength and weight loss[7], which all occurred in our case (intermittent
fever, unclear blood loss, malaise and pain in the right flank) and led to the ultimate
diagnosis. In addition to the fever, laboratory findings often suggest inflammation
due to leukocytosis, neutrophilia and elevated CRP[5,6,8,10]. More rarely, anemia and
sometimes also elevated liver enzymes are reported[6]. According to the clinical signs
of infection, some individual cases were reported to be correlated with different active
(virus) infections[5,18,19,21,22]. In our patient, the antibody to Epstein-Barr virus was
positive in the serological findings without any signs of an active Epstein-Barr virus
infection. A clear association between IMT and infectious organisms seems to be
doubtful since in most reported series, including our own case, no acid-fast
organisms, fungi, parasites or bacteria could be identified in the tumor[10,19].
Radiological features of IMTLs are nonspecific and a definite radiological diagnosis
seems to be impossible. Due to the small cases (Tables 1 and 2) we could see, that the
tumor in ultrasonography mostly was hypoechogenic. An IMT may be suspected if a
defined soft tissue mass and a heterogeneous enhancement with invasive or noninvasive growth are present on adjacent structures in CT or MRI[6,8,23]. Not all patients
underwent a MRI for diagnostic treatment, only in eight cases[17,24-29]. Al-Hussaini et
al[24] and Kayashima et al[30] described a contrast-enhancing, hyper-intense well defined
lesion without going into details. In four cases the lesion in T1W was mostly
hypointense and T2W hyperintense[17,25,26,28]. Despite its rarity, lack of diagnostic signs
and symptoms, IMTL should not be ruled out as a differential diagnosis in liver
lesions like focal nodular hyperplasia, hepatocellular adenoma, carcinoma and
ecchinococcosis especially in young patients with normal tumor markers [7] . In
addition IMTL can sometimes mimic a liver abscess[22]. Although many synonyms
have been used for this lesion, including plasma cell granuloma, postinflammatory
tumor, xanthomatous pseudotumor, inflammatory pseudotumor, and inflammatory
fibrosarcoma [31] , the new classification clearly suggests the term inflammatory
myofibroblastic tumor of its suitable origin or organ, in our case an IMTL[4].
Due to the small number of cases worldwide (Tables 1 and 2), no clear diagnostic
tests or radiographic features exist that help to make a definite diagnosis without a
histopathological examination of the tissue [10] . We performed a comprehensive
literature search and studied the cases published during the last 10 years[5,7,17,24-30,32-47].
There were more men affected than women. The most common localization of the
tumor was on the right lobe of the liver. All patients in the described cases had at least
an ultrasonography and/or a CT. In some cases, the diagnostic work-up was
completed with MRI, MRCP or PET-CT. Due to the different radiological findings the
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Figure 3

Figure 3 Postoperative microscopic pathology of the inflammatory myofibroblastic tumors. A: Well demarcated firm vascularized tumor mass with spotty
inflammatory infiltrate; B: Bland proliferation of spindle cells in broad fascicles at higher magnification. Scattered lymphocytes and plasma cell; C: Intense positivity of
the spindel cells for anaplastic lymphoma kinase.

tentative diagnose showed a large variation from liver abscess, inflammatory process
and also malignancy.
In the gross examination of the resected specimen, most findings showed the
similar finding of a well-demarcated, unencapsulated, yellow-whitish mass.
Histologically infiltrations of chronic inflammatory-cells like lymphocytes,
neutrophils, eosinophils, and macrophages were often described. Whenever
immunohistochemical analyses were performed, ALK expression showed a similar
distribution. The performed treatment of the different cases varied according to the
initially suspected diagnose. In summary, more patients were treated conservatively,
although there is no clear indication for such a treatment. Surgical resections were
performed according to the size and location of the suspected tumor and varied from
small atypical resections to major hepatectomies. In most of the cases the definite
histology report of the resected specimen then showed the diagnosis of an IMTLUnfortunately, follow-up was not described in all published cases. Except for one
reported recurrence after 2.5 years, most patients stayed tumor-free during a followup ranging from X-Y months[48].
Surgical resection is usually recommended so that a proper pathological work-up
can be performed and malignancy can be ruled out. Nevertheless, several different
treatment strategies have been published including conservative approaches with
steroids, high-dose steroids, radiation and chemotherapy[6-8,11]. Interestingly, one case
with a spontaneous regression has also been reported [17] . A typical pathological
finding is that the IMTL’s are unencapsulated. They are usually solid or gelatinous on
the intersection and have a white color. Hemorrhage, calcification or necrosis are
rarely described[6,12], similar to the pathological findings in our case. As described by
Elpek et al[6], chromosomal translocations leading to the activation of ALK can be
detected in IMTLs. Although immunohistochemistry for ALK expression in
immunohistochemistry can reliably predict the presence of ALK gene rearrangement,
its prognostic relevance is still unclear[14,49]. IMTLs differ from IgG4-related liver
disease in terms of ALK expression, low IgG4 positive cell infiltration, and lack of
obstructive phlebitis[6].
The natural course of IMTL without curative surgical therapy is unclear. To date,
only a few cases have been described in which patients had local recurrence or
metastases after liver resections [15,16,48] . Due to the small numbers published
worldwide, no recommendations for the follow-up are available and patients is
treated according to the decisions made in the local interdisciplinary tumor boards. In
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our case, the finding of the pseudotumor was 4 mo postpartum. Due to the rather
large size of the lesion it was considered an advanced lesion. The pregnancy may
have masked general symptoms such as nausea, vomiting, and abdominal pain. So
far, only one case of newly diagnosed IMTL has been reported during pregnancy[18].

CONCLUSION
In summary of the literature and with the experience from our own recent case,
complete surgical resection of a suspected IMTL should be the preferred treatment of
choice in order to rule out malignancy, avoid long-term medical treatment and to be
able to recommend an appropriate follow-up for the patient.
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Abstract
BACKGROUND
The Pringle maneuver [portal triad obstruction(PTO)] provides huge
disturbances during ischemia and even more thereafter in reperfusion.
Contrarily, a possible solution may be stable gastric pentadecapeptide BPC 157,
with already documented beneficial effects in ischemia/reperfusion conditions.
Recently, BPC 157, as a cytoprotective agent, successfully resolved vessel
occlusions in rats (ischemic colitis; deep vein thrombosis, superior anterior
pancreaticoduodenal vein; bile duct cirrhosis) through rapid collateral vessel
recruitment to circumvent vessel occlusion. Thereby, medication BPC 157
regimens were administered as a single challenge before and during ischemia or,
alternatively, at various time points during reperfusion.
AIM
To introduce BPC 157 therapy against pringle maneuver-damage.
METHODS
In deeply anesthetised rats, the portal triad was clamped up for 30 min. Rats then
underwent reperfusion for either 15 min or 24 h. Medication [(10 µg, 10 ng/kg)
regimens, administered as a single challenge] picked (a) ischemia, PTO period [at
5 min before (ip) or at 5 or 30 min of ligation time (as a bath to PTO)] or (b)
reperfusion, post-PTO period [at 1 or 15 min (bath during surgery) or 24 h (ip)
reperfusion-time]. We provided gross, microscopy, malondialdehyde, serum
enzymes, electrocardiogram, portal, caval, and aortal pressure, thrombosis and
venography assessments.
RESULTS
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Core tip: Recently, cytoprotective agent BPC 157 successfully resolved vessel occlusions
in rats (ischemic colitis; deep vein thrombosis, superior anterior pancreaticoduodenal
vein) through rapid collateral vessel recruitment to circumvent vessel occlusion.
Medication BPC 157 [(10 µg, 10 ng/kg) regimens, administered as a single challenge]
picked (1) ischemia, portal triad obstruction (PTO) period [at 5 min before (ip) or at 5 or
30 min of ligation time (as a bath to PTO)] or (2) reperfusion, post-PTO period [at 1 or
15 min (bath during surgery) or 24 h (ip) reperfusion time]. Gross, microscopy,
malondialdehyde, serum enzymes, electrocardiogram, portal, caval and aortal pressure,
thrombosis and venography assessments demonstrated that BPC 157 successfully
attenuates ischemia-reperfusion injury of the liver and other organs. In particular, BPC
157 rapidly activates portocaval shunt, normalises arterial and disturbed blood pressure
(portal and caval hypertension and aortal hypotension), counteracts formation of blood
clots and cardiac rhythm changes and counteracts gastrointestinal mucosal lesions, as
complications that follow the Pringle maneuver.
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INTRODUCTION
We focused on the therapy of the Pringle maneuver in rats[1], so far not described
severe preportal hypertension [1] , the temporary portal triad obstruction (PTO),
ischemia, the short and prolonged reperfusion, the lack of adequate portocaval
shunting as the most detrimental feature that should be counteracted. With stable
gastric pentadecapeptide BPC 157[2-6], we suggest the resolution of the damages, either
those following occlusion or those following re-opening of the hepatic artery, portal
vein and bile duct.
Therapy is the recovering effect it has on occluded vessels, bypassing the occlusion
as the specific effect of BPC 157 in ischemia/reperfusion[7-11]. There is benefit arising
from BPC 157 therapy of the deep vein thrombosis, inferior caval vein occlusion,
colitis ischemia/reperfusion, duodenal venous congestion and cecum perforation[7-10].
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Recently, after induction of liver cirrhosis due to both bile duct ligation and portal
hypertension, prevention and reversal of the already pre-existing portal hypertension
to normal values[11] have become possible.
Therefore, in the PTO-syndrome in rats, the rapidly activated way, portal veinsuperior mesenteric, vein-inferior mesenteric vein-rectal vein-left iliac vein-inferior
caval vein, would appear as a specific activation of the collateral circulation, as the
bypassing loop that can rapidly circumvent occlusions and decompress PTO-rats
upon BPC 157 administration. That solution in Pringle-rats with ischemia and
reperfusion goes with the resolution of oxidative stress, hemodynamic disturbances,
severe portal and caval hypertension, aortic hypotension, rapid cloth formation in the
portal vein, superior mesenteric vein, lienal vein, inferior caval vein, hepatic artery,
ascites, peaked P waves, tachycardia; increased serum values; gross intestine, liver,
lung, spleen and heart lesions. Especially, it goes with the agent application during
reperfusion.
Contrarily, in preportal hypertension studies in chronically made portal veinstenotic rats, the high-grade portal-systemic shunting[12] is unable to decompress even
the slow development of steady mild portal hypertension[13-16]. The PTO-rat studies are
all without portal hypertension assessment[17-21]. They are only reperfusion-induced
injury studies[16-20]. Pre-existing ischemia was not investigated[17-21]. Finally, without the
agent’s application during reperfusion, all require preconditioning during the
ischemia (i.e., purportedly attenuated ischemia to attenuate reperfusion)[17-21].
On the other hand, the resolution of all these points in Pringle rats mandates BPC
157 pleiotropic beneficial effects[2-6]. This includes those it has on the liver (including
portal hypertension) and intestinal (i.e., simultaneously induced lesions by
NSAIDs[22-25], insulin[26], or alcohol[27]), lung[28-30], venous and arterial thrombosis[9,31] as
well as heart disturbances[32-36]. BPC 157 counteracts the free radical formation and
lesions in distinctive targets (i.e., liver[11,37] and gastrointestinal tract[7,8,10,38], vessels[9],
brain[39], sphincters[40], bladder[41]). Namely, BPC 157 is an original cytoprotective antiulcer peptide rapidly acting in particular to protect the endothelium, used in
ulcerative colitis and now in a multiple sclerosis trial, with lethal dose (LD1) not
achieved[2-6].
Ultimately, using the regimens effective in previous studies[7-11], rats before, during
and after the Pringle maneuver used several distinct BPC 157 regimens to resolve
ischemia (PTO-ligation-period) and reperfusion-related injury (post-PTO-period) and
demonstrated a direct beneficial effect with regard to either injury.

MATERIALS AND METHODS
Animals
Study protocols were conducted in male Albino Wistar rats, body weight 200 g, 12 wk
old, randomly assigned, used in all of the experiments, with six rats/group/interval,
approved by the local Ethics Committee (case number 380-59-10106-17-100/290) and
by the Directorate of Veterinary (UP/I-322-01/15-01/22). They were in-house bred Pharmacology animal facility, School of Medicine, Zagreb, Croatia. The animal facility
registered by the Directorate of Veterinary; Reg. No: HR-POK-007. Laboratory rats
were acclimated for 5 d and randomly assigned to their respective treatment groups.
They were housed in PC cages in conventional laboratory conditions at a temperature
of 20 °C-24 °C, a relative humidity of 40%-70% and a noise level 60 DCB. Each cage
was labelled according to study number, group, dose, number and sex of each animal.
Fluorescent lighting provided illumination 12 h/d. Standard Good Laboratory
Practice diet and fresh water were provided ad libitum. Animal care was in compliance
with the SOPs of the Pharmacology Animal facility; the European Convention for the
Protection of Vertebrate Animals used for Experimental and other Scientific Purposes
(ETS 123).
Ethical principles of the study ensured compliance with European Directive
010/63/E, the Law on Amendments to Animal Protection Act (Official Gazette
37/13), the Animal Protection Act (Official Gazette 135/06), Ordinance on the
Protection of Animals used for Scientific Purposes (Official Gazette 55/13), FELASA
recommendations and recommendations of the Ethics Committee School of Medicine,
University of Zagreb. Experiments were assessed by observers unaware of the given
treatment.

Drugs
As previously[15-19] medication, without carrier or peptidase inhibitor, included stable
gastric pentadecapeptide BPC 157 (a partial sequence of the human gastric juice
protein BPC, freely soluble in water at pH 7.0 and in saline).

WJH

https://www.wjgnet.com

186

May 27, 2020

Volume 12

Issue 5

Kolovrat M et al. BPC 157 resolves the whole Pringle maneuver

It was prepared as a peptide with 99% (HPLC) purity (1-des-Gly peptide was the
main impurity; manufactured by Diagen, Ljubljana, Slovenia, GEPPPGKPADDAGLV,
M.W. 1419) (dose and application regimens as described previously[2-11].

Surgery
In deeply anesthetised rats [thiopental (Rotexmedica, Germany) 40 mg/kg ip, apaurin
(Krka, Slovenia) 10 mg/kg ip], the portal triad was exposed via a midline laparotomy
and then clamped up for 30 min. Rats then underwent reperfusion for either 15 min or
24 h.

Medication
To evaluate lesions and blood vessel presentation by gross, microscopic and
venographic assessment, electrocardiogram (ECG), contrast ink application,
thrombosis, serum enzymes level assessment and free radicals in liver tissue
assessment, medication [BPC 157 (10 µg/kg, 10 ng/kg) or saline (5 mL/kg) (controls)]
was applied as a bath at the clamped area immediately after portal triad clamping in
rats with PTO. Likewise, the same medication [BPC 157 (10 µg/kg, 10 ng/kg) or saline
(5 mL/kg) (controls)] was applied as a bath at the area that used to be clamped
immediately after clamping removal and reperfusion initiation. For portal vein, caval
vein and abdominal aorta pressure recording, medication [BPC 157 (10 µg/kg, 10
ng/kg) or saline (5 mL/kg) (controls)] was applied intraperitoneally in rats at 5 min
before PTO, as a bath in rats with PTO at 5 min or 30 min of ligation time, as a bath in
rats that had PTO, in the post-PTO-period, at 1 minute or at 24 h of reperfusion time.
For portal vein, caval vein venography or yellow ink contrast application, the
medication [BPC 157 (10 µg/kg, 10 ng/kg) or saline (5 mL/kg) (controls)] was
immediately applied before as a bath in rats with PTO at 15 min of ligation time, as a
bath in rats used that had PTO, in the post-PTO-period, at 15 min reperfusion time.

Portal vein and abdominal aorta pressure recording
In deeply anesthetised and laparatomised rats, the recording lasted 5 min, with a
cannula (BD Neoflon™ Cannula) (assessed in 1-min intervals) connected to a pressure
transducer (78534C MONITOR/TERMINAL Hewlett Packard), inserted into the
portal vein, inferior caval vein and abdominal aorta at the level of bifurcation at 5 or
30 min of ligation time in rats with PTO or in rats that had PTO at 5 min or 24 h of
reperfusion time.
Of note, normal rats exhibit a portal pressure between 3 and 5 mmHg[34] or like the
pressure in the inferior caval vein (providing at least 1 mmHg higher values in the
portal vein) and abdominal aorta blood pressure values between 100 and 120 mmHg
at the level of bifurcation[17].

ECG recording
In deeply anesthetised rats, the ECG was recorded continuously in all three main
leads by positioning stainless steel electrodes on all four limbs, using an ECG monitor
via a 2090 Medtronic programmer (Minneapolis, MN, United States) connected to a
digital oscilloscope (LeCroy waverunner LT342, Chestnut Ridge, NY, United States),
which enabled precise recordings, measurements and analysis of the ECG
parameters[32-36].

Vessels, intestine, liver presentation
Using a camera attached to a USB microscope (Veho discovery VMS-004 deluxe), in
deeply anaesthetised rats, we directly recorded the presentation of the vessels. We
assessed vessels [filled/appearance or cleared out/disappearance (hollow)] at the
stomach and between the arcade vessels on the ventral and dorsal sides at a 1-cm long
segment of the duodenum, jejunum, ascending colon and between 10 vessels from the
proximal to the distal cecum throughout the experiment. Assessments were made at
selected time points before and after therapy - with regard to the point immediately
before therapy (as 100%) - in rats with PTO at 5, 15 and 30 min of ligation time and in
rats that had PTO at 5, 10 and 15 min of reperfusion time.
We grossly assessed yellow or pale areas in the liver [(1): Normal liver presentation
with no yellow or pale areas; (2) Only small yellow or pale areas; (3) Mild yellow or
pale areas; and (4) Extensive yellow or pale areas]. We assessed hemorrhagic
congestive areas in stomach, duodenum, jejunum, cecum and colon ascendens, scored
upon opening 1-4, (1) normal mucosa presentation; (2) only small hemorrhagic areas;
(3) advanced hemorrhagic areas; and (4) extensive and severe hemorrhagic areas.
Assessments occurred before sacrifice at 30 min of ligation time in rats with PTO or at
15 min or 24 h of reperfusion time in rats that had PTO.
Using the described camera attached to a USB microscope, we monitored the
application of yellow or orange ink (KOH-I-NOR HARDTMUTH, Ceske Budejovice,
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Czech Republic) in rats with a PTO-ligation into the portal vein below the point of
ligation or up to this point before its entry into the liver or the inferior caval vein. This
was done to verify, upon application, the rapid presentation (or absence) of contrast
in the liver, increased vessel-branching or tortuous veins of portosystemic shunts (of
portal vein-superior, mesenteric vein-inferior, mesenteric vein-rectal, veins-left iliac,
vein-inferior caval vein, azygos vein). Thereby, we used a simple scoring system (1)
presentation not different from healthy; (2) presentation shows moderate increase; (3)
presentation shows mild increase; and (4) presentation shows abundant increase.
Assessments were performed at 15 min of ligation time in rats with PTO or at 15 min
of reperfusion time in rats that had PTO. We used a total injection volume of 1 mL (0.1
mL/s) in the portal vein or of 2 mL (0.3 mL/s) in the inferior caval vein.

Venography
Venography, in a ﬂuoroscopy unit (Shimadzu type C-VISION PLUS, Tokyo, Japan)[17],
was performed (1) in rats with a PTO-ligation or (2) in rats that had PTO, during
reperfusion. Warmed non-ionic contrast medium (Iohexol; OMNIPAQUE 350, GE
Healthcare, Chicago, United States) was injected (A) in rats with a PTO-ligation into
the (1) portal vein below obstruction [total injection volume of 1 mL (0.1 mL/s)]; (2)
portal vein up to obstruction [total injection volume of 1 mL (0.1 mL/s)]; and (3)
inferior volume of 2 mL (0.3 mL/s). The contrast medium was visualised under real
time to assure adequate filling. The subtraction mode was used to record the images
(14 frames per second). At 15 min of ligation time, or at 15 min of reperfusion-time,
venograms were taken, captured and digitised onto a personal computer file,
followed by analysing using the ISSA (VAMSTEC- Software Company, Zagreb,
Croatia) image program. We assessed the number of rats presenting (1) full
presentation of the portal vein-superior, mesenteric vein-inferior, mesenteric veinrectal, vein-left iliac, vein-inferior caval, vein pathway (portal vein venography below
obstruction); (2) complete filling of the hepatic venous vascular bed, hepatic vein,
inferior caval vein and the right atrium of the heart (portal vein venography up to
obstruction); and (3) blood flow through the hepatic veins into the liver, and the liver
fully presented (inferior caval vein venography at the level of bifurcation) or (B) the
time to liver presentation in reperfusion with inferior caval vein venography at the
level of bifurcation.

Microscopy
In rats with PTO, at 30 min, and in rats after PTO, in the post-PTO period, in
reperfusion at 15 min and 24 h of reperfusion time, tissue specimens from liver,
spleen, stomach, duodenum, ileum, cecum, ascending colon, cecum, liver and heart
were obtained. The tissue specimens were fixed in buffered formalin (pH 7.4) for 24 h,
dehydrated and embedded in paraffin wax, followed by staining with hematoxylineosin. Tissue injury was evaluated microscopically by a blinded examiner.

Liver and spleen weight, ascites
Liver and spleen weight were expressed as percentages of the total body weight
(presenting in normal rats, for liver 3.2%-4.0% and 0.20%-0.26% for spleen). Likewise,
ascites (mL) were assessed.

Thrombus assessment
At death, the portal vein, the superior mesenteric vein (up to the inferior anterior
pancreaticoduodenal vein), the lienal vein inferior and the caval vein, as well as a
hepatic artery were removed, and the clot was weighed[17].

Bilirubin and enzyme activity
To determine the serum levels of aspartate transaminase (AST), alanine transaminase
(ALT, IU/L) and total bilirubin (μmol/L), blood samples were collected immediately
after euthanasia and centrifuged for 15 min at 3000 rpm. All tests were performed
using an Olympus AU2700 analyser with original test reagents (Olympus
Diagnostica, Lismeehan, Ireland)[28-34,42]. Since bilirubin levels were not increased, the
data are not shown.

Oxidative stress in liver
At the end of the experiment and at 30 min of PTO ligation time or in the post-PTO
ligation period, at 15 min and 24 h of reperfusion time, oxidative stress in the collected
tissue samples was assessed by quantifying thiobarbituric acid-reactive species as
malondialdehyde (MDA) equivalents, as described previously[15-19,43,44].
For this, the tissue samples were homogenised in PBS (pH 7.4) containing 0.1
mmol/L butylated hydroxytoluene (Tissue Ruptor, Qiagen, United States) and
sonicated for 30 s in an ice bath (Ultrasonic bath, Branson, United States).
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Trichloroacetic acid (10%) was added to the homogenate, the mixture was centrifuged
at 3000 rpm for 5 min, and the supernatant was collected. Then, 1% TBA was added,
and the samples were boiled (95 °C, 60 min). The tubes were then kept on ice for 10
min. Following centrifugation (14000 rpm, 10 min), the absorbance of the mixture was
determined at a wavelength of 532 nm. The concentration of MDA was estimated
based on a standard calibration curve plotted using 1,1,3,3’-tetraethoxypropane. The
extent of lipid peroxidation was expressed as MDA, using a molar extinction
coefficient of 1.56 × 105 mol/L/cm. The protein concentration was determined using a
commercial kit; the results are expressed in nmol per mg of protein.

Statistical analysis
Statistical analysis was performed by parametric one-way ANOVA with post hoc
Newman-Keuls test and non-parametric Kruskal-Wallis followed by the MannWhitney U-test to compare groups. Values are presented as the mean ± SD and as the
minimum/median/maximum values. To compare the frequency difference between
the groups, the χ2 test or Fischer's exact test was used; aP < 0.05 was considered
statistically significant.

RESULTS
We focused on the stable gastric pentadecapeptide BPC 157 and the recruitment of the
portal vein-superior, mesenteric vein-inferior, mesenteric vein-rectal, vein-left iliac,
vein-inferior caval vein pathway to recover Pringle rats in ischemia. Likewise, the
focus was on BPC 157 and the counteraction of the reperfusion-induced worsening
when applied in reperfusion.
All BPC 157 administration regimens (µg- and ng-regimens) were effective in
ischemia and reperfusion (Figures 1-14). The portal hypertension assay (Figure 1) and
the disturbances course documented a marked attenuation when it was given before
(5 min) PTO, much like in the rats with PTO and pre-existing severe portal
hypertension and systemic hypotension (seen in the abdominal aorta) (at 5 or 30 min
of ligation time). In reperfusion, the worsening that simultaneously appeared and
persisted, the huge portal hypertension and, even more, the caval hypertension and
aortic pressure not compensated (increasing to values of 80 mmHg) completely
disappeared with BPC 157 medication (given at 1 min and 24 h of reperfusion time)
(Figure 1). Likewise, unlike the controls with peaked P waves and tachycardia, QRS
complexes such as right bundle branch block (RBBB) pattern in all rats, in ischemia
and reperfusion, the peaked P waves and tachycardia either did not appear or, if preexisting, they rapidly disappeared with all BPC 157 regimens (Figure 1). The RBBB
pattern was absent (Fisher´s exact probability test aP < 0.05 at least vs control) and
sinus rhythm appeared in the normal range of heart frequency (Figure 2). As
visualised grossly, in ischemia and in reperfusion, with BPC 157, increased blood
vessel branching rapidly appeared in the serosa of all organs affected (Figures 3-5),
while the splenic veins were particularly less congested and tortuous (Figure 2), much
like the azygos vein, indicating the counteraction of the right heart malfunction
(Figure 5). In a period of 30 min of PTO, progressive thrombosis occurred in controls
(i.e. in the portal vein, the lienal vein, the superior mesenteric vein and the inferior
caval vein as well as in the hepatic artery) (Figure 6). Contrarily, strong attenuation
occurred in the veins and artery of the BPC 157 rats presenting only considerably
smaller clots (Figure 6). Likewise, in ischemia and reperfusion, BPC 157 rats had much
less ascites formation (Figure 6). Serum ALT and AST values in ischemia and in
reperfusion increased in controls and lessened in rats along with BPC 157
administration in either ischemia or reperfusion (Figure 7). Administration of BPC 157
in either ischemia or reperfusion markedly declined gross lesions in the liver
(yellowish areas in ischemia; grey areas in reperfusion) and in the gastrointestinal
tract (hemorrhagic lesions mostly exaggerated in the stomach and the duodenum in
ischemia and in reperfusion) (Figures 7-9); splenomegaly was abolished in ischemia,
but presented in reperfusion (Figure 7).
The MFDA-levels in the liver may be indicative. Regularly, PTO increased MDA
levels in the liver, and reperfusion additionally increased them, unless BPC 157
administration resulted in MDA levels in the liver within a normal, healthy range in
both ischemia and reperfusion (Figure 6).
Further, with respect to the portal vein-superior, mesenteric vein-inferior, superior
mesenteric vein-rectal, veins-left iliac, vein-inferior, caval vein shunt along with portal
hypertension, persisting (controls) or quickly counteracted (BPC 157), portal vein
venography (Figure 10) or orange ink contrast (Figure 10) application below ligation
likely revealed the portosystemic shunt non-functioning (controls) or functioning
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Figure 1

Figure 1 Counteracting effect of BPC 157 on portal, caval hypertension and aortal hypotension, sinus tachycardia, peaked P waves, in (1) ischemia and (2)
reperfusion. Portal, caval and aortal pressure (mmHg); P wave amplitudes (Mv) and heart frequency (beats/min) in rats (1) with portal triad obstruction (PTO), at the
end of 30 min PTO-period, or (2) after PTO, at the end of 24 h period of reperfusion, mean ± SD. Medication [BPC 157 10 µg/kg, 10 ng/kg, or saline (1 ml/rat)] was
given: (1) intraperitoneally at 5 min before PTO, or as a bath administration was given at 5 min or at 30 min PTO-time; and (2) a bath administration given at 1 min or
at 24 h after reperfusion initiation. The same results were obtained at 5 min reperfusion time (data not specifically shown). aP < 0.05, at least vs control. ECG:
Electrocardiogram.

(BPC 157) presentation. Controls presented such portosystemic shunt only weakly
(Fisher´s exact probability test aP < 0.05 at least vs control) (Figure 10A), inferior
mesenteric vein with the tortuous presentation (Figure 10A). The BPC 157 rats fully
presented portosystemic shunt as portal vein-superior, mesenteric vein-inferior,
superior mesenteric vein-rectal, veins-left iliac, vein-inferior caval vein way (Figure
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Figure 2

Figure 2 BPC 157 effect on electrocardiogram-disturbances (left) and lienal veins (right) presentation. Electrocardiogram presentation [lead I (upper), lead II
(middle), lead III (low)] at 30 min of portal triad obstruction (PTO)-ligation (Ic30; IB30) or in reperfusion (Rc15, RB15, Rc24 h, RB24 h) at 15 min and 24 h reperfusiontime in controls (Ic30, Rc15, Rc24 h) or BPC 157 (IB30, RB15, RB24 h)-rats. Note, while PTO control rats are regularly presenting with sinus tachycardia, peaked P
waves (Ic30, Rc15, Rc24 h), RBBB pattern of QRS complexes (Ic30), BPC 157 application markedly prevented or reversed all of these disturbances, having sinus
rhythm in normal range of heart frequency. Presentation of lienal veins, congestion and tortuosity in control rats at 30 min PTO-ligation time (Ic30, scored 3/4/4
Min/Med/Max) and at 15 min reperfusion time (Rc15, scored 2/2/2). Marked attenuation occurs in BPC 157 rats at 30 min PTO-ligation time [IB30, scored 2/2/2 (µg),
2/2/2 (ng), aP < 0.05, at least vs control], or in rats used to have PTO, at 15 min reperfusion time [RB15, scored 1/1/1 (µg), 1/1/1 (ng), aP < 0.05, at least vs control] as
well as at 24 h reperfusion time.

10B), rectal inferior mesenteric vein with increased branching (Figure 11a2). Likewise,
after BPC 157 application, as a function of time, portal vein venography up to ligation
(Figure 10) or yellow ink contrast (Figure 11) application, before its entry into the
liver, revealed complete filling of the hepatic venous vascular bed, hepatic vein,
inferior caval vein and the right atrium of the heart (Figure 10D). There was an
immediate presentation of the yellow contrast in the liver (Figure 11, b2 and b4),
which further progressed. Contrarily, in the controls, there was no filling of the
hepatic vascular bed or any other blood vessels except for the portal vein (note, as
administration of contrast continued, the portal vein ruptured) (Fisher´s exact
probability test aP < 0.05 at least vs control). Also, no yellow contrast appeared in the
liver; as the administration of contrast continued, the portal vein ruptured (Figure 11,
b1 and b3). Thus, a particular functioning of intrahepatic vasculature capacity occurs
in rats that received BPC 157 therapy. Also, after BPC 157 application, inferior caval
vein venography or yellow ink contrast application at the bifurcation site (Figures 7,
10E) demonstrated blood flow through the hepatic veins into the liver, and the liver
fully presented. There was an immediate and highly abundant presentation of yellow
contrast in the liver and in the hepatic veins. Contrarily, venography could regularly
not find blood flow through the hepatic veins into the liver, and the liver was not
presented in controls (Figure 7) (Fisher´s exact probability test aP < 0.05 at least vs
control), while the yellow contrast demonstrated an immediate, but very scant,
presentation in the liver and hepatic veins, which would later disappear (Figure 10E).
Consequently, it is likely that BPC 157 affects hepatic vein contribution, thereby
counteracting the absence of blood flow in the liver during PTO.
In reperfusion, we assume that also intrahepatic vasculature capacity during
reperfusion could be rescued. Namely, in reperfusion, portal vein venography (Figure
10) or yellow ink contrast (Figure 11) application into the inferior caval vein at the
bifurcation site demonstrated a distinctive reperfusion in BPC 157 rats, which
exhibited more extensive and faster reperfusion (Figures 10H and 11d2). This may be
an interesting finding with respect to BPC 157 administration in reperfusion, along
with the pre-existing ECG-disturbances, severe portal hypertension, and even more
caval hypertension and not compensated aortal hypotension and high MDA-level
liver, which were all counteracted, and organ lesions markedly attenuated. A
comparative venography assessment upon contrast application showed faster liver
presentation in BPC 157 rats [5.06 ± 0.1 (µg), 5.16 ± 0.2 (ng) vs 11.55 ± 0.1 (control) s]; aP
< 0.05, at least vs control. Consistently, a comparable application of yellow ink
revealed that BPC 157 rats showed abundant presentation of yellow contrast in the
liver before the controls.
Regularly, PTO rats, much like post-PTO rats, appeared with a considerable
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Figure 3 BPC 157 improves the vessels presentation during ischemia. Vessels presentation (filled/appearance or cleared out/disappearance) assessed at the
stomach, and between the arcade vessels on the ventral side at 1 cm long segment of duodenum, jejunum, ascending colon, and between 10 vessels from proximal
to distal cecum throughout the following experiment [with regard to the point immediately before therapy (as 100%) (A)] at selected time points before (A); and (i) after
therapy (B, C, D), in rats with portal triad obstruction (PTO) at 5 (B), 15 (C) and 30 (D) min PTO-ligation time; mean ± SD. The gross appearance of the tissue was
recorded using a USB microscope camera. At 1 min post-injury (PTO-ligation time), medication BPC 157, 10 μg/kg (BPC 157 μg), 10 ng/kg (BPC 157 ng), saline
(Saline) 5 mL/kg (1 mL/rat) as a bath. For clarity, the SD is not shown on the graph; the SD was never higher than 10% of the mean. Presentation at the dorsal side
corresponds with that on the ventral side. aP < 0.05 vs saline.

amount of similar lesions. Illustratively, in livers, the substantial congestion of the
central vein, as well as the branches of the terminal portal venules, are the most
prominent findings (Figure 8), along with submucosal edema, substantial capillary
congestion, extravasation of erythrocytes and erythrocytes with ischemic changes
consistently present in the stomach, duodenum, jejunum, cecum and ascending colon
(Figures 12 and 13). Specifically, lifting of the surface of the mucosal epithelial layer
appears in the stomach, along with the loss of villous architecture, loss of surface
epithelium in the duodenum, jejunum and cecum and focal loss of epithelium in the
ascending colon. The BPC 157 therapy largely attenuated all of the noted changes in
PTO-rats (Figures 12 and 13). In the liver, BPC 157 rats showed no congestion of the
central vein or branches of the terminal portal venules (Figure 8), as well as less
submucosal edema, capillary congestion and preserved mucosal architecture
throughout the whole intestine (Figures 12 and 13). Lungs presented with preserved
architecture, but mild to severe capillary congestion in alveolar septa, progressing
during the reperfusion, particularly with a prolonged period, a course markedly
counteracted in BPC 157 rats (Figure 14).
In the spleen, all rats exhibited sinusoidal congestion and enlargement of the red
pulp, leading to a reduction of the white pulp at the end of the ischemia (data not
shown).
Likewise, as expected, no morphological changes were found in the myocardium,
mainly because changes found on an ECG were the result of acute right ventricular
overload (data not shown).
Generally, these results indicate the success of BPC 157 therapy (Figures 1-14). With
BPC 157 given either before or during PTO, there is the resolution of
ischemia–induced disturbances. Likewise, with BPC 157 given during reperfusion,
after PTO, at post-PTO time, there is a counteraction of the reperfusion-induced
disturbances in rats.
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Figure 4 BPC 157 improves the vessels presentation during reperfusion. Vessels presentation (filled/appearance or cleared out/disappearance) assessed at the
stomach, and between the arcade vessels on the ventral side at 1 cm long segment of duodenum, jejunum, ascending colon, and between 10 vessels from proximal
to distal cecum throughout the following experiment [with regard to the point immediately before therapy (as 100%) (A)] at selected time points before (A); and after
therapy (B, C), in rats used to have portal triad obstruction (PTO) at 15 min (B) and 24 h (C) post-PTO-ligation time; mean ± SD. The gross appearance of the tissue
was recorded using a USB microscope camera. At at 1 min reperfusion-time (post-PTO-ligation time), medication BPC 157, 10 μg/kg (BPC 157 μg), 10 ng/kg (BPC
157 ng), saline (Saline) 5 mL/kg (1 mL/rat) as a bath. For clarity, the SD is not shown on the graph; the SD was never higher than 10% of the mean. Presentation at
the dorsal side corresponds with that on the ventral side. aP < 0.05 vs saline.

DISCUSSION
We emphasize the resolving of the Pringle maneuver, the stable gastric
pentadecapeptide BPC 157[2-6] therapy in ischemia and in reperfusion, its portal veinsuperior mesenteric vein-inferior mesenteric vein-rectal vein-left iliac vein-inferior
caval vein pathway recruitment (Figures 10 and 11). This therapeutic effect rapidly
decompressed portal hypertension and related disturbances in Pringle rats (Figure 1),
much like its particular effect on the occluded vessels, the bypassing of the occlusion
and the reestablishment of the blood flow[7-11]. Supportive effectiveness analogy goes
with the successful ischemic/reperfusion therapy demonstrated in the rats with the
infrarenal occlusion of the inferior caval vein, ischemic/reperfusion colitis, duodenal
congestion and cecum perforation injuries[7-10], as well as bile-duct-induced liver
cirrhosis with portal hypertension [11] . Here, BPC 157 administration in ischemia
promptly attenuates portal hypertension (effective prophylactically (portal
hypertension development prevented); a therapeutic effect against pre-existing shortlasting and long-lasting portal hypertension, both decreased instantaneously).
Moreover, in the worst reperfusion condition, as therapy efficacy progressed, BPC 157
completely eliminated both portal and caval hypertension and aortal hypotension
(Figure 1).
Illustratively, inferior mesenteric vein presentation is tortuous in controls, unlike in
BPC 157 rats (Figure 11). In BPC 157-rats, in ischemia and in reperfusion, the end
result of the oxidative stress (MDA level) in the liver is continuously within the
normal values. Contrarily, in the control livers, high MDA values during PTO further
progressed in reperfusion (Figure 6)[2-6]. Control rats exhibited rapid clot formation (in
the portal vein, superior mesenteric vein, lienal vein, inferior caval vein, hepatic
artery) (Figure 6) and ascites (consistently present in the ischemia and reperfusion
period) (Figure 6). These disturbances contrast with apparently less venous and less
arterial clots and less ascites in BPC 157 rats, as emphasized previously [9,11,31] .
Moreover, controls presented with immediately peaked P values, tachycardia and an
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Figure 5

Figure 5 BPC 157 effect on cecal vessels (left, Ic5, Ic15, Ic30, Rci, Rc15, IB5, IB15, IB30, RBi, RB15) and azygos veins [right, Ic30, Rc15, Rc24 h, IB30, RB15,
RB24 h (white letters)] presentation. Presentation of cecal vessels. Controls with veins congestion and tortuosity at 5 min (Ic5), 15 min (Ic15) and 30 min (Ic30)
portal triad obstruction (PTO)-ligation time, and in reperfusion, immediately (Rci) and at 15 min reperfusion time (Rc15); markedly attenuated veins congestion and
tortuosity, increased small vessel branching, “honeycomb” smaller vessel network, in BPC 157 rats 5 min (IB5), 15 min (IB15) and 30 min (IB30) PTO-ligation time,
and in reperfusion, immediately (RBi) and at 15 min reperfusion-time (RB15) (Figures 3 and 4). Presentation of azygos veins (yellow ink contrast in inferior caval vein)
controls with congestion and tortuosity at 30 min PTO-ligation time (Ic30, scored 2/2/2 Min/Med/Max likely reflecting right heart failure), at 15 min (Rc15, scored 3/3/3)
and 24 h (Rc24 h, scored 3/3/3) in reperfusion time, likely reflecting persisting right heart failure. Marked attenuation occurs in BPC 157 rats at 30 min PTO-ligation
time [IB30, scored 1/1/1 (µg), 1/1/1 (ng), aP < 0.05, at least vs control] and in reperfusion, at 15 min (RB15, scored 1/1/1 (µg), 1/1/1 (ng), aP < 0.05, at least vs control)
and at 24 h [RB 24 h, scored 1/1/1 (µg), 1/1/1 (ng), aP < 0.05, at least vs control] reperfusion-time.

RBBB pattern of QRS complexes as the identifiers of the right heart failure (Figures 1
and 2) [and thereby, congested azygos vein (Figure 5) and lung congestion (Figure
14)]. This failure contrasts with the ECG disturbances completely abrogated (and
thereby, non-congested azygos vein) and less lung congestion in BPC 157-rats[2-6].
Therefore, the immediate presentation of adverse effects and the immediate
therapeutic effect may suggest the essential immediate cause-consequence chain of
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Figure 6

Figure 6 BPC 157 counteracts ascites (mL) (upper), increased MDA-level (nmol/mg protein) in liver (low), in ischemia and reperfusion, and thrombus
presentation (thrombus mass, g) in veins [inferior caval vein, portal vein, superior mesenteric vein, lienal vein] and artery (hepatic artery) (middle) during
portal triad obstruction. Assessment at 30 min portal triad obstruction (PTO)-ligation time, and in reperfusion, at 15 min and 24 h reperfusion time, mean ± SD. At 1
min post-injury (PTO-ligation time) (ischemia), or at 1 min reperfusion-time (post-PTO-ligation time) (reperfusion), medication (BPC 157, 10 μg/kg, 10 ng/kg, saline 5
mL/kg (1 mL/rat)) as a bath. aP < 0.05 vs saline. aP < 0.05, at least vs healthy liver.

events and, in particular, the relation to the liver as the prime organ affected[2-6], liver
and liver circulation failure, presentation (controls) and counteraction (BPC 157) in
Pringle rats. All controls exhibited gross lesion progression, in ischemia and in
reperfusion (Figure 7), increased enzyme serum values (Figure 7) and a dilated central
vein and terminal portal venules (Figure 8). This contrasts with the markedly spared
gross liver presentation, less gross lesions in the ischemia and in the reperfusion,
lower serum enzyme values and no congestion of the central vein or branches of the
terminal portal venules in BPC 157-rats.
First, while the quick activation of the portal vein-superior mesenteric vein-inferior
mesenteric vein-rectal vein-left iliac vein-inferior caval vein pathway may rapidly
decompress portal hypertension, this may reflect the regular absence of blood in the
sinusoid[45] and reversal with BPC 157 therapy. Unlike controls, in BPC 157 rats, there
is retrograde blood entry through the hepatic veins and liver visibility or yellow
contrast presentation in hepatic veins, as well as rapid abundant presentation in the
liver (inferior caval vein venography or yellow contrast application in inferior caval
vein, during PTO) (Figures 10 and 11). Consequently, the anoxic effect of ischemia on
sinusoidal endothelial cells, Kupffer cells and hepatocytes, was accentuated (controls),
or counteracted (BPC 157), and thereby, enhanced liver dysfunction was accentuated
(controls) or counteracted (BPC 157), as reflected in the more (controls) or markedly
less (BPC 157) increase in liver enzymes (Figure 7) (including also the consequence of
reduced bile flow rate)[45].
Second, portal vein venography (or yellow contrast application) up to the ligation
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Figure 7

Figure 7 BPC 157 counteracts increased serum enzymes values (IU/L, mean ± SD), gross lesions severity (liver, stomach, duodenum, jejunum, cecum,
ascending colon) scored 0-4, Min/Med/max, splenomegaly (relative spleen weight as % of total body weight, mean ± SD) in ischemia, (splenomegaly
appears in early reperfusion). Assessment at 30 min portal triad obstruction (PTO)-ligation time, and in reperfusion, at 15 min and 24 h reperfusion time. At 1 min
post-injury (PTO-ligation time) (ischemia), or at 1 min reperfusion-time (post-PTO-ligation time) (reperfusion), medication (BPC 157, 10 μg/kg, 10 ng/kg, saline 5 mL/kg
(1 mL/rat)) as a bath. aP < 0.05 vs saline.

before its entry into the liver indicates the particular functioning (BPC 157) [or nonfunctioning (controls)] of intrahepatic vasculature capacity during PTO in rats. Unlike
in the controls, with BPC 157 therapy, as a function of time, there was the complete
filling of the hepatic venous vascular bed, the hepatic vein, the inferior caval vein and
the right atrium of the heart and an immediate presentation of yellow contrast in the
liver, which further progressed (Figures 10 and 11).
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Figure 8

Figure 8 BPC 157 effect on liver gross presentation (left, Ic5, Ic15, Ic30, Rci, Rc15, IB5, IB15, IB30, RBi, RB15) and liver microscopy [right, Ic30, Rc15, Rc24
h, IB30, RB15, RB24 h (white letters)] presentation. Liver gross presentation. Yellowish liver presentation in control rats at 5 min (Ic5), 15 min (Ic15) and 30 min
(Ic30) portal triad obstruction (PTO)-ligation time and in reperfusion with pale areas, immediately after medication (Rci) and at 15 min reperfusion time (Rc15); BPC
157 application markedly attenuated these changes, during PTO (IB5, IB15, IB30) as well as in reperfusion time (RBi, RB15) (see Figure 7). Liver microscopy (HE
staining, × 10). Controls. Substantial congestion of central vein as well as branches of terminal portal venules present at the end of 30 min PTO ischemia period
(Ic30). With reperfusion, as seen at 15 min of reperfusion (Rc15) as well as at 24 h of reperfusion, substantial congestion of central vein as well as branches of
terminal portal venules remained (Rc24 h). BPC 157. Substantial congestion of central vein as well as branches of terminal portal venules counteracted at the end of
30 min PTO ischemia period (IB30). With reperfusion, as seen at 15 min of reperfusion (RB15) as well as at 24 h of reperfusion (RB24 h), the reversal of substantial
congestion of central vein as well as branches of terminal portal venules.

As a final point, the acknowledged increased vascular incapacitation of the liver
during reperfusion as a follow up of PTO (and thereby, persistent severe portal
hypertension, complicated with even more caval hypertension), the therapy
application in reperfusion could either further accentuate (saline, controls) or rapidly
resolve (BPC 157) debilitated intrahepatic vascular capacity. Therefore, in BPC 157
rats, the rescue is documented with the inferior caval vein venography, much like
with the yellow contrast application in the inferior caval vein during reperfusion. The
BPC 157 rats exhibited more rapid and extensive full liver presentation and yellow
contrast in the liver (Figures 10 and 11); they also microscopically counteracted
substantial congestion of the central vein as well as branches of the terminal portal
venules (Figure 5). Simultaneously, as already mentioned above, just opposite to the
downhill course in controls, portal and caval hypertension and aortal hypotension
disappeared (Figure 1), peaked P waves and tachycardia disappeared (Figure 1), lung
congestion decreased (Figure 14) and MDA liver values became normal (Figure 6). In
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Figure 9

Figure 9 BPC 157 effect on gastrointestinal lesions gross presentation in ischemia (upper) and in reperfusion (lower). A: Stomach; B: Duodenum; C:
Jejunum; D: Cecum; E: Ascending colon. Lesions presentation in controls, at 30 min portal triad obstruction (PTO)-ligation-time in rats with PTO, and at 24 h
reperfusion-time. Lesions attenuation in BPC 157 rats, at 30 min PTO-ligation-time in rats with PTO, and at 24 h reperfusion-time (Figure 7).

addition, it may be the prompt antithrombotic effect of BPC 157 application[9,31,43,46] that
provided the abrogated thrombosis[1] as an important factor to rescue the disturbed
hepatic microcirculation and increased hepatic vascular resistance. Likely, BPC 157
acts to counteract Virchow, as it did in the rats with inferior caval vein occlusion[9].
Thus, BPC 157 may counteract the regular venous return decrease to the heart and
failure of spontaneous decompression of the portal system (note, caval hypertension
was consistently elevated in comparison to the portal hypertension, with a gradient of
at least 10 mmHg). Such a special effect may be that BPC 157 specifically interacts
with the NO-system[44], counteracts NOS-blocker L-NAME-induced hypertension as
well as NOS-substrate L-arginine-induced hypotension[43], potassium over-dose and
severe hyperkalemia arrhythmias and hypertension[33] or doxorubicin-induced chronic
heart failure and hypotension[34].
Resolution with BPC 157 therapy abrogated all congestive hemorrhagic intestinal
lesions, from the stomach to the ascending colon (Figures 7, 9, 12 and 13). Providing
resolution of hemodynamic disturbances (Figure 1), in addition to the known
beneficial BPC 157 effect on liver and gastrointestinal lesions[2-6], there is a supportive
chain of events in the counteraction of lesions in ischemia and reperfusion. This
occurs along with the rapid activation of a bypassing loop and, consequently, portal
hypertension counteraction (Figure 1). Along with this is a “honeycomb” smaller
vessel network, which appears at the intestinal serosa (Figures 3-5), a finding noticed
in rats with ischemic/reperfusion colitis, duodenal venous congestion lesions or
inferior caval vein occlusion[7-10]. Otherwise, intestinal ischemia[42] appears as the final
consequence of blood pooling in the splanchnic bed, inducing portal hypertension
and multivisceral edema; mesenterial venous occlusion could induce intestinal injury
as early as within 5 min, both of which are inflow and outflow alterations[47].
Probably, these findings, when summarized, would need relations that are more
precise. On the other hand, the recovery of the Pringle rats, in the ischemia and in the
reperfusion, could explain the previously described pleiotropic effect on all of the
affected systems[2-6], venous and arterial thrombosis[9,31] and free radical formation[2-6].
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Figure 10

Figure 10 BPC 157 and venography assessment. Portal vein venography below obstruction. A, B: The portal vein-superior mesenteric vein-inferior superior
mesenteric vein-rectal veins-left iliac vein-inferior caval vein shunt presentation in rats with a portal triad obstruction (PTO)-ligation, controls (A), BPC 157 (B); C, D:
Portal vein venography up to obstruction before its entry into the liver. Presentation of filling of the hepatic venous vascular bed, hepatic vein, inferior caval vein and
the right atrium of the heart in rats with a PTO-ligation, controls (C) (note, as administration of contrast continued, the portal vein ruptured), BPC 157 (D); E, F: Inferior
caval vein venography at the level of bifurcation. Blood flow through the hepatic veins into the liver, and the liver presentation in rats with a PTO-ligation, controls (E),
BPC 157 (F); G, H: Reperfusion with inferior caval vein venography at the level of bifurcation. Presentation at the time when liver is presented in BPC 157 rats (H), and
still not presented in controls (G). Venography 15 min of ligation-time, or at 15 min of reperfusion-time a ﬂuoroscopy unit (Shimadzu type C-Vision Plus, Tokyo, Japan),
Warmed non-ionic contrast medium (Iohexol; Omnipaque 350, GE Healthcare, Chicago, United States), a total injection volume of 1 mL (0.1 mL/s) in portal vein (A-D),
or 2 mL (0.3 mL/s) in inferior caval vein (E-H).

Namely, BPC 157 affects different molecular pathways noted in counteracting
tumor cachexia[48], vascular occlusion[9], and various lesions (i.e., skin[49,50], tendon[51,52],
muscle[53]). Of note, the progressive activation of the mTOR signalling pathway is
likely a pathogenic mechanism of portal hypertension, and thereby a blockade of
mTOR as a possible therapy[54]. Also, a release of TNF from the liver by the injured
hepatic tissue, delivered to the pulmonary circulation as the first vascular bed, could
be responsible for lung lesions[55]. Therefore, it is indicative that in counteracting
tumor-induced muscle cachexia, BPC 157 counteracts the expression of p-mTOR,
much like it counteracts the increase of pro-inflammatory and pro-cachectic cytokines
such as IL-6, TNF-α and the expression of FoxO3a, p-AKT and P-GSK-3β[48].
Thus, the administration of BPC 157 resolves the adverse effects of the Pringle
maneuver. The immediate recovery of collaterals results in the bypassing of the
obstruction, even in the worst conditions of PTO disturbances. Accordingly, the
reversal of the signs of the right heart failure occurs. Portal hypertension markedly
decreased and completely disappeared. Likely, this combined effect resolves the
further circle of injuries (i.e., the specific pathology in the liver, intestine, spleen, lung
and heart). Specifically, the disturbed hemodynamics (i.e., the severe portal
hypertension and severe aortal hypotension during PTO as well as the severe portal
and caval hypertension and mild aortal hypotension in reperfusion, along with
refractory ascites formation), thrombosis and ischemia, perpetuated and progressed
by reperfusion in the Pringle rats, would be attenuated or completely abrogated. The
rapid reestablishment of blood flow in both the ischemic and reperfusion conditions
accompanied the reduction of the increased MDA values in liver tissues to the normal
values. Thus, these new insights into PTO and related disturbances, and into portal
hypertension, suggest the effective BPC 157 use in future therapy. Otherwise, the
abrupt PTO and severe portal hypertension (> 60 mmHg) [and in reperfusion, caval
hypertension (> 70 mmHg)] makes spontaneous decompression of the portal system
by a portocaval shunt hardly possible as well as severe aortal hypotension in the
ischemia not compensated in the reperfusion. Further, these notations likely correlate
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Figure 11

Figure 11 BPC 157 and yellow (orange) contrasts assessment. Application in portal vein below obstruction. A: The portal vein-superior mesenteric vein-inferior
superior mesenteric vein-rectal veins-left iliac vein-inferior caval vein shunt presentation in rats with a portal triad obstruction (PTO)-ligation, with rectal inferior
mesenteric vein with the tortuous presentation controls (a1: scored 3/4/4 Min/Med/Max)) or rectal inferior mesenteric vein with increased branching , BPC 157 [a2:
scored 1/1/2 (µg), 1/1/2 (ng) Min/Med/Max, aP < 0.05, at least vs control)]; B: Application in portal vein up to obstruction before its entry into the liver. Presentation of
yellow contrast filling of the liver in rats with a PTO-ligation, controls [no yellow contrast in the liver (upper, b1, b3) (scored 1/1/1 Min/Med/Max)] [note, as
administration of contrast continued (b3), the portal vein ruptured], BPC 157 (immediate presentation of yellow contrast (down, b2, b4) in the liver that further
progressed (down, b4) scored 4/4/4 (µg), 4/4/4 (ng) Min/Med/Max, aP < 0.05, at least vs control); C: Application in inferior caval vein in rats with a PTO-ligation.
Presentation of the hepatic veins into the liver, and the liver presentation in rats with a PTO-ligation, controls (c1: immediate scant yellow contrast presentation in liver
that would later disappear and poor presentation in hepatic veins, scored 1/1/2 Min/Med/Max)), BPC 157 (c2: immediate very abundant presentation of yellow contrast
in the liver, the yellow contrast in hepatic veins abundantly seen, scored 4/4/4 (µg), 4/4/4 (ng) Min/Med/Max, aP < 0.05, at least vs control); D: Reperfusion with yellow
ink contrast application in inferior caval vein at the level of bifurcation. Presentation at the time when liver is fully presented in BPC 157 rats [d2: scored 3/4/4 (µg),
3/4/4 (ng) Min/Med/Max, aP < 0.05, at least vs control)], and still not fully presented in controls (d1: scored 1/2/3 Min/Med/Max). A total injection volume of 1 mL (0.1
mL/s) in portal vein (A, B), or 2 mL (0.3 mL/s) in inferior caval vein (C, D).

with important pulmonary pathological alterations (i.e., the adult respiratory distress
syndrome) associated with human liver transplantation [56] , portopulmonary
hypertension common in cirrhosis with refractory ascites[57], as well as with a high
incidence of caval hypertension in patients with portal hypertension[58].
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Figure 12

Figure 12 BPC 157 effect on gastrointestinal lesions microscopy presentation [stomach, duodenum, ileum]. A: Stomach (HE staining, × 20), Controls:
Enhanced capillary congestion and erythrocytes extravasation present at the end of 30 min portal triad obstruction (PTO) ischemia period (Ic30). With reperfusion, as
seen at 15 min of reperfusion the lesion progressed to enhanced capillary congestion, mild lifting of surface epithelial layer from lamina propria (Rc15). At the 24 h of
reperfusion appears enhanced capillary congestion in lamina propria with erythrocytes showing ischemic changes (Rc24 h). BPC 157: Mildly villous surface, rare
erythrocytes with ischemic changes present at the end of 30 min PTO ischemia period (IB30). With reperfusion, glandular architecture preserved at 15 min of
reperfusion (RB15). At the 24 h of reperfusion appears only mild capillary congestion in lamina propria is seen. Architecture of glands is preserved (RB24 h). B:
Duodenum (HE staining, × 20), Controls: Loss of villous architecture, loss of surface epithelium, edema of lamina propria present at the end of 30 min PTO ischemia
period (Ic30). With reperfusion, the lesion progressed as seen with edema of lamina propria with extravasation of erythrocytes, some of them with ischemic changes,
and focal loss of surface epithelium at 15 min of reperfusion (Rc15). At the 24 h of reperfusion appear enhanced capillary congestion, focal erythrocytes showing
ischemic changes (Rc24 h). BPC 157: Mild capillary congestion in lamina propria is seen with edema of lamina propria. Extravasation of erythrocytes, elevation of
surface epithelium from lamina propria at the end of 30 min PTO ischemia period (IB30). Villous architecture is preserved. Edema of lamina propria with extravasation
of erythrocytes and reparatory changes of epithelium. Mild capillary congestion in lamina propria is seen at 15 min of reperfusion (RB15). At the 24 h of reperfusion
villous architecture is preserved. Edema of lamina propria (RB24 h); C: Ileum (HE staining, × 20), Controls: Loss of villous architecture, enhanced elevation of surface
epithelium from lamina propria with loss of surface epithelium, edema of lamina propria, marked capillary congestion present at the end of 30 min PTO ischemia
period (Ic30). With reperfusion, edema of lamina propria with extravasation of erythrocytes. Some of them with ischemic changes. Mild lymphocytic infiltrate. Focal
elevation of surface epithelium from lamina propria, at 15 min of reperfusion (Rc15). At the 24 h of reperfusion appear enhanced capillary congestion, focal
erythrocytes showing ischemic changes (Rc24 h). BPC 157: Mild capillary congestion in lamina propria is seen with mild edema of lamina propria. Mild elevation of
surface epithelium from lamina propria. Some lymphocytes infiltrating lamina propria at the end of 30 min PTO ischemia period (IB30). Villous architecture is
preserved, edema of lamina propria with extravasation of erythrocytes and mild lymphocytic infiltrate is seen at 15 min of reperfusion (RB15). At the 24 h of
reperfusion mild capillary congestion in lamina propria is seen, villous architecture is preserved, edema of lamina propria (RB24 h).
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Figure 13

Figure 13 BPC 157 effect on gastrointestinal lesions microscopy presentation (cecum, colon). A: Cecum (HE staining, × 20), controls: Increased capillary
congestion and edema of lamina propria. Extravasation of erythrocytes some of them with ischemic changes. Present at the end of 30 min portal triad obstruction
(PTO) ischemia period (Ic30). With reperfusion, at 15 min of reperfusion mild capillary congestion with just focal loss of surface epithelium. Mild infiltrate of
lymphocytes (Rc15). At the 24 h of reperfusion appear enhanced capillary congestion, focal erythrocytes showing ischemic changes (Rc24 h). BPC 157: Mild capillary
congestion in lamina propria is seen with mild edema of lamina propria at the end of 30 min PTO ischemia period (IB30). Mild capillary congestion in lamina propria is
seen at 15 min of reperfusion (RB15). At the 24 h of mild capillary congestion in lamina propria is seen. Edema of lamina propria (RB24 h); B: Colon (HE staining, ×
20), controls: Increased capillary congestion and edema of lamina propria, extravasation of erythrocytes some of them with ischemic changes, focal loss of surface
epithelium present at the end of 30 min PTO ischemia period (Ic30). With reperfusion, at 15 min of reperfusion mild capillary congestion with just focal loss of surface
epithelium (Rc15). At the 24 h of reperfusion appear enhanced capillary congestion, focal erythrocytes showing ischemic changes (Rc24 h). BPC 157: Mild capillary
congestion in lamina propria with mild edema of lamina propria at the end of 30 min PTO ischemia period (IB30). Mild capillary congestion in lamina propria is seen at
15 min of reperfusion (RB15). At the 24 h of mild capillary congestion in lamina propria is seen. Edema of lamina propria (RB24 h).
Figure 14

Figure 14 Lung (HE staining, × 4). Portal triad obstruction-rats, 24 h reperfusion (control, left; BPC 157 right). While architecture was preserved, there was in portal
triad obstruction-rats some edematous exudate in alveoli and progressing capillary congestion, mild to severe in alveolar septa, which counteraction was clearly seen
at 24 h of reperfusion.

ARTICLE HIGHLIGHTS
Research background
The Pringle maneuver (portal triad obstruction) provides huge disturbances during ischemia

WJH

https://www.wjgnet.com

202

May 27, 2020

Volume 12

Issue 5

Kolovrat M et al. BPC 157 resolves the whole Pringle maneuver
and even more thereafter in reperfusion. Contrarily, a possible solution may be stable gastric
pentadecapeptide BPC 157, with already documented beneficial effects in ischemia/reperfusion
conditions. Recently, BPC 157, as a cytoprotective agent, successfully resolved vessel occlusions
in rats (ischemic/reperfusion colitis; deep vein thrombosis, superior anterior pancreaticoduodenal vein; bile duct cirrhosis) through rapid collateral vessel recruitment to circumvent
vessel occlusion. Likely, as a new effect, BPC 157 application may be useful when applied in the
ischemia condition much like when given in the reperfusion condition. Thereby, medication BPC
157 regimens were administered as a single challenge before and during ischemia or,
alternatively, at various time points during reperfusion.

Research motivation
We focused on the therapy of the Pringle maneuver in rats, so far not described severe preportal
hypertension, the temporary portal triad obstruction (PTO), ischemia, the short and prolonged
reperfusion, the lack of adequate portocaval shunting as the most detrimental feature that
should be counteracted. With stable gastric pentadecapeptide BPC 157, we suggest the resolution
of the damages, either those following occlusion or those following re-opening of the hepatic
artery, portal vein and bile duct.

Research objectives
The first objective in the PTO-syndrome in rats is the rapidly activated way, portal vein-superior
mesenteric, vein-inferior mesenteric vein-rectal vein-left iliac vein-inferior caval vein, supposed
to appear as a specific activation of the collateral circulation, as the bypassing loop that can
rapidly circumvent occlusions and decompress PTO-rats upon BPC 157 administration. The
additional objective is verification that that solution in Pringle-rats with ischemia and
reperfusion goes with resolution of the whole syndrome. In this, there are the resolution of
oxidative stress, hemodynamic disturbances, severe portal and caval hypertension, aortic
hypotension, rapid cloth formation in the portal vein, superior mesenteric vein, lienal vein,
inferior caval vein, hepatic artery, ascites, peaked P waves, tachycardia; increased serum values;
gross intestine, liver, lung, spleen and heart lesions. The final objective is demonstration that it
goes also with the agent application during reperfusion.

Research methods
In the Pringle-rats with the PTO occluded or reopen, assessment includes gross (USB camera)
and microscopic observations, venography, blood pressure and electrocardiogram assessment,
bilirubin and enzyme activity, levels of nitric oxide, malondialdehyde in the liver. With the
mentioned methods, assessed was the activated pathway, portal vein-superior mesenteric, veininferior mesenteric vein-rectal vein-left iliac vein-inferior caval vein. Then, we assessed the
resolution of the oxidative stress, hemodynamic disturbances, severe portal and caval
hypertension, aortic hypotension, rapid cloth formation in the portal vein, superior mesenteric
vein, lienal vein, inferior caval vein, hepatic artery, ascites, peaked P waves, tachycardia;
increased enzymes serum values; gross intestine, liver, lung, spleen and heart lesions.

Research results
BPC 157 counteracts electrocardiogram disturbances (increased P wave amplitude, S1Q3T3 QRS
pattern and tachycardia). BPC 157 administration rapidly presented portal vein-superior
mesenteric vein-inferior mesenteric vein-rectal veins-left ileal vein-inferior caval vein vascular
pathway as the adequate shunting. As evidenced, this vascular pathway recovery means the
immediately recovered disturbed hemodynamic. Portal hypertension and severe aortal
hypotension during PTO, as well as portal and caval hypertension and mild aortal hypotension
in reperfusion and refractory ascites formation were markedly attenuated (during PTO) or
completely abrogated (reperfusion); thrombosis in portal vein tributaries and inferior caval vein
or hepatic artery was counteracted during PTO. Likewise, the whole vicious injurious circle was
counteracted [i.e., lung pathology (severe capillary congestion), liver (dilated central veins and
terminal portal venules), intestine (substantial capillary congestion, submucosal edema, loss of
villous architecture), splenomegaly, right heart (picked P wave values)], otherwise regularly
perpetuated in ischemia and progressed by reperfusion in Pringle rats.

Research conclusions
BPC 157 resolves Pringle maneuver in rats, both for ischemia and reperfusion.

Research perspectives
The reported evidence that the administration of BPC 157 resolves the adverse effects of the
Pringle maneuver means the immediate recovery of collaterals, which results in the bypassing of
the obstruction, even in the worst conditions of PTO disturbances. The key importance of this
therapy effect verifies the reversal of the signs of the right heart failure much like the severe
portal hypertension and severe aortal hypotension during PTO as well as the severe portal and
caval hypertension and mild aortal hypotension in reperfusion, along with refractory ascites
formation, thrombosis and ischemia markedly decreased and completely disappeared. The rapid
reestablishment of blood flow in both the ischemic and reperfusion conditions accompanied the
reduction of the increased malondialdehyde values in liver tissues to the normal values. Likely,
this combined effect resolves the further circle of injuries (i.e., the specific pathology in the liver,
intestine, spleen, lung and heart). Thus, these new insights into Pringle maneuver and related
disturbances, and into portal hypertension, suggest the effective BPC 157 use in future therapy.
Otherwise, the abrupt PTO and severe portal hypertension (> 60 mmHg) [and in reperfusion,
caval hypertension (> 70 mmHg)] makes spontaneous decompression of the portal system by a
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portocaval shunt hardly possible as well as severe aortal hypotension in the ischemia not
compensated in the reperfusion.
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Abstract
BACKGROUND
Drug-induced liver injury (DILI) and herbal/dietary supplements (HDS) related
liver injury present unique diagnostic challenges. Collaboration between the
clinician and the pathologist is required for an accurate diagnosis and
management.
AIM
To report our experience on the clinical-pathological findings of hepatic injury
caused by drugs/HDS.
METHODS
A retrospective review of clinically proven cases of DILI/HDS who presented to
our institution from January 1, 2013 to December 31, 2017 was performed. Slides
were reviewed for histopathological patterns of injury and correlated with the
causative agent. Out of 600 patients presenting with unexplained rise in liver
enzymes undergoing biopsy, 107 were suspected to have DILI/HDS. Of these, 53
had a directly linked exposure to drug/herbal supplements. Fifteen patients were
excluded for concurrent known liver disease. Thirty-eight patients with clinically
proven DILI/HDS were finally included.
RESULTS
Thirty-eight cases of DILI/HDS with a male:female of 1:1.5 and mean age of 51 ±
3 years were identified. DILI was identified in 84.2% cases while HDS injury in
15.8%. Acute hepatitis (42.1%) was the most common pattern of injury while
granulomatous hepatitis (2.6%) was the least common. We found one case of
acute-cholestasis due to rivaroxaban and two cases of cholestatic-hepatitis due to
rizatriptan and trimethobenzamide-hydrochloride that, to the best of our
knowledge, have not been previously reported. One case of steatohepatitis due to
trimethoprim-sulfamethoxazole and three unusual cases of cholestatic-hepatitis
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with bile duct injury and steatosis due to dronedarone, C4-Extreme and
hydroxycut, were also seen. Of our cohort, 81.6% of the patients fared well with
discontinuation of drug and 18.4% underwent transplant; of which 42.9% were
deceased.
CONCLUSION
We describe the clinical findings, histopathological patterns of injury and clinical
outcomes caused by drugs. In particular, we report a few previously unreported/
rarely observed clinical and histopathological patterns of hepatic injury.
Key words: Drug-induced liver injury; Herbals; Dietary supplements; Liver enzymes;
Biopsy; Supplements
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This a retrospective study to evaluate the clinicopathological patterns of drug
and herbal/dietary supplement related injury with only reports of proven cases from a
large cohort of patients. We describe many unusual patterns of injury as well as newer
drugs/herbals causing previously unreported patterns of injury. Drug/Herbal dietary
supplements related liver injury is a well-reported topic, but it is important to report
newer patterns in this changing era of medicine.

Citation: Siddique AS, Siddique O, Einstein M, Urtasun-Sotil E, Ligato S. Drug and
herbal/dietary supplements-induced liver injury: A tertiary care center experience. World J
Hepatol 2020; 12(5): 207-219
URL: https://www.wjgnet.com/1948-5182/full/v12/i5/207.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i5.207

INTRODUCTION
Drug-induced liver injury (DILI) and herbal/dietary supplements (HDS) related liver
injury (DILI/HDS) represent a rare idiosyncratic reaction with potentially devastating
clinical outcomes[1]. It may present unique diagnostic challenges, and require a close
collaboration between the clinician and the pathologist for an accurate diagnosis and
management[1,2]. The true incidence of DILI/HDS is challenging to discern due to
difficulties in gathering and arbitrating cases in a quantitative way. However,
Icelandic data from 2013 suggests an estimated annual incidence of 19.1 per 100000[3].
The DILI network of the United States reported 300 idiosyncratic DILI cases in 2007 of
which 8% died, 2% required a transplant and 14% had continued liver test
abnormalities at 6 mo[4]. Additionally idiosyncratic DILI/HDS accounts for 11% of the
cases of acute liver failure in the United States[5]. The United States Food and Drug
Administration have issued a black box warning and safety alerts for a number of
drugs that have been implicated in serious liver injury[6]. Despite these data, new
reports on DILI/HDS keep emerging contributing to the annual 23 billion dollar
expenditure on hepatitis alone in the United States[7].
For the clinician, the assessment of the presence, pattern and degree of hepatic
injury starts by determining the liver function tests (LFTs), and the markers of
hepatocellular function (albumin, prothrombin time and bilirubin). The R ratio helps
to classify the liver injury into hepatocellular, cholestatic and mixed patterns of
injury[8,9]. On the other end, the pathologist by examining the liver biopsy provides
information on the histopathological pattern of injury and its severity. Finally and
ideally, by a multidisciplinary approach, the clinician and pathologist correlate all the
clinical and pathological data, and after exclusion of other causes of liver injury (such
as viral hepatitis or autoimmune diseases), the determination of the likelihood of
DILI/HDS and the possible drugs or HDS responsible for the damage is made.
The purpose of this study was to report our experience on the clinical-pathological
findings including patterns of hepatic injury and its severity caused by drugs and
HDS identified in our tertiary care center during the last five years. Additionally, we
report a few previously unreported/rarely observed cases of DILI/HDS describing
their clinico-pathologic findings at presentation and clinical outcomes.
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MATERIALS AND METHODS
Study material
A retrospective review was done of all patients who presented at our institution with
unexplained rise in liver enzymes and subsequently underwent a biopsy from
January 1, 2013 to December 31, 2017. Patients who were suspected to have
DILI/HDS were included. Medical records were reviewed for a rigorous evaluation of
exposure to drug/herbal supplements and only those patients who had a directly
linked exposure were accepted for the study. The age, gender and liver enzyme
results were obtained, and R ratio scoring was calculated on each case. Strict exclusion
criteria were used after review of medical records, and patients with concurrent
history of known liver disease such as viral hepatitis, autoimmune hepatitis (AIH),
Wilson’s disease, alcoholic liver disease, non-alcoholic fatty liver disease were
excluded. Figure 1 summarizes the inclusion criteria of patients for this study.
The biochemical classification of the DILI/HDS was performed using the R ratio[8,9]
defined as [Alanine aminotransferase (ALT)/upper limit of normal]/[Alkaline
phosphatase (ALP)/upper limit of normal]. An R > 5.0 was considered as an
expression of hepatocellular injury, R < 2.0 was consistent with cholestatic injury and
R 2.0-5.0 was considered as an expression of a mixed pattern of injury.
The causal factors of the patterns of injury were subdivided into anti-infective
agents, analgesics, psychotropic medications, antineoplastic, antilipidemic,
immunomodulatory agents, HDS and others. The drugs and/or HDS were then
analyzed according to the pattern of injury.

Histopathology
In each case, slides were independently reviewed by two pathologists (Siddique AS
and Ligato S) for assessment of the histopathological pattern of injury and the results
subsequently correlated with the clinical findings and the potential drug or HDS
responsible for the hepatic injury. The histopathological patterns of injury were
divided into necroinflammatory pattern (hepatitis), cholestatic injury pattern,
combined cholestatic hepatitic pattern, steatotic injury pattern and mixed injury
pattern.
Necroinflammatory pattern was subdivided into acute hepatitis (AH), acute
hepatitis with extensive necrosis, AIH, chronic hepatitis (CH) and granulomatous
hepatitis (GH). AH and CH patterns were similar to viral hepatitic patterns consisting
of lobular-dominant inflammation in AH and portal predominant inflammation in
CH cases. Acute hepatitis with extensive necrosis was characterized by confluent or
coagulative necrosis of hepatocytes, with variable amounts of inflammation. These
cases often revealed massive necrosis with collapse of parenchyma between the portal
areas. Areas of regeneration or ongoing injury patterns were also observed in some of
these cases. AIH cases displayed moderate to severe portal inflammation with
interphase necroinflammatory activity with abundant plasma cells and eosinophils
along with hepatocyte rosettes and emperipolesis. GH was characterized by nonnecrotizing epithelioid granulomas in the parenchyma and portal areas.
Cholestatic injury pattern was subdivided into acute cholestasis (AC) and chronic
cholestasis (CC). AC cases displayed canalicular or hepatocellular bile accumulation
while CC cases showed cholate stasis along with copper accumulation. Duct injury
was often seen in these cases with secondary biliary ductular proliferation. Mixed
cholestatic hepatitis (MCH) demonstrated a combination of various patterns of
hepatocellular injury, inflammation and cholestasis.
Steatotic injury pattern included small and large droplet macrovesicular steatosis
with varying degrees of hepatocellular injury and inflammation. Mixed pattern of
injury was a mixture of various degrees of cholestatic pattern, steatotic pattern and
hepatitic patterns.

Histochemical and immunohistochemical methods
Histochemical stains included trichrome, Periodic Acid–Schiff–diastase, iron and
reticulin stain. Trichrome stain helped establish fibrosis. Periodic Acid–Schiff–diastase
highlighted the multiple aggregates of pigmented laden macrophages with ceroid
material within the cytoplasm suggestive of ongoing necroinflammatory activity. Iron
stain demonstrated accumulation of iron in the Kupffer cells and/or hepatocytes.
Reticulin displayed the architecture of liver plates such as expansion in regenerative
conditions, compression in nodular regenerative hyperplasia and collapse in necrosis.
Immunohistochemical stain for cytokeratin 7 helped highlight bile duct loss/damage
and secondary biliary ductular proliferation.

Statistical analysis
The mean, median, ranges, percentages of the age, gender, liver function enzymes,

WJH

https://www.wjgnet.com

209

May 27, 2020

Volume 12

Issue 5

Siddique AS et al. Drug and herbal induced liver injury
Figure 1

Figure 1 Inclusion criteria for our study. HDS: Herbal dietary supplements; NASH: Non-alcoholic steatohepatitis; DILI/HDS: Drug/herbal dietary supplement
induced liver injury.

patterns of injury, causative agents were done on Microsoft Excel 2010 (Seattle, WA,
United States) and so was the R ratio.
The statistical methods were reviewed by the Biostatistics Department at Hartford
Hospital.
This study was performed under a protocol approved by the Institutional Review
Board of Hartford Hospital.

RESULTS
Clinical features
Out of 600 patients presenting with unexplained rise in liver enzymes from January 1,
2013 to December 31, 2017, 107 patients were suspected to have DILI/HDS due to
polypharmacy. Of these, 53 patients had a recent change in use of drug/herbal
supplement explaining a directly linked exposure. Fifteen patients were excluded
since they had a history of known liver disease alongside the possible concurrent drug
injury. Thirty-eight cases of DILI/HDS were identified with the help of a liver biopsy
with a male:female ratio of 1:1.5; and mean age of 51 ± 3 years. The initial ALT at the
time of presentation ranged from 12 to 3555 (median 432) U/L. The initial ALP ranged
from 66 to 802 (median 178) U/L. The initial aspartate aminotransferase levels ranged
from 27 to 1925 (median 310) U/L. The total bilirubin at presentation ranged from 0.4
to 36.7 (median 5.7) mg/dL. The mean platelet count at presentation was 230000 ±
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170000. The clinical features of the group subdivided by the histopathological pattern
of injury are summarized in Table 1. As displayed in Table 2, a variety of drug
categories were seen as causative agents of each pattern of injury including antiinfective agents, analgesics, psychotropic agents, antineoplastic, antilipidemic,
immunomodulatory agents, HDS and others. Analgesics were found to be the most
common (38.9%) causative agents of hepatocellular injury while anti-infective agents
(26.7%) were the most common causal factors of mixed pattern of injury.
Biochemical and histopathological correlation was done for all the patients and an
R ratio > 5 was identified in cases with a hepatitic histopathological pattern of injury,
an R ratio < 2 corresponded to a cholestatic histopathological pattern and an R
between 0.4 and 12.7 was observed in cases with mixed histopathological patterns
listed in Table 3.
In our cohort, 32 (84.2%) patients had DILI and 6 (15.8%) had HDS. The unique
cases in our study included one patient with rivaroxaban related injury who
presented with an ALT of 76 U/L, ALP of 214 U/L, R 0.9, total bilirubin of 6.8 mg/dL
and a platelet count of 123000/µL. Another patient with rizatriptan related injury
presented with an ALT of 147 U/L, ALP of 135 U/L, R 2.7, total bilirubin of 1.2
mg/dL and a platelet count of 132000/µL. Trimethobenzamide hydrochloride related
DILI in our patient presented with an ALT of 630 U/L, ALP of 135 U/L, R 11.4, total
bilirubin of 1.5 mg/dL and a platelet count of 350000/µL. One patient who used
trimethoprim-sulfamethoxazole (TMP-SMX) presented with an ALT of 152 U/L, ALP
of 198 U/L, R 1.9, total bilirubin of 10.9 mg/dL and a platelet count of 116000/µL.
DILI caused by dronedarone in our patient presented with an ALT of 93 U/L, ALP of
477 U/L, R 0.5, total bilirubin of 3.3 mg/dL and a platelet count of 114000/µL. C4
extreme related injury presented with ALT of 3384 U/L, ALP of 175 U/L, R 49.5, total
bilirubin of 22.5 mg/dL and a platelet count of 144000/µL. Cholestatic hepatitis
caused by hydroxycut presented with ALT of 344 U/L, ALP of 500 U/L, R 1.7, total
bilirubin of 0.7 mg/dL and a platelet count of 350000/µL. The features are listed in
Table 4.
The HDS agents identified in our study were: Black cohosh (2 cases), hydroxycut (2
cases), green tea extract (1 case) and C4 extreme (1 case). Black cohosh, green tea
extract and C4 extreme displayed an R ratio of greater than 5 while hydroxycut
displayed an R ratio of less than 2.

Histopathology
Histopathological patterns of injury and corresponding causative drugs/HDS are
summarized in the Table 3. Hepatitic pattern was observed in 18 (47.4%). AH was the
most common histopathological pattern of injury caused by nitrofurantoin, sertraline,
lamotrigine, diclofenac and acetaminophen. AH with autoimmune-like features was
caused by infliximab and isoniazid. CH was caused by nitrofurantoin. GH was the
least common pattern of injury caused by Bacilli Calmette Guerin (BCG).
Cholestatic pattern of injury was found in 5 (13.2%) of the cases. AC was caused by
ceftriaxone, methimazole, total parenteral nutrition, and rivaroxaban. CC was caused
by triazolam and statins.
Mixed patterns 15 (39.5%) included macrovesicular steatohepatitis 5 (13.2%),
cholestatic hepatitis 8 (21.1%) and MCH with steatosis and bile duct injury 2 (5.3%).
The causal factors for steatohepatitis were TMP-SMX (Figure 2), L-asparaginase,
valproic-acid, highly-active-antiretroviral-therapy and amiodarone. Drugs causing
cholestatic hepatitis included ezetimibe, cefazolin, rizatriptan, methyldrostanolone,
trimethobenzamide hydrochloride (Figure 3), C4 extreme (Figure 4) and mesalamine.
MCH with steatosis and bile duct injury was caused by dronedarone.
In our cohort amongst HDS, black cohosh and green-tea extract caused AH while
two cases of hydroxycut (Figure 5) displayed cholestatic hepatitis and an MCH with
steatosis and bile duct injury (Table 4) respectively.

Follow-up
The clinical course and follow-up of all the patients with confirmed DILI/HDS was
available. Thirty-one (81.5%) patients fared well with discontinuation of drug and/or
treatment with N-acetyl cysteine/prednisone, while 7 (18.4%) underwent transplant
due to severe acute liver injury. Patients with this AH with extensive necrosis were
found to be mainly secondary to acetaminophen toxicity and less commonly black
cohosh use; they had the worst outcome requiring transplant; of which 3 (42.9%) were
deceased.

DISCUSSION
In this retrospective study we investigated the clinical and histopathological patterns
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Table 1 Clinical features of patients with DILI/HDS according to the histopathological pattern of
injury
Hepatocellular

Cholestatic

Mixed

n (%)

18 (49)

5 (14)

15 (39)

Age (mean ± SD)

50 ± 8

65 ± 5

49 ± 18

Gender (M:F)

5:13

3:2

7:8

Initial ALT (mean ± SD)

870 ± 280

37 ± 32

470 ± 190

Initial AST (mean ± SD)

780 ± 110

44 ± 54

360 ± 600

Initial ALP (mean ± SD)

190 ± 93

300 ± 25

220 ± 91

R ratio (mean ± SD)

12 ± 0.4

0.5 ± 0.1

6.4 ± 0.9

Total bilirubin (mean ± SD)

5.5 ± 0.4

4.3 ± 4.5

3.7 ± 1.5

Platelet count/µL (mean ± SD)

230000 ± 92000

230000 ± 130000

220000 ± 31000

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase.

of DILI/HDS at a single institution over a period of five years. The majority of the
histopathological patterns of injury identified in our cohort were consistent with those
previously reported in the literature[10] with 32 (84.2%) cases demonstrating DILI and 6
(15.8%) HDS. The histopathological spectrum of hepatic injury identified in our cohort
was similar to those identified in other studies on DILI[10] and included: AH, CH, AC,
CC and cholestatic hepatitis. Kleiner et al[10] reported that 83% of their DILI cases could
be classified into one of the above patterns. In our analysis, AH (n = 16; 45.7%) was
the most common histopathological pattern of injury while GH (n = 1; 2.6%) was the
least common.
Analgesics were found to be the most common (n = 7; 38.9%) causative agents of
hepatocellular injury while antimicrobial agents (n = 4; 26.7%) were the most common
causal factors of mixed pattern of injury. Antimicrobials are the most frequent
etiologic agents of DILI in the United States accounting for 45% of the cases[11] and
analgesic induced DILI is a well-studied topic specifically those caused by
acetaminophen[12]. Acetaminophen amongst analgesics is the most common single
cause of acute liver failure in western nations with severe cases requiring liver
transplantation[13]. In our study 15.8% of all DILI was caused by acetaminophen alone
of which 5 (83.3%) patients underwent transplant. Additionally, acetaminophenopiate or opioid combinations are declining in popularity but were responsible for at
least 50% of serious acetaminophen related liver injury cases in the United States[13]
compared to only 6 (15.8%) patients with acetaminophen related injury in our study.
While most DILI cases are idiosyncratic, acetaminophen toxicity is dose related. In
subtoxic cases, the toxic metabolite of acetaminophen (N-acetyl-p-benzoquinone
imine) is rendered harmless by conjugation with glutathione, abundantly available
within the hepatocytes. However, once the glutathione stores are depleted during
higher levels of acetaminophen intake, fasting, malnutrition or chronic alcohol
ingestion, N-acetyl-p-benzoquinone imine binds to cysteine residues in cellular
proteins and causes cell necrosis, subsequently elevating aspartate aminotransferase
and ALT levels in the blood[14]. The cell necrosis also releases acetaminophen adducts
that can be measured by liquid chromatography[15] and recent immunoassays appear
to be promising in detecting these adduct in acute liver failure[16,17].
Another interesting finding was GH secondary to BCG treatment for urothelial
carcinoma. Disseminated BCG disease is a rare but life-threatening complication of
BCG administration with symptoms similar to that of tuberculosis infection, including
persistent fever, night sweats and weight loss[18]. The pathogenesis is thought to
involve a combination of mycobacteraemia and local inflammatory hypersensitivity at
various sites including the liver[18]. Our case of non-necrotizing GH secondary to BCG
along with previously reported cases[18] emphasizes the significance of a complete
history and clinicopathologic correlation of diagnosing DILI.
In addition, we identified some unusual patterns of hepatic injury including one
case of cholestatic hepatitis with bile duct injury and steatosis due to dronedarone,
and one case of steatohepatitis due to TMP-SMX. Dronedarone is a well-known
antiarrhythmic agent and DILI related to it has been rarely reported. Most cases
however, describe a hepatocellular pattern of injury similar to amiodarone unlike our
case[19,20]. TMP-SMX is a fixed antibiotic combination widely used for mild to moderate
bacterial infections and has been reported for cholestatic or mixed patterns of
injury[21,22]. Our case was unique in that we identified steatohepatitis (Figure 2) similar
to type-2 non-alcoholic steatohepatitis often identified in children. Since alcoholic
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Table 2 Causative agents summarized according to the histopathological pattern of injury
Drugs

Hepatocellular (n = 18)

Cholestatic (n = 5)

Mixed (n = 14)

Anti-infective agents

3

1

4

Analgesics

7

0

0

Psychotropic agents

2

0

0

Antineoplastic agents

1

0

1

Antilipedemic agents

0

1

1

Immunomodulatory agents

2

0

0

Others

0

Antithyroid: 1; Thrombolytic: 1; Total Triptan: 1; Antiemetic: 1;
parenteral nutrition: 1
Methyldrostanolone: 1; Antiinflammatory: 1; Antiarrythmic: 2

Herbal/Dietary supplements

3

0

3

liver disease and Non-alcoholic steatohepatitis were excluded in all our cases and the
injury improved with removal of drug and symptomatic treatment, the diagnosis of
DILI was confirmed.
Furthermore, we report two cases of cholestatic hepatitis, and one of AC that, to the
best of our knowledge, have not been previously reported in the literature. The two
cases of cholestatic hepatitis were secondary to the use of trimethobenzamide
hydrochloride (Tigan) and rizatriptan (Maxalt). The patient with trimethobenzamide
hydrochloride related DILI presented with altered liver function and a
histopathological pattern displayed in Figure 3. The LFTs downtrended after 60 d of
removal of drug. Trimethobenzamide hydrochloride was introduced in 1959 as an
antinauseant-antiemetic. Chemically unrelated to the phenothiazines it is structurally
closer to the dimethylaminoethoxy antihistamines. It was widely used
prophylactically and therapeutically in vomiting induced by drugs, radiation therapy,
infection, and motion sickness [ 2 3 ] . One case of hepatitis secondary to
trimethobenzamide hydrochloride was seen in 1967[24]. However, no recent data with
detailed histopathological pattern of injury are available; in this report we provide
detailed histopathological findings caused by this drug. Rizatriptan belongs to a
group of serotonin receptor agonists that are useful in the therapy of vascular
headaches and migraine. Cholestatic hepatitis secondary to triptans specifically
rizatriptan has been unproven in the literature[25,26]. Our case presented with elevated
liver enzymes and moderate to severe AH associated with cholestasis and bile duct
damage on histology. LFTs downtrended after 45 days of drug removal. Lastly, the
case of AC was caused by rivaroxaban (Xarelto) and displayed a histopathological
pattern characterized by acute hepatocellular and canalicular cholestasis associated
with mild steatohepatitis. LFTs downtrended after 15 d of drug removal. Rivaroxaban
is a recently introduced oral anticoagulant and direct Factor Xa inhibitor. DILI
secondary to rivaroxaban has been described as early as the preclinical licensure trials,
but the details of patterns of injury and severity of disease are still lacking[27,28]. Hence
it is important to report histopathology and outcome in such cases in order to become
familiar with the newer patterns of injury.
One interesting case of C4 extreme presented with cholestatic hepatitis with sub
massive necrosis. C4 extreme is an HDS and has the synephrine-containing Citrus
aurantium extract. Synephrine is an analog of ephedra, which has previously been
associated with liver toxicity[29]. However, DILI from C4 extreme in particular has just
been reported in one series to date[30]. Our case resulted in a 24-year-old patient
undergoing transplant (Table 4) displaying the significance of reporting such cases.
The diagnosis of DILI/HDS presents a daunting task for the clinician and
pathologist alike. However, the collaboration of the clinician and pathologist in
obtaining a complete medical and drug/alternative medication history along with the
assessment of the histopathological findings and the review of previously reported
cases in the literature (with the help of online resources such as “Livertox”) can help
guide the way to a prompt and successful management of a DILI/HDS affected
patient.
In conclusion, we present a five-year experience on the diagnosis of DILI/HDS in
our institution. Despite the final inclusion being limited to 38 proven cases of
DILI/HDS, we reported previously unreported, or rarely observed, drug-induced
histopathological patterns of hepatic injury, reaffirming the pivotal role of the
clinician and pathologist, in the diagnosis and care of patients with DILI/HDS.
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Table 3 Histopathological patterns, R ratios and Drugs/HDS in our study
Histopathological pattern

R ratio

Total, n = 38 (%)

Hepatitis

12 ± 0.4

18 (47.4)

Acute

16 ± 0.1

5 (13.2)

Drugs/HDS (n)

Nitrofurantoin (1)
Black cohosh1 (1)
Sertraline (1)
Lamotrigine (1)
Green tea extract (1)

Acute with extensive necrosis

11 ± 3.3

8 (21.1)

Diclofenac (1)
Acetaminophen (6)
Black cohosh1 (1)

Autoimmune-like

6.2 ± 0.1

3 (7.9)

Infliximab (2)

Chronic

8.8

1 (2.6)

Nitrofurantoin (1)

Non-necrotizing granulomatous hepatitis

14

1 (2.6)

BCG (1)

Cholestasis

0.5 ± 0.1

5 (13.2)

Acute

0.4 ± 0.5

4 (10.5)

Isoniazid (1)

Ceftriaxone (1)
Methimazole (1)
Total parenteral nutrition (1)
Rivaroxaban (1)

Chronic

0.8

1 (2.6)

Triazolam and statin (1)

Cholestatic hepatitis

9.0 ± 5.6

8 (21.1)

Ezetimibe (1)
Cefazolin (1)
Hydroxycut2 (1)
Rizatriptan5 (1)
Methyldrostanolone (1)
Trimethobenzamide Hydrochloride5 (1)
Mesalamine (1)
C4 extreme3 (1)

Macrovesicular steatohepatitis

1.4 ± 1.2

5 (13.2)

Trimethoprim-sulfamethoxazole6 (1)
L-asparaginase (1)
Valproic acid (1)
Haart4 (1)
Amiodarone (1)

Mixed cholestatic hepatitis with steatosis and bile duct injury

1.1 ± 0.8

2 (5.3)

Dronedarone6 (1)
Hydroxycut26 (1)

1

Actaea racemosa or cimicifuga racemose.
Contains caffeine, lady's mantle extract (Alchemilla vulgaris), wild olive extract (Olea europaea), cumin extract (Cuminum cyminum), wild mint extract
(Mentha longifolia), and, in some products, green coffee bean extract (Coffea canephora).
3
CarnoSyn Beta Alanine to support muscular endurance, TeaCrine to prolong tolerance buildup, Rauwolfia, and Toothed Clubmoss.
4
Highly active antiretroviral therapy.
5
Not previously reported.
6
Unusual patterns for this drug/HDS. HDS: Herbal/Dietary supplements; BCG: Bacillus Calmette Guerin.
2
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Table 4 Clinical features, histopathological patterns and outcomes of patients presenting with previously unreported drugs/HDS or with
unusual pattern of injury
Cases

ALT (U/L)

ALP (U/L)

R ratio

Total Bilirubin
(mg/dL)

Platelet count
(/µL)

HistopathologiOutcome
cal pattern

Rivaroxaban

76

214

0.9

6.8

123000

Acute
hepatocellular
and canalicular
cholestasis
associated with
bile duct damage,
mild
steatohepatitis
with portal,
periportal and
pericentral
fibrosis (stage 2 of
4), and nodular
regenerative
hyperplasia

LFTs
downtrended
after 15 d of drug
removal

Rizatriptan

147

135

2.7

1.2

132000

Moderate to
severe acute
hepatitis with
associated
cholestasis and
bile duct damage

LFTs
downtrended
after 45 d of drug
removal

Trimethobenzamide
hydrochloride

630

135

11.4

1.5

350000

Cholestatic
hepatitis with
portal and lobular
mononuclear
inflammatory
infiltrate, bile
duct damage and
bile ductular
proliferation

LFTs
downtrended
after 60 d of drug
removal

Trimethoprim152
sulfamethoxazole

198

1.9

10.9

116000

Panacinar
macrovesicular
steatosis/mild
steatohepatitis,
cholestasis and
mild portal tract
fibrous
expansion.
(steatohepatitis
necroinflammator
y grade I; fibrosis
stage 0-1)

LFTs
downtrended
after 90 d of drug
removal

Dronedarone

477

0.5

3.3

114000

Pericentral
hepatocyte and
canalicular
cholestasis, bile
duct injury with
bile ductular
proliferation,
mixed portal
inflammatory
infiltrates, mild
interface
hepatitis, lobular
necroinflammator
y activity with
ballooning
degeneration;
mild macro and
microvesicular
steatosis

LFTs
downtrended
after 85 d of drug
removal
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C4 Extreme

3384

175

49.5

22.5

144000

Severe cholestatic Underwent
hepatitis with sub transplant; Alive
massive hepatic
and doing well
necrosis
involving
approximately
70% of the liver
parenchyma
accompanied by
severe
centrilobular
congestion,
necrosis and
extravasation of
red blood cells

Hydroxycut

344

500

1.7

0.7

350000

Cholestatic
hepatitis with bile
duct injury and
steatosis

LFTs
downtrended
after 45 d of drug
removal

LFTs: Liver function tests; HDS: Herbal dietary supplements; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

Figure 2

Figure 2 Liver injury secondary to Trimethoprim sulfamethoxazole. Liver core biopsy with marked pan-acinar macrovesicular steatosis and periportal fibrosis with
mild portal chronic inflammation (20 ×). Additionally, hepatocellular cholestasis is observed in the insert (40 ×).
Figure 3

Figure 3 Liver injury secondary to trimethobenzamide hydrochloride. A: Acute cholestatic hepatitis characterized by pericentral and lobular necrotic inflammation
(40 ×); B: Bile duct damage and canalicular cholestasis (insert) (40 ×).
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Figure 4

Figure 4 Liver injury secondary to C4 extreme. A: The liver parenchyma demonstrates a dense mononuclear inflammatory infiltrate involving the portal tracts with
severe interface necroinflammatory activity (10 ×); B: In the pericentral and midzonal area of the hepatic lobules (zone 2 and 3), there is extensive hemorrhagic
necrosis with extravasation of red blood cells from the central vein into the sinusoidal spaces (10 ×). Hepatocellular and canalicular cholestasis is seen (arrow) (insert
40 ×); C: The portal areas display extensive bile duct damage (arrow) (20 ×).
Figure 5

Figure 5 Liver injury secondary to hydroxycut. Liver parenchyma with expansion of the portal areas by a mixed inflammatory infiltrate comprising lymphocytes,
eosinophils, rare plasma cells and scattered neutrophils. There is evidence of bile duct injury with infiltration of the bile duct epithelium by inflammatory cells (20 ×).
The lobules show macrovesicular steatosis, feathery degeneration of hepatocytes, minimal lobulitis, and focal cholestasis (insert 40 ×).

ARTICLE HIGHLIGHTS
Research background
Drug-induced liver injury (DILI) is a continuously evolving theme especially with the
availability of over the counter medications and herbal/dietary supplements (HDS). The annual
expenditure in the United States of hepatitis alone is 23 billion dollars and 11% of all cases of
acute liver failure are related to DILI. These statistics alone highlight the importance of reporting
the course of DILI cases and new confirmed cases with complete clinicopathological correlation.
We believe these findings will be of interest to the readers of your journal.

Research motivation
The main idea behind this study is to continuously report previously unreported but proven
cases of DILI/HDS and their patterns of injury for hepatologists and pathologists to consider
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while dealing with such cases.

Research objectives
The purpose of this study was to report our experience on the clinical-pathological findings
including patterns of hepatic injury and its severity caused by drugs and HDS identified in our
tertiary care center during the last five years.

Research methods
A retrospective review of clinically proven cases of DILI/HDS who presented to our institution
from January 1, 2013 to December 31, 2017 was performed. Slides were reviewed for
histopathological patterns of injury and correlated with the causative agent. Out of 600 patients
presenting with unexplained rise in liver enzymes undergoing biopsy, 107 were suspected to
have DILI/HDS. Of these, 53 had a directly linked exposure to drug/herbal supplements. Fifteen
patients were excluded for concurrent known liver disease.

Research results
Thirty-eight cases of DILI/HDS with a male:female of 1:1.5 and mean age of 51 ± 3 years were
identified. DILI was identified in 84.2% cases while HDS injury in 15.8%. Acute hepatitis (42.1%)
was the most common pattern of injury while granulomatous hepatitis (2.6%) was the least
common. We found one case of acute-cholestasis due to rivaroxaban and two cases of
cholestatic-hepatitis due to rizatriptan and trimethobenzamide-hydrochloride that, to the best of
our knowledge, have not been previously reported. One case of steatohepatitis due to
trimethoprim-sulfamethoxazole and three unusual cases of cholestatic-hepatitis with bile duct
injury and steatosis due to dronedarone, C4-extreme and hydroxycut, were also seen. Of our
cohort, 81.6% of the patients fared well with discontinuation of drug and 18.4% underwent
transplant; of which 42.9% were deceased.

Research conclusions
We report our experience on the hepatic injury caused by drugs and herbals at a tertiary care
center including clinical findings, histopathological patterns of injury and clinical outcomes
caused by these agents. In particular, we report on a few previously unreported/rarely observed
clinical findings and histopathological patterns of hepatic injury caused by specific drugs and
herbals. This implies that reporting of newer drugs/HDS and their related injury is important in
this constantly changing era of medicine. Despite using a large cohort, we report only the proven
cases of DILI/HDS increasing the impact of this study on clinical practice.

Research perspectives
This study highlights a topic that has been addressed several times in the past but with the
upcoming drugs/herbals it is important to continually work as a team of clinician and
pathologist and report newer cases. Future prospective studies might reassure our findings
further since these haven’t been reviewed in the past 10 years.
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Abstract
BACKGROUND
Early diagnosis is critical for successful intervention before liver disease
progresses to cirrhosis and hepatocellular carcinoma.
AIM
To examine a novel biomarker for probing early liver disease quickly using an
automated immunology system.
METHODS
This was a cross-sectional study. 140 patients at various stages of liver disease
were randomly selected. The cohort consisted of patients who were treatment
naïve and currently undergoing therapy. We included patients with diverse liver
disease etiologies. Mac-2 binding protein glycosylation isomer (M2BPGi) levels in
addition to different clinical parameters, co-morbidities and transient
elastography results were collected and compared.
RESULTS
M2BPGi levels were significantly correlated with transient elastography for liver
fibrosis staging across all disease etiologies. Statistically significant differences
were observed in patients with F0-1; F2 and > F3 liver fibrosis. Further
examination showed that M2BPGi levels were two-fold higher in F4 than F3
hepatitis C (HCV) patients. M2BPGi was observed to be etiology-specific and
HCV patients had higher mean M2BPGi levels. We also observed significant
correlations with aspartate aminotransferase to platelet ratio index and fibrosis-4
index as well as HBV DNA levels. Mean M2BPGi levels for HBV patients with a
viral load lower than 2000 IU/mL was 1.75-fold lower than those with a viral
load greater than 2000 IU/mL.
CONCLUSION
M2BPGi was observed to be a good indicator of early liver disease in patients
with different etiologies. Our results provide reference cut-offs for different
causes of liver disease and demonstrated the utility of this marker for early
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disease monitoring. This is useful for remote regions in developing countries.
Key words: Hepatitis B; Hepatitis C; Noninvasive fibrosis markers; Mac-2 binding protein
glycosylation isomer; Liver disease
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

conference manuscripts

Received: January 1, 2020
Peer-review started: January 1,
2020

First decision: February 19, 2020
Revised: March 30, 2020
Accepted: April 7, 2020
Article in press: April 7, 2020
Published online: May 27, 2020
P-Reviewer: Reshetnyak VI
S-Editor: Wang YQ
L-Editor: Webster JR
E-Editor: Wu YXJ

Core tip: Mac-2 binding protein glycosylation isomer levels can be used for non-invasive
liver fibrosis staging in the Vietnamese population with mixed etiologies. In early
evaluations, significantly higher levels of this marker were observed in cirrhotic patients
and showed good correlations with viral load testing in hepatitis B. This marker is
convenient and useful, especially in resource limited countries for fast turnaround to
assess liver disease.
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INTRODUCTION
Chronic liver disease resulted in a high global burden of 1.5 billion people in 2017,
which was mostly due to non-alcoholic fatty liver disease (NAFLD, 60%), hepatitis B
(HBV, 29%), hepatitis C (HCV, 9%), and alcoholic liver disease (ALD, 2%)[1]. Chronic
liver disease progressively leads to liver fibrosis, cirrhosis, and finally hepatocellular
carcinoma (HCC). Globally, liver disease accounts for 2 million deaths per year, of
which 1 million are due to cirrhosis and 1 million are due to hepatocellular
carcinoma[2]. Vietnam has a high prevalence of hepatitis B and C, with a high HBV
surface antigen (HBsAg) rate of 8.8%-19.0% and a high anti-HCV rate of 1.0%-3.3%[3].
It is estimated that HBV-related liver cancer and HCC will increase to 9400 and 25000,
respectively, and HBV-related mortality will increase to 40000 in 2025 in Vietnam[4].
Given the disease impact in Vietnam, efforts to provide early detection of liver disease
are critical.
Early diagnosis and treatment are key to improve disease outcomes as it can halt
further liver disease progression and save lives. At present, pan-genotypic drug
combinations of direct acting antivirals such as sofosbuvir/velpatasvir and
glecaprevir/pibrentasvir have demonstrated high efficacy against different HCV
genotypes[5]. Long-term HBV antivirals have been effective in managing the disease[6].
Nonetheless, most patients are in a chronic state and different degrees of liver fibrosis
have manifested. Management of these patients requires clear understanding of their
liver fibrosis staging[7,8]. At present, liver biopsy is considered the gold standard for
liver fibrosis staging. However, liver biopsy has its limitations such as sampling bias
and inter-observer variations[9]. In addition, liver biopsy is invasive and it is not
feasible to carry out repeated liver biopsies for regular monitoring. In advanced stage
liver disease patients (> F3), a 3-6 monthly evaluation is required. In response to these
limitations, non-invasive tests using imaging methods such as transient elastography
(TE)[10], magnetic resonance elastography[11], ultrasound-based elastography[12], and
acoustic radiation force impulse[13] have emerged. Serum biomarkers have also been
explored. These included hyaluronic acid, type IV collagen, type III procollagen-Npeptide [14] , soluble Axl [15] , and lincRNA-p21 [16] among others. Surrogate markers
(aspartate aminotransferase to platelet ratio index (APRI)[17], and Fibrosis-4 index (FIB4)[18] are also some of the commonly used tests to assess liver disease. A number of
these tests require costly equipment, and patient results turnaround and waiting
times may limit their usefulness. On the other hand, other tests lack sufficient clinical
sensitivity and specificity.
In recent years, Mac-2 binding protein glycosylation isomer (M2BPGi) was
identified in patients with liver fibrosis [19] . Serum M2BPGi levels were found to
correlate with liver fibrosis stage[20], reflect impaired liver function or cirrhosis and
hepatectomy-related complications after surgery[21], correlate with liver stiffness[22],
and was negatively correlated with sustained virological response (SVR) [23] . In
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addition to liver fibrosis in HCV and HBV, M2BPGi can be used to assess liver fibrosis
in primary biliary cirrhosis[24], biliary atresia[25], primary sclerosing cholangitis[26], and
NAFLD[27]. In this study, we examined M2BPGi as a biomarker for early monitoring of
liver disease in a Vietnamese population. We compared M2BPGi levels with different
clinical parameters, co-morbidities and TE results. M2BPGi was measured from blood
samples using a sandwich immunoassay. The aim of the current study was to
examine this novel diagnostic biomarker for probing early liver disease quickly and
easily using an automated immunology system.

MATERIALS AND METHODS
Study design and patient demographics
A cross-sectional study design was employed in this study. Institutional review board
approval was waived as residual blood samples were used in the evaluation. The
results of this study did not alter the course of treatment in these patients. Other than
patient history and current laboratory results, no other patient identifiers were used.
We randomly selected patients with diverse liver disease etiologies who were treated
in MEDIC Medical Center, Ho Chi Minh City, Vietnam from January to April 2019.
Patients with confirmed liver cancer were excluded. Routine clinical investigations as
part of standard of care included liver function tests, TE and other associated fibrosis
measurements. A total of 140 patient samples were analyzed.

Liver disease probing and measurements
As part of standard of care, TE (Fibroscan, Echosens, France) was performed on all
patients. Staging of liver fibrosis in patients was based on the METAVIR scoring
system (F0 to F4, where F0: No fibrosis and F4: Cirrhosis) and cut-offs adopted from
manufacturer’s recommendations. Plasma and serum blood samples were taken from
each patient for complete blood count and clinical biochemistry investigations. Liver
function tests including alanine aminotransferase (ALT), aspartate aminotransferase
(AST) alkaline phosphatase (ALP), albumin and bilirubin were measured using a
routine laboratory chemistry analyzer (Roche, Switzerland). APRI was calculated
using the following equation: AST (/upper limit of normal) × 100/platelet count
(PLT) (× 109/L)[17]. FIB-4 was calculated using the following equation: FIB-4 = age
(years) × AST (U/L)/[PLT (109/L) × ALT (U/L)1/2][18]. PLT was obtained using a
hematology analyzer among other blood parameters (Sysmex, Japan). Serum M2BPGi
levels were measured on the HISCL 5000 automated immunoassay analyzer (Sysmex,
Japan). 10 μL of sample were used and M2BPGi levels were measured by a sandwich
immunoassay. Each reaction took 17 min and was performed automatically alongside
HBsAg and anti-HCV assays. M2BPGi was expressed as the cut-off index (COI) and
calibrated using the manufacturer’s calibrators.

Statistical analysis
All categorical variables were expressed as mean ± SD. Student t tests were used to
compare two categorical variables and one-way analysis of variance (ANOVA) was
used to compare multiple groups of liver fibrosis stages. A difference of P < 0.05 was
considered statistically significant. Analysis was computed using Prism version 7.0
(Graphpad Inc., United States).

RESULTS
Patient characteristics and experimental design
Patient demographics are shown in Table 1. A total of 140 patients were enrolled. This
was a cross-sectional study involving randomly selected patients with diverse liver
disease etiologies to assess the versatility of the marker M2BPGi. All patients were
treated in the MEDIC Medical Center and assessed by their attending physicians for
liver disease stage. The median age of the study cohort was 52 years and all suffered
from chronic hepatitis. Among the patient group, the number of male and female
patients was almost equal (52.9% vs 47.1%, respectively). Most of the selected patients
were HBV or HCV patients, of which around 60% were HBV patients, and 2 were
patients co-infected with HBV and HCV. The HBV and HCV cohorts, 35% and 13%,
respectively, had immediate family members with the same condition or had
progressed to HCC. In Vietnam, HBV is the predominant cause of HCC and was
critical in this study. The range of TE, APRI, FIB-4 and M2BPGi measurements were
3–46.4 kPa, 0.07–7.02, 0.23–9.97 and 0.07- > 20 COI, respectively. Among the 140
patients, 35% of patients had higher than normal AST, ALT or Gamma glutamyl
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transferase. Alpha fetoprotein (AFP) measurements were obtained in these patients as
part of an early indication of HCC. Only 1 patient (112 ng/mL) in this cohort had
higher than normal AFP level.

M2BPGi levels were correlated with other fibrosis markers in HCV patients
As shown in Figure 1A, M2BPGi levels increased with increasing fibrosis stages (as
measured by TE) in HCV patients. The results were statistically significant when
comparing the F2 cohort with F0-1 subjects. Patients with significant fibrosis require
regular monitoring and this provides a quick method to stratify patient groups for
clinicians. We also observed significantly more patients with severe fibrosis or
cirrhosis than patients with normal liver in HCV positive individuals. In an attempt to
further evaluate the discriminatory role of M2BPGi, we divided patients with > F3
fibrosis into the F3 and F4 groups (Figure 1B). The results showed a statistically
significant difference in M2BPGi levels between F3 and F4 patients. The cirrhotic
group (F4) had two-fold higher M2BPGi levels. These data supported the accurate
staging of liver fibrosis using M2BPGi levels. More data are required to ensure
statistical power for medical decisions; however, preliminary data demonstrated
strong evidence of a clear discriminatory role. Within this cirrhotic patient group,
some patients were currently undergoing treatment and some were treatment naïve.
M2BPGi levels were observed to be insignificant between these two groups (Figure
1C). Previous reports have shown that M2BPGi may be affected by the treatment for
viral hepatitis. In a comparison of fibrosis staging methods, we selected only
treatment-naïve patients (Figure 2) to ensure an unbiased correlation. As shown in
Figure 2, we found that M2BPGi levels showed good correlation with TE (A), FIB-4
(B), and APRI (C) in untreated patients (P < 0.001).

M2BPGi levels were correlated with other fibrosis markers in HBV patients
Similar to the results in the HCV group, we observed significant correlations in HBV
patients. The limitation of the current study was that the distribution among this
cohort leaned towards the early liver disease group with fewer severe fibrosis and
cirrhosis patients. Nonetheless, from Figure 3A, it can be seen that M2BPGi levels
increased with increasing fibrosis stage. The maximum detected M2BPGi level in
patients with > F3 fibrosis staging was 4.0 COI with a mean value of 2.0 COI. This was
more than 2-fold higher than early stage patients (F0-1) with a mean M2BPGi level of 0.8 COI. Compared with a similar early disease group in HCV patients, the mean
levels were significantly lower in the HBV cohort indicating the need for etiologyspecific cut-offs using M2BPGi. Further division of > F3 patients into F3 and F4
groups showed the same trend as previously seen in the HCV cohort (Figure 3B).
More datapoints are required for better statistical comparison in advanced stage
patients. In the same cohort, we attempted to understand if M2BPGi correlated with
HBV DNA levels. HBV viral load is a required parameter during treatment
monitoring especially in addressing treatment discontinuation and efficacy. From
Figure 4, it can be seen that the mean M2BPGi level for hepatitis B patients with a
viral load of < 2000 IU/mL was 1.75-fold lower than the group with a viral load
greater or equal to 2000 IU/mL.

M2BPGi levels are etiology-specific for early liver disease
During early analysis, it was observed that M2BPGi levels were significantly different
among the HBV and HCV cohorts within the same fibrosis stages. To address these
differences further, the patient cohort was divided into HCV, HCV with NAFLD,
HBV, HBV with NAFLD, NAFLD, and ALD as shown in Figure 5 for early disease
patients (F0-1). ANOVA showed significant differences among these major groups.
Viral hepatitis related liver disease alone resulted in higher M2BPGi levels compared
with alcoholic liver disease (P < 0.01) and NAFLD (P < 0.01). Interestingly we did not
observe any statistical significance in viral hepatitis patients with NAFLD
comorbidity (HCV vs HCV and NAFLD; HBV vs HBV and NAFLD). These findings
show that M2BPGi levels may be dominated by the presence of viral hepatitis in
patients. Overall, we found that in early disease patients, M2BPGi levels were highest
in HCV groups, followed by HBV and subsequently alcoholic liver disease and finally
NAFLD cases.

DISCUSSION
Non-invasive tests in probing liver disease are gaining attention as liver biopsy is
insufficient in addressing critical disease management roles. These methods are also
more patient friendly and allow repeated sampling. However, equipment investment
is not easy for medical facilities in remote regions of Vietnam in relation to advanced
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Table 1 Evaluated subjects’ demographics and corresponding liver fibrosis marker results
Parameters

Parameter value

Sample size (n)

140

Age (yr)

Range (mean ± SD)

26-81 (52 ± 16)

Gender, n (%)

Male

74 (52.9%)

Female

66 (47.1%)

HBV

54

HBV + NAFLD

31

HCV

37

HCV + NAFLD

13

HCV + HBV

2

NAFLD

1

Alcoholic

2

Minimum

0.065

Median

0.863

Maximum

> 20

Minimum

3

Median

6.4

Maximum

46.4

Minimum

0.0737

Median

0.2997

Maximum

7.0192

Minimum

0.2328

Median

1.119

Maximum

9.9664

Etiology, n (%)

M2BPGi (COI)

TE (kPa)

APRI

FIB-4

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; M2BPGi: Mac-2
binding protein glycosylation isomer; TE: Transient elastography; COI: Cut-off index; APRI: Aspartate
aminotransferase to platelet ratio index; FIB-4: Fibrosis-4 index.

elastography methods. Hence, it is crucial to have a quick and straightforward
method to detect and stratify liver disease. Therefore, serum biomarkers derived from
automated analyzers which are easy to interpret without skilled operators are
desirable.
The results of the present study showed that M2BPGi levels were correlated with
fibrosis stage derived from TE measurements and positively correlated with other
surrogate markers (FIB-4 and APRI). This concurs with other studies[28,29]. However, no
correlation was found between M2BPGi levels in treatment naïve and treated cirrhotic
HCV patients. Treatment failure is typically associated with cirrhotic cases and the
current results may be representative of this phenomenon. Ura et al[30] found that SVR
is negatively correlated with M2BPGi levels, highlighting that treatment response
may be reflected in serial M2BPGi measurements. Cirrhotic patients remain a key
target group for treatment and surveillance, of which M2BPGi may be useful. One
limitation of our study is the small sample size of cirrhotic patients (n = 16), which
may be insufficient to demonstrate the effects of anti-viral treatment on M2BPGi
levels in cirrhotic patients. Future studies will examine the effects of cirrhosis
regression on M2BPGi levels in hepatitis patients, and patients can be further
stratified based on time of onset of cirrhosis[31], which affects regression.
In this study other than METAVIR-based staging, we found that HBV viral load
was correlated with M2BPGi levels, showing that M2BPGi may be used as a surrogate
marker for HBV viral load and disease severity. In fact, some studies have shown that
M2BPGi level is a predictor of HCC and death[32], HBV-related HCC recurrence[33], and
liver function and prognosis[34]. Hence, M2BPGi may complement HBV viral load
testing to better understand disease severity and prediction of disease outcomes.
Several studies have shown that other than liver fibrosis staging, M2BPGi level is a
predictor of HCC after SVR[35], HCC survival[36], HCC recurrence[37], and cirrhosis
survival[38].
M2BPGi is etiology-specific and our results showed that M2BPGi levels are higher
in HCV than HBV patients, which is consistent with Nishikawa et al[39] and patients
with viral hepatitis have higher M2BPGi levels than those with NAFLD and ALD.
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Figure 1

Figure 1 Comparison of Mac-2 binding protein glycosylation isomer levels against fibrosis staging by transient elastography in hepatitis C patients.
M2BPGi levels were plotted against fibrosis stages based on transient elastography. A: Mac-2 binding protein glycosylation isomer (M2BPGi) levels against fibrosis
stages (F0-1, F2, and >F3); B: M2BPGi levels against fibrosis stages (F3 and F4); C: M2BPGi levels in treated and untreated cirrhosis patients. aP < 0.05. M2BPGi:
Mac-2 binding protein glycosylation isomer; COI: Cut-off index; TE: Transient elastography.

Therefore, different cut-off values should be assigned to different types of patients.
The mechanism of this difference in M2BPGi level between HBV and HCV patients
remains unclear, but our observational study showed that M2BPGi is dominated by
the presence of viral hepatitis. With larger sample sizes in future investigations, we
will be able to establish a clear disease-based cut-off to implement M2BPGi in routine
clinical use.
The present study demonstrated the feasibility of using M2BPGi level as a
surrogate marker for liver fibrosis in a Vietnamese population. This method is
convenient, easy to use, and can guide prevention and treatment efforts for viral
hepatitis in remote regions. At present, there is no national program against HBV and
HCV in Vietnam[3] and mortality due to liver cancer is high in Vietnam[40]. In contrast,
M2BPGi tests are reimbursable in South Korea and Japan. In future, national
programs for treating HCV and HBV could be rolled out along with such tests to
reduce the prevalence of liver fibrosis, cirrhosis, and HCC in Vietnam and thereby
reduce mortality.
In conclusion, this study is the first to investigate mixed etiology testing of this
marker and demonstrated a significant correlation with existing routine assays and
treatment monitoring. Our results provide reference cut-offs for different causes of
liver disease and demonstrated the utility of this marker for early disease monitoring.
This is useful for remote regions in developing countries.
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Figure 2

Figure 2 Comparison of Mac-2 binding protein glycosylation isomer levels against other fibrosis markers in treatment naïve patients. A: Mac-2 binding
protein glycosylation isomer (M2BPGi) levels against transient elastography; B: M2BPGi levels against FIB-4; C: M2BPGi levels against aminotransferase to platelet
ratio index. M2BPGi: Mac-2 binding protein glycosylation isomer; COI: Cut-off index; TE: Transient elastography; FIB-4: Fibrosis-4 index; APRI: Aspartate
aminotransferase to platelet ratio index.
Figure 3

Figure 3 Comparison of Mac-2 binding protein glycosylation isomer levels against fibrosis staging by transient elastography in hepatitis B patients. A:
Mac-2 binding protein glycosylation isomer (M2BPGi) levels against fibrosis stages (F0-1, F2, and > F3); B: M2BPGi levels against fibrosis stages (F3 and F4).
M2BPGi: Mac-2 binding protein glycosylation isomer; COI: Cut-off index; TE: Transient elastography.
Figure 4

Figure 4 Comparison of Mac-2 binding protein glycosylation isomer levels against hepatitis B viral load. M2BPGi: Mac-2 binding protein glycosylation isomer;
COI: Cut-off index; HBV: Hepatitis B virus.
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Figure 5

Figure 5 Mac-2 binding protein glycosylation isomer levels in early liver disease (F0-1) due to different etiologies.aP < 0.01. M2BPGi: Mac-2 binding protein
glycosylation isomer; COI: Cut-off index; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.

ARTICLE HIGHLIGHTS
Research background
Non-invasive and rapid testing of liver disease for chronic hepatitis patients is crucial given its
high prevalence in Vietnam.

Research motivation
Liver disease can be managed properly with timely treatment and control. Mac-2 binding
protein glycosylation isomer (M2BPGi) offers the capability to stage fibrosis severity quickly and
assess treatment response with longitudinal measurements.

Research objectives
This study aims to compare M2BPGi, a blood-based biomarker with existing methods of noninvasive testing and elastography in chronic hepatitis. In a preliminary assessment of treatment
response, hepatitis B DNA concentrations were correlated with M2BPGi levels in respective
patients.

Research methods
In patients with liver disease of different etiologies, M2BPGi levels in residual blood samples
were measured. Comparisons with transient elastography (TE) were made to establish
preliminary clinical cut-offs. Pearson correlations were tested using different liver disease
markers to establish any significant trends. M2BPGi levels in early disease patients were
compared to show etiology specificity.

Research results
We established clear correlations between M2BPGi with TE and other non-invasive biomarkers.
For fibrosis staging of both hepatitis B and C patients, we observed statistically significant
correlations with M2BPGi. M2BPGi levels in early disease were higher in viral hepatitis patients
indicating the need to establish different cut-offs. The results were also significantly correlated
with hepatitis B viral load, which established the possibility of treatment assessment.

Research conclusions
M2BPGi level is a useful addition to the current routine assessment of chronic hepatitis patients.
This is performed by a routine immunoassay that enables fast turnaround time and quicker
reporting for patients.

Research perspectives
We envision this research to have clinical potential to improve treatment monitoring procedures
and rapid assessment of liver disease. In a resource limited setting, this marker presents useful
results to ensure patients are linked to care promptly.
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Abstract

AIM
To describe the epidemiological profile and mortality rates of patients with ALD
admitted to public hospitals in different regions of Brazil from 2006 to 2015.
METHODS
This is a descriptive study that evaluated aggregate data from the five Brazilian
geographic regions.
RESULTS
A total of 160093 public hospitalizations for ALD were registered. There was a
34.07% increase in the total number of admissions over 10 years, from 12879 in
2006 to 17267 in 2015. The region with the highest proportion (49.01%) of ALD
hospitalizations was Southeast (n = 78463). The North region had the lowest
absolute number of patients throughout the study period, corresponding to 3.9%
of the total (n = 6242). There was a 24.72% increase in the total number of ALD
deaths between 2006 and 2015. We found that the age group between 50 and 59
years had the highest proportion of both hospitalizations and deaths: 28.94% (n =
46329) of total hospital admissions and 29.43% (n = 28864) of all deaths. Men
were more frequently hospitalized than women and had the highest proportions
of deaths in all regions. Mortality coefficient rates increased over the years, and

https://www.wjgnet.com

230

May 27, 2020

Volume 12

Issue 5

Lyra AC et al. Epidemiological profile of ALD over a 10-year period
There is no conflict of interest
associated with any of the senior
author or other coauthors
contributed their efforts in this
manuscript.

STROBE statement: The authors
have read the STROBE
Statement—checklist of items, and
the manuscript was prepared and
revised according to the STROBE
Statement—checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (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: December 6, 2019
Peer-review started: December 6,
2019

simple linear regression analysis indicated a statistically significant upward trend
in this mortality (R² = 0.744).
CONCLUSION
Our study provides a landscape of the epidemiological profile of public hospital
admissions due to ALD in Brazil. We detected an increase in the total number of
admissions and deaths due to ALD over 10 years.
Key words: Alcoholic liver disease; Epidemiology; Mortality; Liver; Cirrhosis; Hospital
admissions
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Alcoholic liver disease (ALD) is one of the main causes of chronic liver disease
worldwide. Many patients with ALD present for medical care after they have developed
advanced liver disease and its complications. It is important to know the epidemiology of
ALD within a specific region/country to better understand which resources might be
necessary to improve management. This study provides a landscape of the
epidemiological profile of hospital admissions due to ALD in different regions of Brazil
from 2006 to 2015, including the mortality rates and admissions according to age range.
We detected a 34.07% increase in the total number of hospital admissions for ALD and a
24.72% increase in the total number of ALD deaths over these 10 years. Therefore, this
study signals the need to be alert to this liver illness and to possibly revisit policies
related to alcohol marketing, sales, and consumption.
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INTRODUCTION
Alcoholic liver disease (ALD) is one of the main causes of chronic liver disease
worldwide. Alcohol is also a frequent co-factor in patients with other types of liver
diseases, including hepatitis C virus infection among others. Alcohol-related
morbidity and mortality have wide geographical variation. Within each country, there
is an excellent correlation between the level of alcohol consumption and the
prevalence of alcohol-related injury. Individuals with long-term significant alcohol
consumption remain at risk for liver disease that may range from alcoholic
steatohepatitis to cirrhosis and hepatocellular carcinoma[1-4].
Many patients with ALD present for medical care after they have developed
advanced liver disease and its complications [1-4] . It is important to know the
epidemiology of ALD within a specific region/country to better understand which
resources might be necessary to improve management[5,6]. ALD might have been
overlooked in recent years due to recent therapy advances in the viral hepatitis field.
Therefore, few pharmacological developments have been made in the management of
patients with this illness. Furthermore, ALD needs more than just a pharmacological
intervention to be cured. It is also important to educate the population about the
potential harm of alcohol usage. Given its high prevalence, economic burden, and
clinical repercussions, ALD should receive significant attention from health
authorities, research funding organizations, the population, and academic liver
associations[1-3,7,8].
This study describes the epidemiological profile of hospital admissions due to ALD
in different regions of Brazil from 2006 to 2015, including the mortality rates and
admissions according to age range.

MATERIALS AND METHODS
This is a descriptive study that evaluated aggregate data. Data from the five Brazilian
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geographic regions were used for the study (Figure 1).
The public health care information system (SUS hospital information system
[SIH/SUS]) was used as the data source regarding admissions to public hospitals as
well as death rates. It is available on the Ministry of Health online platform:
www.datasus.gov.br [9] . Demographic data for the coefficient calculations were
collected in an electronic database maintained by the Brazilian Institute of Geography
and Statistics (http://www.ibge.gov.br)[10]. Data from the period spanning 2006 to
2015 were analyzed.

Study variables
For this study, all reported cases of ALD (International Statistical Classification of
Diseases and Related Health Problems 10th Revision code K70) were evaluated. The
analyzed variables were the number of hospitalizations (hospital admissions) and
deaths due to ALD according to sex (male and female), age range (< 29, 30 to 39, 40 to
49, 50-59, 60-69, 70-79, 80 years-old or more) and year (2006 to 2015). Data are
presented as their absolute and relative values. The proportional distribution and
mortality coefficient were used as indicators. Subsequently, the data were organized
into spreadsheets and presented in tables and graphs using Microsoft Office Excel
2016. The ALD mortality coefficient per year and per region was calculated as follows:
mortality coefficient = number of deaths/population × 100000. The analysis of
temporal evolution of mortality from ALD in Brazil (2006 to 2015) was performed by
describing the magnitude and fluctuations of this indicator during this period.
Thereafter, the temporal trend in ALD mortality was evaluated using simple linear
regression, with mortality from ALD as the dependent variable (Y) and the calendar
year as the independent variable (X). The values of β, R², and P value were evaluated
with SPSS version 21.0. P < 0.05 was considered statistically significant.

Ethical issues
This study was performed according to Resolution 466/2012 of the National Health
Council. Since this study was conducted using a secondary database in the public
domain, which is available on the internet, it was not necessary to obtain written
consent or approval from the Ethics and Research Committee. None of the authors
have conflicts of interest.

RESULTS
Hospitalizations for ALD
During the period between 2006 and 2015, 160093 hospitalizations for ALD were
registered. There was a 34.07% increase in the total number of hospital admissions for
ALD in the Brazilian regions over these 10 years, from 12879 in 2006 to 17267 in 2015.
The region with the highest proportion of hospitalizations during the study period
was the Southeast, with 49.01% (n = 78463). Nevertheless, compared to the other
regions, there was a decrease in this proportion from 2012 to 2015. The North region
had the lowest absolute number of patients throughout the study period,
corresponding to 3.9% of the total (n = 6242). The Midwest region experienced the
greatest proportional increase over the years; this region accounted for 5.30% (n = 683)
of hospitalizations in 2006 and increased to 8.70% (n = 1502) in 2015. The northeastern
region had an increased number of hospitalizations from 2508 (19.47%) hospital
admissions in 2006 to 3936 (22.79%) hospital admissions in 2015. The North region
had a mild proportional increase from 3.14% (n = 404) in 2006 to 4.53% (n = 782) in
2015. On the other hand, although the South and Southeast regions also showed an
increase in the total number of patients admitted to SUS hospitals over the analyzed
period, there was a proportional reduction compared to the other regions. The
Southeast region had the greatest reduction, from 52.69% (n = 6786) in 2006 to 45.34%
(n = 7828) in 2015. In the South region, the rate of ALD admissions decreased from
19.4% (n = 2498) in 2006 to 18.64% (n = 3219) in 2015 (Table 1).

ALD deaths
When the total number of ALD deaths between 2006 and 2015 was evaluated, there
was an increase of 24.72% over the years, with 8429 deaths in 2006 and 10513 in 2015.
While all regions had an increase of deaths, the Southeast and Northeast regions had
the highest mortality in the country in 2015 with 39.47% (n = 4150) and 31.82% (n =
3345), respectively. The North region had the lowest proportion of deaths,
corresponding to 4.25% (n = 447) of the total number in 2015 (Table 2).
When the number of hospitalizations and deaths due to ALD was analyzed
according to age group, we found that the age group between 50 and 59 years had the
highest proportion of both hospitalizations and deaths [28.94% (n = 46329) of the total
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Figure 1

Figure 1 Brazilian map with the five geographic regions and their population (https://ibge.gov.br/).

hospital admissions (data not shown) and 29.43% (n = 28864) of all deaths (Table 3)],
followed by the age range of 40 to 49 years [27.33% (n = 43751) of the total hospital
admissions] (data not shown) and 28.05% (n = 27509) of all deaths (Table 3)]. On the
other hand, the subgroup over 80 years presented with the lowest proportion of
hospitalizations and deaths, corresponding to 1.99% (n = 3184) (data not shown) of
admissions and 2.18% of deaths (n = 2135) (Table 3). Men were more frequently
hospitalized than women in all Brazilian regions (81.68% vs 18.32%) (Table 4). Males
also presented with the highest proportions of deaths in all regions, ranging from
86.22% (n = 6293) in the Midwest to 89.70% (n = 15282) in the South region (Table 5).

Mortality rate coefficients
The mortality rate coefficients increased over the years in the North, Northeast, South
and Midwest regions, while a lower coefficient was detected in the Southeast region.
The highest mortality coefficients were observed in the Midwest (5.99 in 2015) and
South (6.49 in 2011). The lowest coefficient in 2015 was found in the North region
(2.56). Simple linear regression analysis indicated that the upward trend of this
mortality was statistically significant (y = 0.072 x– 140.62). The coefficient of
determination was R² = 0.744 (Figure 2, Table 6). The mortality coefficient was highest
in the age groups of 50 to 59 years, 60 to 69 years, and 70 to 79 years. The mortality
coefficient for the ≤ 29 years old and ≥ 80 years or older age groups remained stable.
When analyzing the mortality coefficients according to sex, men had the highest
values throughout the study period, ranging from 7.99 to 9.26; women had the lowest
values, ranging from 1.07 to 1.30 (data not shown).

DISCUSSION
Our study showed a burden of more than 150000 registered hospitalizations for ALD
over 10 years. We also detected an increase in the total number of hospital admissions
for ALD during the study period. We are unsure if this increase reflects an actual
augmentation of the disease’s burden or an increase in the number of admitted
patients. If it reflects the first situation, it would be interesting to speculate that
alcohol consumption could be growing in Brazil and public health authorities should
be alerted to consider undertaking measures to mitigate this problem and its
consequences.
Notably, as expected, our study detected a sharp increase in the admission rate for
ALD in the population over 30 years old, reaching its peak in the 40- and 59-year-old
age group, the most afflicted age range. On the other hand, the elderly population
appears to be less affected, probably because most patients with ALD will die or be
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Table 1 Number and proportion of hospitalizations due to alcoholic liver disease in the Brazilian
regions between 2006 and 2015
Region
2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total

North

Northeast

Southeast

South

Midwest

Total

n

404

2508

6786

2498

683

12879

%

3.14

19.47

52.69

19.40

5.30

100

n

420

2995

7008

2725

647

13795

%

3.04

21.71

50.8

19.75

4.70

100

n

389

2613

7085

3169

926

14182

%

2.74

18.43

49.96

22.35

6.52

100

n

503

2900

8284

3322

980

15989

%

3.14

18.14

51.81

20.78

6.13

100

n

618

3211

8952

3471

1142

17394

%

3.55

18.46

51.47

19.96

6.56

100

n

757

3245

8737

3131

1181

17051

%

4.44

19.03

51.24

18.36

6.93

100

n

774

3771

8181

3224

1088

17038

%

4.54

22.13

48.02

18.92

6.39

100

n

724

4223

7958

3279

1277

17461

%

4.15

24.18

45.58

18.78

7.31

100

n

871

3983

7644

3156

1383

17037

%

5.11

23.38

44.87

18.52

8.12

100

n

782

3936

7828

3219

1502

17267

%

4.53

22.79

45.34

18.64

8.70

100

n

6242

33385

78463

31194

10809

160093

%

3.90

20.85

49.01

19.49

6.75

100

Data source: Ministry of Health–SUS hospital information system.

transplanted earlier in the course of the illness or will stop drinking and improve.
As expected, the region with the highest proportion of hospitalizations during the
study period was the Southeast because it concentrates the greatest population of the
country. Nevertheless, a decrease in this proportion from 2012 to 2015 was observed.
In other words, while there was an overall 34.07% increase in the total number of
admissions over these 10 years, this rise was approximately 15% in the Southeast
region. This might have occurred for one or more of the following reasons: An
increase in the number of disease notifications of other regions, an improvement of
the regional health care system of the Southeast region, or a decrease in the disease
incidence in that particular area.
It is interesting to note that the North and Midwest regions have similar population
sizes. However, the North region had the lowest absolute number of patients
throughout the study period, corresponding to 3.9% of the total (n = 6242) compared
to 6.75% (n = 10809) in the Midwest region. We are unsure if this difference is due to
better disease reporting or a finer regional health care system in the Midwest or a
lower disease incidence in the North.
The mortality rate was higher in the 40- and 59-year-old age groups as well.
Therefore, it is interesting to speculate that excessive beverage ingestion starts during
young adulthood, and this population should be educated regarding the hazards of
the disease[5,11-13]. It is also interesting to mention that men accounted for the majority
of the affected patients across all regions. Mortality coefficient analysis showed an
increase of the death rates in the North, Northeast, South and Midwest regions, while
there was a decrease in the Southeast region. The highest mortality coefficients were
observed in the Midwest and Northeast. The mortality rate among males increased
while it remained stable among females.
It is expected that men’s drinking habits are greater than women’s because
culturally, in Brazil and possibly worldwide, women are not supposed to socially
drink more than men. Nevertheless, our study still detected ALD in a reasonable
number of females, and this issue should be addressed by public authorities.
Some countries have banned household alcohol production, increased taxation on
factory-produced alcohol, specified the legal age of consumption of alcohol at 21 years
of age, and identified and monitored one dry day a week on weekdays[14,15]. Meta-
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Table 2 Number and proportion of deaths due to liver disease in the Brazilian regions between
2006 and 2015
Region
2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total

North

Northeast

Southeast

South

Midwest

Total

n

204

2260

3953

1494

518

8429

%

2.42

26.81

46.90

17.72

6.15

100

n

244

2487

3926

1686

542

8885

%

2.75

27.99

44.19

18.98

6.10

100

n

286

2627

4097

1745

639

9394

%

3.04

27.96

43.61

18.58

6.80

100

n

305

2676

4131

1596

610

9318

%

3.27

28.72

44.33

17.13

6.55

100

n

350

2829

4310

1769

660

9918

%

3.53

28.52

43.46

17.84

6.65

100

n

317

2991

4424

1838

741

10311

%

3.07

29.01

42.91

17.83

7.19

100

n

391

3133

4303

1716

834

10377

%

3.77

30.19

41.47

16.54

8.04

100

n

411

3169

4142

1800

950

10472

%

3.92

30.26

39.55

17.19

9.07

100

n

459

3215

4153

1746

880

10453

%

4.39

30.76

39.73

16.70

8.42

100

n

447

3345

4150

1646

925

10513

%

4.25

31.82

39.47

15.66

8.80

100

n

3414

28732

41589

17036

7299

98070

%

3.48

29.30

42.41

17.37

7.44

100

Data source: Ministry of Health–SUS hospital information system. SIM: Mortality Information System.

analyses and reviews have detected that a price increase for alcohol beverages was
associated with a decrease in its consumption. It is estimated that a 10% price increase
might be associated with a 5% reduction in consumption, on average[5,8,11,14-16].
Another possible action could be focused on marketing interventions and
regulations. It has been reported that for each 10% increase in advertising
expenditure, there is a 0.3% increase in adult alcohol consumption[7,11,17,18]. Therefore,
the implementation of policies reinforcing explanations of the ill effects of alcohol the
same way it is performed for smoking could be effective. The Brazilian government
has conducted massive television broadcasts to clarify the potential consequences of
smoking, including lung cancer and other types of malignant neoplasia. Additionally,
the manufacturers are obliged to expose the outcomes of smoking as well during
cigarette advertisements. Therefore, a similar procedure could be performed to
educate the population about the potential hazards of excessive alcohol ingestion,
including the development of ALD, alcoholic hepatitis, hepatic cirrhosis, and liver
cancer.
It is important to be aware that this study was conducted using a government
secondary database in the public domain which is fed by numerous health
professionals in each region. Therefore, the accuracy of the provided information
cannot be evaluated. Also, the database does not provide further details regarding the
studied population. Therefore, we were unable to look in-depth if the reason for
hospital admission was only due to ALD or other associated conditions might have
influenced. Nevertheless, it is interesting to note that usually the main reason for the
hospital admission is inserted in the database.
In summary, our study has provided a landscape of the epidemiological profile of
hospital admissions due to ALD in different regions of Brazil from 2006 to 2015,
including the mortality rates and admissions according to age range. We detected a
34.07% increase in the total number of hospital admissions for ALD and a 24.72%
increase in the total number of ALD deaths over these 10 years. Notably, the Brazilian
population increased by only 10% during the same period. Therefore, this study
signals the need to be alert to this liver illness and to possibly revisit policies related to
alcohol marketing, sales, and consumption.
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Table 3 Number and proportion of deaths due to liver disease according to age range
Age group, in years
Region
< 29

30-39

40-49

50-59

60-69

70-79

Missing
data

≥ 80

Total

n

%

n

%

n

%

n

%

n

%

n

%

n

%

n

%

n

%

109

3.19

467

13.68

865

25.34

876

25.66

604

17.69

326

9.55

145

4.25

22

0.64

3414

100

Northeast 997

3.47

4502

15.67

8119

28.26

7335

25.53

4604

16.02

2273

7.91

835

2.91

67

0.23

28732

100

Southeast

704

1.69

4725

11.36

11594

27.88

13273

31.91

7553

18.16

2897

6.97

729

1.75

114

0.27

41589

100

South

234

1.37

1624

9.53

4706

27.62

5345

31.37

3389

19.89

1412

8.29

307

1.80

19

0.11

17036

100

Midwest

186

2.55

1083

14.84

2225

30.48

2035

27.88

1156

15.84

460

6.30

119

1.63

35

0.48

7299

100

Total

2230

2.27

12401

12.65

27509

28.05

28864

29.43

17306

17.65

7368

7.51

2135

2.18

257

0.26

98070

100

North

Table 4 Number and proportion of hospitalizations due to alcoholic liver disease, by sex, in the Brazilian regions between 2006 and 2015
Region

Male

Female

Total

n

%

n

%

n

%

North

4846

77.64

1396

22.36

6242

100

Northeast

26694

79.96

6691

20.04

33385

100

Southeast

64329

81.99

14134

18

78463

100

South

26308

84.34

4886

15.66

31194

100

Midwest

8590

79.47

2219

20.53

10809

100

Total

130767

81.68

29326

18.32

160093

100

Data source: Ministry of Health–SUS hospital information system.

Table 5 Number and proportion of deaths, by alcoholic liver disease by sex, in the Brazilian regions between 2006 and 2015
Region

Male

Female

Total

n

%

n

%

n

%

North

3020

88.48

393

11.51

3413

100

Northeast

25260

87.92

3463

12.05

28723

100

Southeast

36273

87.22

5311

12.77

41584

100

South

15282

89.70

1753

10.29

17035

100

Midwest

6293

86.22

1005

13.77

7298

100

Total

86128

87.82

11925

12.16

98053

100

Data source: Ministry of Health–SUS hospital information system. SIM: Mortality Information System. Missing data: n = 17.

Table 6 Mortality rate (per 1000) of alcoholic liver disease in Brazil in the Brazilian regions between 2006 and 2015
Region

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

North

1.35

1.59

1.83

1.91

2.16

1.92

2.34

2.42

2.66

2.56

Northeast

4.30

4.69

4.91

4.95

5.19

5.44

5.66

5.68

5.72

5.91

Southeast

4.98

4.90

5.06

5.06

5.23

5.32

5.14

4.90

4.88

4.84

South

5.51

6.16

6.32

5.73

6.30

6.49

6.01

6.25

6.02

5.63

Midwest

3.88

3.99

4.63

4.34

4.62

5.10

5.65

6.34

5.78

5.99

Total

4.50

4.69

4.90

4.81

5.07

5.22

5.21

5.21

5.16

5.14

Data source: Ministry of Health–SUS hospital information system (SIH/SUS). SIM: Mortality Information System; IBGE: Brazilian Institute of Geography
and Statistics.
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Figure 2

Figure 2 Mortality rate coefficients. Simple linear regression analysis (y = 0.072x – 140.62). The coefficient of determination was R² = 0.744.

ARTICLE HIGHLIGHTS
Research background
Alcoholic liver disease (ALD) is one of the main causes of chronic liver disease worldwide.
Individuals with long-term significant alcohol consumption remain at risk for liver disease that
may range from alcoholic steatohepatitis to cirrhosis and hepatocellular carcinoma.

Research motivation
It is important to know the epidemiology of ALD within a specific region/country to better
understand which resources might be necessary to improve management. ALD might have been
overlooked in recent years due to recent therapy advances in other Hepatology fields.

Research objectives
To describe the epidemiological profile of hospital admissions due to ALD in different regions of
Brazil from 2006 to 2015, including the mortality rates and admissions according to age range.

Research methods
This is a descriptive study that has evaluated aggregate data. Data from the five Brazilian
geographic regions were used for the study.

Research results
There was a 34.07% increase in the total number of admissions over these 10 years, from 12879 in
2006 to 17267 in 2015 as well as a 24.72% increase in the total number of ALD deaths between
2006 and 2015. We found that the age group between 50 and 59 years had the highest proportion
of both hospitalizations and deaths: 28.94% (n = 46329) of total hospital admissions and 29.43%
(n = 28864) of all deaths. Men were more frequently hospitalized than women and had the
highest proportions of deaths in all regions. Mortality coefficient rates increased over the years,
and simple linear regression analysis indicated a statistically significant upward trend in this
mortality (R² = 0.744).

Research conclusions
Our study has provided a landscape of the epidemiological profile of public hospital admissions
due to ALD in Brazil. We detected an increase in the total number of admissions and deaths due
to ALD over 10 years.

Research perspectives
This study signals the need to be alert to this liver illness and to possibly revisit policies related
to alcohol marketing, sales, and consumption.
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AIM
To evaluate the efficacy of various antibiotics for prophylaxis of SBP based on
randomized control trials (RCTs).
METHODS
Electronic databases were searched through November 2018 for RCTs evaluating
the efficacy of therapies for primary or secondary prophylaxis of SBP. The
primary outcome was the development of SBP. Sensitivity analyses limited to
studies of primary or secondary prophylaxis and studies reported after 2010 were
performed. The secondary outcome was the risk of all-cause mortality or
transplant. The outcomes were assessed by rank of therapies based on network
meta-analyses. Individual meta-analyses were also performed.
RESULTS
Thirteen RCTs (1742 patients) including norfloxacin, ciprofloxacin, rifaximin,
trimethoprim-sulfamethoxazole (TMP-SMX), or placebo/no comparator were
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identified. Individual meta-analyses showed superiority of rifaximin over
norfloxacin as well as norfloxacin and TMP-SMX over placebo. Network metaanalysis demonstrated the rank of efficacy in reducing the risk of SBP as:
Rifaximin, ciprofloxacin, TMP-SMX, norfloxacin, and placebo/no comparator.
Rifaximin ranked highest in sensitivity analyses limited to studies of primary or
secondary prophylaxis and studies reported after 2010. Similarly, rifaximin
ranked highest in reducing the risk of death/transplant.
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CONCLUSION
The present comprehensive network meta-analysis provides RCT based evidence
for superior efficacy of rifaximin compared to other antibiotics for the
prophylaxis of SBP and reducing risk of death/transplant. Further RCTs are
warranted to confirm our findings.
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Core tip: Spontaneous bacterial peritonitis (SBP) is an important prognostic factor for
outcomes in patients with cirrhosis. We performed a systematic review and network
meta-analysis of randomized control trials evaluating the efficacy of antibiotics for
primary or secondary prophylaxis of SBP. Rifaximin ranked highest in reducing the risk
of SBP as well as the risk of death/transplant. Our comprehensive network meta-analysis
provides randomized control trials-based evidence for superior efficacy of rifaximin
compared to other antibiotics for the prophylaxis of SBP and reducing the risk of
death/transplant.

Citation: Faust N, Yamada A, Haider H, Komaki Y, Komaki F, Micic D, Sakuraba A.
Systemic review and network meta-analysis: Prophylactic antibiotic therapy for spontaneous
bacterial peritonitis. World J Hepatol 2020; 12(5): 239-252
URL: https://www.wjgnet.com/1948-5182/full/v12/i5/239.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i5.239

INTRODUCTION
Spontaneous bacterial peritonitis (SBP) is the most common infection seen in patients
with advanced liver cirrhosis and ascites[1,2]. Development of SBP can lead to renal
dysfunction, hepatic encephalopathy, and deterioration of hepatic function, which
adversely affect survival. Despite advances in treatment, in-hospital mortality of
patients with SBP remains as high as 25%-30%[3]. Risk factors for the development of
SBP include ascites protein levels < 1 g/dL, high serum bilirubin, prior episodes of
SBP, and advanced liver disease[4,5]. Recurrences are also common following a single
episode of SBP and are seen in up to 69% of infected patients within one year[6]. Thus,
the first onset of SBP is an important prognosticator for health outcomes in patients
with advanced liver disease. The use of antibiotics in patients with variceal bleeding
and as secondary prophylaxis of SBP is recommended by the American Association
for Study of Liver Diseases[7] and European Association for the Study of the Liver[8]
guidelines [7,9,10] . However, evidence for the role and choice of antibiotics in both
primary and secondary prophylaxis in the absence of gastrointestinal (GI) bleeding
remains unclear.
Antibiotic prophylaxis has been shown to reduce the incidence of SBP in patients
who are at high risk[11,12]. Overgrowth, translocation, and dissemination of intestinal
bacteria are early steps in the pathogenesis of SBP and are more prevalent in cirrhotic
patients compared to non-cirrhotic controls[13,14]. The majority of SBP are caused by
Escherichia coli or other gram-negative bacteria, though gram-positive bacteria have
been increasingly seen in the setting of antibiotic resistance[15,16]. Antibiotic prophylaxis
primarily works via decontamination of the gut, thus lowering the bacterial reserves
available for translocation. Guidelines recommend ceftriaxone for patients with
advanced cirrhosis and GI bleeding or norfloxacin twice daily for seven days with
severe liver disease as these patients are at high-risk for developing SBP.
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Trimethoprim/sulfamethoxazole (TMP-SMX) and ciprofloxacin are also listed as
effective alternatives[7,10]. Additionally, two recent meta-analysis by Goel et al[17] and
Sidhu et al[18] suggested a benefit for primary or secondary SBP prophylaxis in using
rifaximin, a gut-selective antibiotic, compared to norfloxacin.
Several randomized control trials (RCTs) and cohort studies have demonstrated
efficacy of various antibiotics, either in comparison to placebo or other antibiotics for
prophylaxis of SBP [19] . Yet the number of trials remains small, and comparisons
between antibiotics remains sparse, thus limiting our ability to compare treatments
which have been studied separately. A network meta-analysis can be used to study
outcomes of multiple interventions within the same disease process[20,21]. This study
uses a network meta-analysis method to rank and provide a comprehensive
evaluation of recommended options for primary and secondary antibiotic prophylaxis
of SBP based on RCTs.

MATERIALS AND METHODS
Search strategy and study selection
We performed this study according to a previously defined protocol and in
accordance with the PRISMA for Network Meta-Analyses (PRISMA-NMA)
guidelines [ 2 2 ] . The protocol of this meta-analysis has been registered to the
International prospective register of systematic reviews (PROSPERO) [23] . We
conducted a systemic literature search of PubMed/MEDLINE, Google scholar,
Scopus, EMBASE and Cochrane Central Register of Controlled Trials (inception to
November 1, 2018) for studies assessing the efficacy of antibiotic prophylaxis for SBP.
For Google scholar, only the first 1000 articles were reviewed at each search as results
are not provided past this number. We also searched abstracts from medical
conferences (Digestive Disease Week, American College of Gastroenterology, United
European Gastroenterology Week, and AASLD) and bibliographies of identified
articles for additional references.
Only RCTs evaluating the efficacy of one or more antibiotic interventions for
prophylaxis (primary or secondary) of SBP or reported it as an outcome were eligible
for inclusion. Studies of SBP prophylaxis in the setting of GI bleeding were excluded.
Control arms were placebo, no treatment, or alternative treatments. For the purpose of
this study, placebo and no treatment arms were combined and are aggregately
referred to as placebo from this point forward. Inclusion was not restricted based on
age, sex, or duration of study. No geographic restrictions were placed on eligible
articles and articles in languages other than English were translated if necessary.
Studies were searched with a combination of terms including “spontaneous bacterial
peritonitis”, “prophylaxis”, “antibiotics” and “randomized”. Terms were searched as
both medical subject headings and free text and were combined using the set
operators. Two authors (Faust N and Yamada A) independently screened potential
titles and abstracts in the primary search in order to identify articles addressing the
question of interest. The full text of selected articles was then evaluated for eligibility
and content areas of disagreement or uncertainty were resolved based on discussion
and consensus between the two authors and principal investigator.

Data extraction and quality assessment
Data was abstracted using a standardized data abstraction form. Study characteristics
including the authors, location, year of study, study period, sample size, mean age of
patients, sex of patients, inclusion and exclusion criteria, antibiotics used, and
endpoints were collected. Outcomes and adverse events were extracted for each study
when reported. The Jadad scale, a validated method for assessing the methodological
quality of a clinical trial, was used to assess the quality of each included study[24].
Cochrane scores were also used as a qualitative measure for bias[25].

Outcome assessment
The primary outcome for this study was the proportion of patients who developed
SBP in each intervention arm. Incidence of SBP was determined in each study by a
combination of clinical characteristics (fever, abdominal pain), cytologic criteria, and
ascitic fluid cultures. The secondary outcome was the risk of death/transplant as
assessed by the proportion of patients who died or were transplanted in each
intervention arm due to any cause. Data was extracted as intention-to-treat whenever
allowed by individual RCT reporting. Outcomes were assessed by risk difference
between the two treatment arms.
We performed the following subgroup analyses: (1) Excluding studies with low
quality as assessed with the Jadad scale ≤ 2; (2) Analysis of primary prophylaxis,
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including only patients without a history of SBP; (3) Analysis of secondary
prophylaxis including only patients with a history of SBP; and (4) Analysis of studies
performed after 2010 (after rifaximin was approved by United States Food and Drug
Administration to reduce the risk of hepatic encephalopathy).

Statistical analysis
The network meta-analysis is a technical method which allows readers to visualize
and interpret data for the relative merits of multiple interventions in a given
condition. This synthesis of data allows preservation of the randomization within
each trial[26]. Two assumptions necessary for the validity of the network meta-analysis’
mixed comparisons are that the data across sets is transitively related and
consistent[27].
In the framework of this study, transitivity is a measure of methodological
homogeneity and can be assumed when the data sets for two direct comparison
studies are similar in their distributions. Such is the case when subject demographics
for the included studies are similar in distribution, and subjects for any given study
eligible for any of the interventions based on eligibility and exclusion criteria across
all studies. Still, some clinical and methodological heterogeneity is expected across
studies. The Bayesian Markov chain Monte Carlo method was used account for this[28].
Our model contained parameters describing the relative treatment effect of each
treatment compared with each other and a common comparator (placebo). Other
treatment comparisons were derived by analyzing differences between model
parameters.
Consistency refers to statistical heterogeneity, or the degree to which disagreements
in study specific treatment effects exist beyond what can be explained by chance[29].
RCT consistency in this study was measured using the node-splitting method. The
results were presented as median effect sizes along with 95% confidence intervals
(CIs). No significant inconsistency was present when 95%CIs of inconsistency factors
included zero or when a large P value (> 0.05) for the comparison between direct and
indirect effects in the node splitting analysis was found.
Each Bayesian Markov chain Monte Carlo cycle provided a ranking of the
treatments according to the estimated effect size and the full set of simulations. We
calculated the surface under the cumulative ranking (SUCRA) probabilities [20] .
SUCRAs expressed as percentages compare each intervention to an imaginary
intervention that is always the best without uncertainty. The ranking probability for
each drug, i.e., the most efficacious, the second-best, the third-best, and so on, was
calculated and the overall ranks were interpreted by SUCRA technique. The larger
SUCRAs denote more effective interventions.
For direct meta-analysis, we evaluated the presence of heterogeneity across trials of
each therapy by using the I2 statistic. An I2 value of < 25% indicates low heterogeneity,
25%-75% moderate heterogeneity, and > 75% high heterogeneity, respectively[30]. We
also evaluated the presence of heterogeneity across trials of each therapy by using the
statistic Q and used a P value of < 0.10 as evidence of statistically significant
heterogeneity[31]. All analysis was performed with ADDIS 1.× (drugis.org)[32]. We
followed the Cochrane Handbook for Systematic Reviews of Interventions in the
report of this meta-analysis[25].

RESULTS
Study characteristics
Literature review identified 171 citations through the initial search. We excluded 154
titles and abstracts after initial screening and assessed 18 articles for eligibility (Figure
1). Ultimately, 13 RCTs, including a total of 1757 patients, were included in the
evaluation of 5 interventions for SBP prophylaxis: Norfloxacin, ciprofloxacin,
rifaximin, trimethoprim-sulfamethoxazole (TMP-SMX), and placebo. All studies were
parallel studies and 5 were placebo-controlled trials. Inclusion criteria for participants
among each study included diagnosis of cirrhosis by clinical diagnosis, imaging, liver
biopsy, laboratory values and/or presence of ascites. Exclusion criteria included
documented anaphylaxis to one of the study interventions, hepatocellular carcinoma
or other neoplasias that could shorten life expectancy, bacterial infection at admission,
HIV infection or hepatic encephalopathy, and pregnant and lactating women. All
trials included ascitic fluid PMN count in the diagnosis of SBP. The majority of trials
diagnosed SBP with PMN ≥ 250, with one study using diagnostic criteria of
polymorphonuclear cells ≥ 350. The majority of the studies included advanced
cirrhotic patients (Child-Pugh class B or C) with alcoholic or viral hepatitis as its
cause. The study by Assem et al [33] included a treatment group that alternated
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norfloxacin and rifaximin, but it was excluded from our analysis. Five studies used
antibiotics for primary prophylaxis (excluded patients with a history SBP and the
remainder contained a mixed cohort of patients with or without a history of SBP.
Seven and 6 studies were published before and after 2010, respectively. All 3 studies
that included rifaximin were published after 2015 and compared its efficacy to
norfloxacin in a non-double-blinded manner[33-35]. A summary of individual study
characteristics and outcome data for the included studies are summarized in Table 1.
The median JADAD for all included studies was 3, with individual scores for each
study ranging from 1 to 4. JADAD scores and Cochrane meta-analysis bias scores are
shown in Table 2.

Individual meta-analyses of SBP risk
Individual meta-analyses were performed to compare the efficacy between each
antibiotic. It should be noted that the number of studies in each meta-analysis was
small ranging from 1-5. Superiority of norfloxacin and TMP-SMX over placebo were
demonstrated in meta-analyses including 5 and 1 study, respectively
(Supplementary Figure 1B and C). One study comparing ciprofloxacin to placebo
demonstrated a non-significant superiority of ciprofloxacin over placebo (Supplementary Figure 1A). Three studies compared rifaximin to norfloxacin, and the metaanalysis showed superiority of rifaximin over norfloxacin with no heterogeneity
(Supplementary Figure 1D). Two studies and one study compared TMP-SMX to
norfloxacin and ciprofloxacin to norfloxacin, respectively, and the meta-analyses
showed no difference between the two agents (Supplementary Figure 1E and F).

Network meta-analysis of SBP risk
There were 5 studies comparing norfloxacin to placebo, 3 studies comparing
norfloxacin to rifaximin, and two studies comparing norfloxacin to TMP-SMX. The
remainder of comparisons (ciprofloxacin vs placebo, norfloxacin vs ciprofloxacin,
TMP-SMX vs no treatment) included only one study each. The network of all
intervention comparisons analyzed for efficacy of SBP prophylaxis is shown in Figure
2A. The network meta-analysis for the relative effects of each treatment for SBP
prophylaxis is shown in Figure 2B. SUCRA interpretations of the rank probability for
efficacy is shown in Figure 2C, with larger SUCRA scores indicating higher efficacy.
In ascending order, the treatments ranked as (1) rifaximin; (2) ciprofloxacin; (3) TMPSMX; (4) norfloxacin; and (5) placebo. Most of the 95%CIs of SUCRA for active
treatments overlapped with each other, but none of those overlapped with the one of
placebo. Similar results were found when we excluded studies with low quality
(Jadad scale ≤ 2) (Supplementary Figure 2).
The results were shown to meet criteria for consistency based on the inconsistency
model analyses and node-splitting analyses. The median inconsistency factors for
norfloxacin/placebo/TMP-SMX and ciprofloxacin/norfloxacin/placebo were -0.26
[95%CI: (-2.85, 1.36)] and 0.06 [95%CI: -1.92, 2.41]. Comparison data from the node
split model did not show significant differences between the direct and indirect effects
(ciprofloxacin vs norfloxacin, P = 0.72; ciprofloxacin vs placebo, P = 0.91; norfloxacin
vs placebo, P = 0.64; norfloxacin vs TMP-SMX, P = 0.35; placebo vs TMP-SMX, P =
0.35) supporting the consistency of the network meta-analysis.
As part of the subgroup analysis, we performed a network meta-analysis among
the 5 studies that used antibiotics for primary prophylaxis of SBP (Supplementary
Figure 3). In ascending order, the treatments ranked as (1) rifaximin; (2) norfloxacin;
(3) ciprofloxacin; and (4) placebo. There was no study that used TMP-SMX for
primary prophylaxis, thus, it was not included in this particular network metaanalysis. Network meta-analysis undertaken among the 8 studies that included
patients who used antibiotics for secondary prophylaxis of SBP (Supplementary
Figure 4), demonstrated that the treatments ranked as (1) rifaximin; (2) ciprofloxacin;
(3) TMP-SMX; (4) norfloxacin; and (5) placebo. When network meta-analysis was
performed among the 6 studies that were published after 2010 (Supplementary Figure
5), the treatments ranked in ascending order as (1) rifaximin; (2) TMP-SMX; (3)
ciprofloxacin; (4) norfloxacin; and (5) placebo.

Individual and network meta-analyses of the risk of death/transplant
Individual meta-analyses assessing the risk of death/transplant are shown in
Supplementary Figure 6. One study compared ciprofloxacin to placebo and 3 studies
compared rifaximin to norfloxacin, and the meta-analyses showed superiority of
ciprofloxacin and rifaximin over their comparators in reducing the risk of death,
respectively (Supplementary Figure 6A and D). The remainder of the individual metaanalyses demonstrated no significant superiority between each treatment arm. It
should be noted that the number of studies in each meta-analysis was small ranging
from 1-5.
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Novella et al[47] 1997

Grangé et al[48] 1998

Fernández et 2007
al[49]
Moreau et al[50] 2018

Norfloxacin vs no
treatment

Norfloxacin vs placebo

Norfloxacin vs placebo
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2016

TMP-SMX 160/800 Norfloxacin 400
mg daily
mg daily

Lontos et al[54] 2014

Norfloxacin 400
mg daily
Norfloxacin 400
mg daily
No treatment

TMP-SMX 160/800 Norfloxacin 400
mg 5 d per week
mg daily

1995

6 mo

12 mo

6 mo

43 wk

6.4 mo

7.6-7.8 mo

Mean
follow-up

208-251 d

163-182 d

90 d

6 mo

6 mo

Ciprofloxacin 750 12 mo
mg weekly
Norfloxacin 400 6 mo
mg daily

Placebo

Placebo

Alvarez et al[53] 2005

Singh et al[52]

Rifaximin 1200 mg
daily
Rifaximin 1100 mg
daily
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mg 5 d per week
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daily
Norfloxacin 400 mg
daily
Norfloxacin 400 mg
daily
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daily
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mg daily
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daily
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daily
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40
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4/25
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ITT: Intention to treat; NA: Not available; PMN: Polymorphonuclear cells; PP: Per protocol; SBP: Spontaneous bacterial peritonitis.

Trimethoprimsulfamethoxazole vs no
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Trimethoprimsulfamethoxazole vs
norfloxacin
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Rifaximin vs norfloxacin Assem et al[33] 2016
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Figure 1

Figure 1 Flow chart of assessment of studies identified in the network meta-analysis.

The network of all intervention comparisons analyzed for efficacy of risk reduction
of death is shown in Figure 3A. The network meta-analysis for the relative effects of
each treatment is shown in Figure 3B. SUCRA interpretations of the rank probability
for efficacy is shown in Figure 3C and, in ascending order, the treatments ranked as
(1) rifaximin; (2) ciprofloxacin; (3) norfloxacin; (4) TMP-SMX; and (5) placebo. The
median inconsistency factors for norfloxacin/placebo/TMP-SMX and
ciprofloxacin/norfloxacin/placebo were -0.22 [95%CI: (-1.64, 0.56)] and -0.20 [95%CI:
(-1.39, 0.50)], which met the criteria for consistency. Comparison data from the node
split model did not show significant differences between the direct and indirect effects
(ciprofloxacin vs norfloxacin, P = 0.25; ciprofloxacin vs placebo, P = 0.21; norfloxacin
vs placebo, P = 0.09; norfloxacin vs TMP-SMX, P = 0.35; placebo vs TMP-SMX, P =
0.20) supporting the consistency of the network meta-analysis.

DISCUSSION
In this systematic review and meta-analysis, we compared and assessed the efficacy of
different antibiotic treatments for SBP prophylaxis in individuals with advanced
cirrhosis. This was done in order to validate current treatment recommendations and
to perform indirect comparisons of active treatments where no or few direct
randomized comparison trials existed. Among the four antibiotics and placebo
included in the meta-analysis, rifaximin was the most effective in preventing SBP,
followed by ciprofloxacin, TMP-SMX, norfloxacin, and placebo. Similarly, rifaximin
ranked highest in reducing the risk of death.
Current guidelines from the AASLD and EASL recommend prophylactic treatment
with intravenous ceftriaxone or oral norfloxacin for the prevention of SBP in the
setting of GI bleeding and severe liver disease[10]. Norfloxacin is recommended for
primary prophylaxis in cirrhotic patients with low ascitic fluid protein concentration
and/or high serum bilirubin levels as they are at high risk of developing a first
episode of SBP. Furthermore, norfloxacin is also recommended for secondary
prophylaxis because recurrent SBP is common[7,10]. Our study validates results from
two meta-analyses by Goel et al[17] and Sidhu et al[18], which found a reduction in the
development of SBP with the use of rifaximin compared to the recommended
norfloxacin regimens. A recent network meta-analysis by Facciorusso et al[2] reported
moderate evidence for norfloxacin and ciprofloxacin in primary prophylaxis of SBP,
and low quality evidence for the use of rifaximin. This difference may be accounted
for by the inclusion of studies that included both patients with primary prophylaxis
and with a history of SBP in our study. Such studies were included in our primary
outcome of combined primary and secondary prevention, but not in our subgroup
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Table 2 JADAD and Cochrane meta-analysis bias scores
2 Was
the
1 Was
randomithe study
zation
describscheme
ed as
describrandomiz
ed and
-ed?
appropri
ate?

3 Was
the study
described as
doubleblind?

4 Was
the
method
of double
blinding
appropriate?
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there a
descripTotal
tion of
JADAD
dropouts
Score
and
withdrawals?

Sequence
generation (for
arm
randomization)

Allocation
concealed

Blinding
of
outcomes

Incomple
-te
outcome
ITT
data
addressed

Sample
size
calculation

Ginés et
al[46]

O

NA

O

O

O

4

X

X

O

O

O

O

Singh et
al[52]

O

NA

X

NA

X

1

?

?

X

?

O

X

Novella
et al[47]

O

NA

X

NA

O

2

?

?

X

?

O

X

Grangé
et al[48]

O

NA

O

NA

O

3

?

?

?

O

O

O

Alvarez
et al[53]

O

NA

X

NA

X

1

O

O

X

?

?

X

Fernánde O
z et al[49]

O

O

NA

O

4

O

O

O

O

O

O

Terg et
al[45]

O

O

O

NA

O

4

O

O

O

O

O

O

Lontos et O
al[54]

O

X

NA

O

3

O

X

X

O

O

O

Mostafa
et al[34]

O

NA

X

NA

X

1

O

X

X

?

O

O

Elfert et
al[35]

O

O

X

NA

O

3

O

X

X

?

O

O

Assem et O
al[33]

O

X

NA

O

3

O

X

X
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analyses due to lack of subgroup randomization and incomplete information.
Analyses of treatment effects in these subgroups are therefore subject to additional
biases when compared to complete cohorts[36]. Our network meta-analysis provides
evidence for superiority of rifaximin over the other studied antibiotics, which could
otherwise not be compared by direct meta-analysis. Furthermore, ciprofloxacin and
TMP-SMX ranked higher than norfloxacin in reducing the risk of SBP. Ciprofloxacin
also ranked higher than norfloxacin in reducing the risk of death. Selective
decontamination likely reduces the incidence of bacterial translocation of causative
microflora through the gut. Evidence suggests that this effect may be compounded by
or contributed to decreased expression of bacterial virulence factors and adhesion
molecules[37,38]. Increased antibiotic efficacy with rifaximin has been seen in other GI
diseases such as small intestinal bacterial overgrowth and traveler’s diarrhea, which
may also be working preferably in the setting of SBP prophylaxis[39,40].
Rifaximin also has a favorable side effect profile compared to other antibiotics,
particularly with respect to the development of antibiotic resistant flora. The use of
fluoroquinolones such as norfloxacin, which have traditionally been used for SBP
prophylaxis, is associated with the development of resistant bacterial strains.
Concurrently, there has been a recent shift in cases of documented SBP from being
caused by gram-negative organisms to being caused by gram-positive organisms[41,42].
This is particularly seen in cases of SBP in patients on norfloxacin prophylaxis and
may contribute to the increased efficacy of rifaximin seen in trials vs norfloxacin, as
the infective organisms are more likely to be may be gram-positive that fall under the
spectrum covered by rifaximin.
A major limitation of our study is the rather sparse geometry of the network due to
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Figure 2

Figure 2 Network meta-analysis of studies assessing the risk of spontaneous bacterial peritonitis. A: Network of treatment comparisons between antibiotics.
Numbers indicate the number of studies comparing the two connected treatment arms; B: Relative effects of between each treatment. The numbers in the cell
represent the odds ratio (95%CI) of the column defining modality relative to the row defining treatment; C: Rank probability (consistency model) for each antibiotic.
Indicated is the possibility of each rank (No. 5 is the best). The overall rank interpreted by surface under the cumulative ranking technique is shown in the table.
surface under the cumulative rankings in the table are reordered in the conventional ascending sequence. CPFX: Ciprofloxacin; NFX: Norfloxacin; RFX: Rifaximin;
TMPSMX: Trimethoprim-sulfamethoxazole; SUCRA: Surface under the cumulative ranking.

the small number of RCTs. This effect is compounded by the range in quality of the
studies used, with a JADAD score of less than three in 4 of the 11 studies used. Scores
were most often lowered by the fact that practitioners and participants were not
blinded to treatments and outcomes in some of the studies. However, we confirmed
that a similar result was found when excluding studies with low quality scores.
Several studies also contained elements indicative of bias and heterogeneity as
determined by Cochrane meta-analysis criteria, and many of the studies analyzed
were relatively smaller in size. The studies that included rifaximin all compared its
efficacy to norfloxacin and there were no studies comparing rifaximin to placebo or
other antibiotics, therefore limiting direct comparison with other agents. This further
affirms the need for network meta-analyses in order to simultaneously compare the
efficacy of multiple agents. Disagreement between direct and indirect comparisons
may raise concerns for the validity of a network meta-analysis, however, the
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Figure 3

Figure 3 Network meta-analysis of studies assessing the risk of death/transplant. A: Network of treatment comparisons between antibiotics. Numbers indicate
the number of studies comparing the two connected treatment arms; B: Relative effects of between each treatment. The numbers in the cell represent the odds ratio
(95%CI) of the column defining modality relative to the row defining treatment; C: Rank probability (consistency model) for each antibiotic. Indicated is the possibility of
each rank (No. 5 is the best). The overall rank interpreted by surface under the cumulative ranking technique is shown in the table. surface under the cumulative
rankings in the table are reordered in the conventional ascending sequence. CPFX: Ciprofloxacin; NFX: Norfloxacin; RFX: Rifaximin; TMPSMX: Trimethoprimsulfamethoxazole; SUCRA: Surface under the cumulative ranking.

robustness of our network meta-analysis was supported by the inconsistency model
that demonstrated no such inconsistency. Rank probabilities identified in this network
meta-analysis can be plotted against the possible ranks for all competing
treatments [43,44] . We used SUCRA as a numerical summary to supplement the
cumulative ranking[44], however, the results should be interpreted with caution as
there is no means to statistically assess the difference of the SUCRA values[44]. Most
studies did not differentiate between primary and secondary prophylaxis, but we
found similar results when network meta-analysis was limited to studies using
antibiotics for either primary or secondary prophylaxis. The time span of included
studies ranged from the 1990s to 2018 which may have seen a change in bacteriology
of organisms causing SBP, however subgroup analysis including studies that were
reported after 2010 demonstrated similar outcome. The results of the secondary
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outcome in our network meta-analysis, the reduction in the risk of death/transplant,
needs to be approached with caution as it was not a primary outcome in any of the
included studies. The included studies did not take other decision points into account,
such as cost or quality of life. Furthermore, other factors such as demographics,
concomitant proton inhibitor use, or past antibiotic use, which could confound
outcomes, could not be assessed in the present study.
In conclusion, this systematic review and network meta-analysis of RCTs
comparing multiple antibiotics for prophylaxis of SBP suggests that rifaximin is the
most effective for the outcomes of preventing SBP and reducing all-cause mortality in
high risk cirrhotic patients. Further comparative studies, particularly with appropriate
randomization and larger power, are warranted to confirm these findings.

ARTICLE HIGHLIGHTS
Research background
Spontaneous bacterial peritonitis (SBP) confers significant mortality with high rates of
recurrence. Prevention is therefore indicated and of great importance in cirrhotic individuals
with ascites and either significant hepatic disease, gastrointestinal (GI) bleeding, or history of
SBP.

Research motivation
Yet data is sparse regarding the choice of antibiotic when comparing the previous gold standard,
norfloxacin, to other agents including ciprofloxacin, trimethoprim-sulfamethoxazole (TMPSMX), and the GI selective agent rifaximin. The network meta-analysis technique allows us to
make indirect comparisons across studies using common comparators.

Research objectives
Our present study uses this technique to rank and evaluate recommended therapies for primary
and secondary prophylaxis of SBP.

Research methods
Thirteen randomized control trials including a total of 1757 patient were analyzed. Individual
meta-analyses showed superiority of rifaximin over norfloxacin as well as norfloxacin and TMPSMX over placebo. Network meta-analysis demonstrated the rank of efficacy in reducing the
combined primary and secondary risk of SBP as: Rifaximin, ciprofloxacin, TMP-SMX,
norfloxacin, and placebo/no comparator. Rifaximin ranked highest in sensitivity analyses
limited to studies of either primary or secondary prophylaxis alone, and in studies reported after
2010. Similarly, rifaximin ranked highest in reducing the risk of death/transplant.

Research results
This study provides new evidence for superiority of rifaximin compared to norfloxacin in both
primary and secondary SBP prophylaxis. In summary, this conclusion is supported by decreased
mortality when rifaximin is used for primary or secondary prophylaxis compared to norfloxacin,
ciprofloxacin, and TMP-SMX as shown in individual and network meta-analyses. Other new
insights from this study were that rifaximin still performed best in a subgroup analysis of studies
done after the year 2010, after the recommendation was made for rifaximin use in hepatic
encephalopathy.

Research conclusions
Therefore, this study proposes the new hypothesis that the common use of rifaximin for hepatic
encephalopathy in decompensated cirrhosis does not decrease its effectiveness in SBP
prophylaxis. Additional molecular and biochemical data is needed to explain the beneficial effect
of rifaximin. However, our data supports the hypothesis that rifaximin’s selective
decontamination of the GI tract, favorable resistance profile, and ability to decrease bacterial
translocation across the gut may all contribute to its superiority for prophylaxis. Implications of
these results for clinical practice include reconsideration of current AASLD guidelines to
recommend rifaximin over norfloxacin as the first line agent for SBP prophylaxis.

Research perspectives
The next steps in this area of study should include additional data from large studies with direct
comparisons between each antibiotic. Randomized control trial methods should be used in
future research studies in order to confirm our meta-analysis findings.
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Abstract
BACKGROUND
Cryptococcosis is a fungal infection caused by the yeast-like encapsulated
basidiomycetous fungus of the Cryptococcus neoformans (C. neoformans) species
complex. These fungi are ubiquitous in soil and bird droppings, and infection by
them is an important global health concern, particularly in immunosuppressed
patients, such as organ transplant recipients and those infected by the human
immunodeficiency virus. The fungus usually enters the body through the
respiratory tract, but extremely rare cases of infection acquired by transplantation
of solid organs have been reported.
CASE SUMMARY
We report a case of disseminated cryptococcosis in a liver transplant recipient,
diagnosed 2 wk after the procedure. The patient initially presented with fever,
hyponatremia and elevated transaminase levels, manifesting intense headache
after a few days. Blood cultures were positive for C. neoformans. Liver biopsy
showed numerous fungal elements surrounded by gelatinous matrix and sparse
granulomatous formations. Magnetic resonance imaging of the brain showed
multiple small lesions with low signal in T2, peripheric enhancement and
edematous halo, diffuse through the parenchyma but more concentrated in the
subcortical regions. Treatment with amphotericin B for 3 wk, followed by
maintenance therapy with fluconazole, led to complete resolution of the
symptoms. The recipients of both kidneys from the same donor also developed
disseminated cryptococcosis, confirming the transplant as the source of infection.
The organ donor lived in a rural area, surrounded by tropical rainforest, and had
negative blood cultures prior to organ procurement.
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CONCLUSION
This case highlights the risk of transmission of fungal diseases, specifically of C.
neoformans, through liver graft during liver transplantation.
Key words: Cryptococcosis; Liver transplantation; Cryptococcus neoformans; Case report;
Immunosuppression; Fungal infection
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Core tip: Transmission of cryptococcosis through a liver graft during transplantation is an
exceedingly rare occurrence, with less than 10 cases reported in the literature. Many of
these patients either died or were followed for only a short period of time prior to the
report, so there is little information about long term follow-up of patients with this
condition. We report the case of a patient who acquired disseminated cryptococcosis
from a liver graft during transplantation and was successfully treated, along with the
results of follow-up biopsies and imaging exams up to 3.5 years after the transplant.
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INTRODUCTION
Cryptococcosis is a fungal infection caused by the yeast-like encapsulated
basidiomycetous fungus of the Cryptococcus neoformans (C. neoformans) species
complex. This fungus is ubiquitous in soil and tree bark and is found in particularly
great concentrations in the nitrogen-rich environment that is present in the droppings
of birds, bats and other vertebrates. It can also be found in up to 50% of domestic dust
samples[1]. There are two pathogenic species: C. neoformans and Cryptococcus gattii (C.
gattii). Approximately 95% of reported cryptococcal infections are caused by C.
neoformans serotype A, with the remaining 5% caused by other serotypes or by C.
gattii[2].
The fungus presents as an oval or globular yeast at microscopy, with a diameter of
3 mm to 8 mm, and is characteristically surrounded by a mucopolysaccharidal
capsule[1]. The capsule has a high content of melanin, produced as a result of the
action of the phenoloxidase enzyme. Brain tissue is rich in substrates for
phenoloxidase action, which may at least in part explain the tropism of Cryptococcus
for the central nervous system (CNS)[1]. Cryptococcus has several characteristics that
underlie increased virulence, including thermotolerance and variations in
composition of its cell wall and capsule. There are reports of infection by
Cryptococcus in dogs, cats, horses, sheep, snakes, and porpoises. Birds appear to be
relatively resistant to this infection, possibly due to their high body temperature[3].
C. neoformans was first described in 1894, isolated from fermenting peach juice[4,5].
That same year, it was first described as a human pathogen, having infected a young
woman with osteomyelitis[5]. Cryptococcosis was first reported in Brazil in 1941, in a
patient with pulmonary disease [6] . Infection usually occurs by inhalation of
basidiospores and dry yeasts but it can also occur through the gastrointestinal tract[2,7].
In the pulmonary alveoli, the fungus comes in contact with alveolar macrophages,
which play a central role in the initial immune response. The macrophages internalize
the fungal structures through phagocytosis, and Cryptococcus is able to survive and
replicate inside the vacuole despite acidification. After replication, it can exit the host
cell by a lytic process that destroys the host cell, or by a non-lytic process that leaves
both cells intact[5].
The most common site of symptomatic cryptococcosis is the CNS, which is affected
in about 80% of patients with the disease, and usually presents as a subacute or
chronic meningitis with or without hydrocephalus, or less commonly as cerebral
cryptococcomas, which may be confused for brain neoplasms in imaging evaluation[1].
The most common symptoms are headache, fever and confusion, but ataxia,
amaurosis and cranial nerve palsies may also occur[8,9]. Signs of meningeal irritation
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are present in about 50% of patients[10]. The syndrome of inappropriate antidiuretic
hormone secretion may occur as a complication of cryptococcal meningitis and can
cause severe hyponatremia[11]. There are reports from endemic areas in Brazil where C.
gattii is the main causative agent of meningeal cryptococcosis, but C. neoformans
remains the most common agent throughout the world[12].
Pulmonary disease is the second most common manifestation of cryptococcosis,
presenting as pulmonary consolidations, nodular or cavitary infiltrates, miliary
pattern, or rarely as pleural effusion, and may be unilateral or bilateral[1]. Symptoms
of pulmonary disease include coughing, fever, pleuritic chest pain, and hemoptysis,
but it can be asymptomatic in up to 30% of patients[1,13].
Cutaneous cryptococcosis can present as nodular lesions with a central
umbilication, mimicking molluscum contagiosum, or as areas of swelling and
erythema, similar in aspect to bacterial cellulitis. The most common sites for
cryptococcal skin lesions are the lower extremities (65% of cases) and the trunk
(26%)[14]. Subcutaneous abscesses are a rare manifestation of cryptococcosis, described
mainly in solid organ transplant recipients[15].
Cryptococcal peritonitis is clinically similar to spontaneous bacterial peritonitis,
and usually occurs in cirrhotic patients[16]. Hepatic cryptococcal infection is rare but
may occur in disseminated disease, usually manifesting as cholestatic jaundice that
may rapidly progress to liver failure and death[17]. Disease affecting more than one
organ is considered as disseminated cryptococcosis. Vertical transmission of
cryptococcosis during pregnancy is extremely rare[1].
The diagnosis of cryptococcosis can be made by direct microscopy of sputum,
bronchoalveolar lavage, cerebrospinal fluid (CSF), blood, urine, or organ biopsy. The
use of India ink is helpful in the identification of fungal elements, having a 50%-80%
sensitivity. Fungal culture can also be obtained from the same kind of samples, and
colony growth is usually observed in 48 h to 72 h using mediums such as Sabouraud
agar or blood agar, and having a sensitivity of 70%-90%. A latex agglutination test can
be used to detect Cryptococcus antigens in serum and CSF, having a sensitivity of
95% and a specificity of 98%. Titers above 1:8 strongly suggest active cryptococcosis,
and titration can be used as a parameter to assess the response to antifungal
treatment. Serum antigen does not cross the blood-brain barrier, and therefore does
not interfere with titers detected in the CSF. Enzyme-linked immunosorbent assay can
also be used for the detection of both antigens and antibodies to Cryptococcus, with
even greater sensitivity. Analysis of the CSF usually shows pleocytosis with
lymphocytosis, an increase in protein content, and a decrease in glucose[1,2]. Imaging of
the brain in patients with cryptococcosis affecting the CNS can show leptomeningeal
enhancement, encephalomalacia, infarcts, cerebellitis, hydrocephalus, transverse
myelitis, or the presence of cryptococcomas. In these patients, magnetic resonance
imaging (MRI) of the brain is more sensitive than computerized tomography (CT),
which can be normal in 50% of patients[10,18,19]. Analysis of the ascitic fluid in patients
with cryptococcal peritonitis is highly variable but seldom shows significant
pleocytosis and usually shows an increase in lymphocytes[16].
Recommendations for the treatment of cryptococcosis vary according to the site of
infection and the immunological status of the host. Amphotericin B (0.7 mg/kg daily)
in combination with flucytosine or fluconazole for 2 wk to 10 wk is the recommended
induction treatment for cryptococcal meningitis, followed by a maintenance treatment
of 12-24 mo with daily fluconazole or itraconazole. Refractory cases should be treated
with higher doses (3-6 mg/kg daily) of amphotericin B for another 6-10 wk. High
doses of fluconazole (800-2000 mg daily) can be used if amphotericin B is not tolerated
or unavailable. Intrathecal infusion of amphotericin B has multiple side effects and
should only be used in refractory cases[20]. Voriconazole and posaconazole can also be
treatment alternatives for these patients. Echinocandins appear to have no efficacy
against Cryptococcus. Intermittent lumbar punctures can be of great importance in
the first weeks of the treatment to alleviate intracranial hypertension, which is a
significant source of mortality in cryptococcal meningitis.
There is no consensus in the current literature regarding persistent inflammatory
lesions in the brain during treatment. The complete regression of these lesions can
take a long time, and analysis of the CSF is of limited value to assess the presence of
Cryptococcus in the brain parenchyma. If the lesions persist after the full treatment
course has been completed, and the patient remains asymptomatic and with negative
cultures, the suspension of the antifungal drugs appears to be safe, as long as
adequate clinical and imaging follow-up can be obtained[21].
Treatment for pulmonary cryptococcosis consists of fluconazole (200 mg to 400 mg
daily) for 6-12 mo.
In solid organ transplant recipients afflicted with cryptococcosis, an important
adjuvant for antifungal treatment will involve reduction of the immunosuppressive
drug regimen to the lowest possible levels, in order to increase host cellular immunity
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against the fungus[3].
Incidence of cryptococcosis in solid organ recipients has been estimated at 0.3% up
to 5%, being the third most commonly occurring invasive fungal infection in this
population[8,22]. Mortality ranges from 15%-20% but may be as high as 40% when
infection of the CNS is present[23,24]. Among solid organ transplant recipients, lung and
liver recipients appear to the be the most vulnerable to cryptococcosis, but mortality is
higher in heart transplant patients[25,26]. The onset of the disease after the transplant
usually ranges from 8-21 mo but may occur many years after the procedure[6,8,27,28].
Patients who develop cryptococcosis more than 24 mo after transplantation are more
likely to have CNS disease than those with early-onset disease[29].
Since many antifungals, such as fluconazole, are inhibitors of the cytochrome P450
enzymes, a reduction of about 40%-50% in the dose of tacrolimus may be warranted
in order to maintain therapeutic drug levels[4].
Cirrhosis is an independent risk factor for the development of cryptococcosis,
particularly for cryptococcal peritonitis, and the possibility that early-onset disease
after the transplant actually represents an increase in the symptoms of preexisting
disease must be considered [30-32] . If adequately treated before the transplant,
cryptococcosis is not a contraindication for liver transplantation[33]. There are some
reports on the transmission of Cryptococcus by organ transplantation, and early (less
than 4 wk after the procedure) post-transplant cryptococcosis warrants consideration
of donor transmission [6,34,35] . There are well recorded cases of transmission by
corneal[36,37], lung[38], kidney[39-41] and liver transplants[42-44].

CASE PRESENTATION
Chief complaints
At 14 d after the surgery, a 57-year-old male returned to the emergency room
complaining of fever and malaise.

History of present illness
The patient reported fever (39 °C), chills and loss of appetite that had started 5 d after
hospital discharge.

History of past illness
A 57-year-old male diagnosed with cryptogenic cirrhosis – with hepatic
encephalopathy being the main manifestation of the disease – underwent liver
transplant in a Brazilian tertiary care hospital. At the time of transplantation, the
patient’s model for end-stage liver disease score was 14 and Child-Pugh classification
was class B (8 points). Prior to the procedure, the patient had been admitted to the
hospital several times for hepatic encephalopathy and suffered two major episodes of
upper gastrointestinal bleeding. Investigation for viral hepatitis and autoimmune
disease had negative results, and there was no previous history of significant alcohol
consumption. The patient worked as a farmer in a rural area located in the North of
Brazil, had no comorbidities, and suffered from frequent and severe symptoms of
hepatic encephalopathy in spite of optimal clinical treatment. He had a previous CT
scan of the brain, with no abnormal findings, and both an ultrasound and a CT scan of
the abdomen, which were unremarkable except for portal hypertension and liver
cirrhosis.
The patient was submitted to orthotopic liver transplantation with a graft obtained
from a cadaveric donor (53-year-old male), in whom brain death had been caused by a
hemorrhagic stroke that occurred 3 d before organ procurement. The donor worked as
a lumberjack in the rural area of the North region of Brazil and was reported as being
previously healthy, having normal biochemical tests, and no evidence of ongoing
infection at the moment of organ procurement. He had positive results for serological
tests for anti-HBs and anti-HBc but negative result for the serological test for HBsAg;
these findings suggested a resolved hepatitis B infection. The transplantation
procedure was uneventful, with a total ischemia time of 9 h and 9 min, no
intraoperative complications, and no need for blood product transfusions. The patient
was discharged from the intensive care unit 3 d after the procedure and from the
hospital 8 d after the transplant.
The patient had no significant comorbidities, other than the recent transplant. He
had no pulmonary, neurological or genitourinary symptoms. His immunosuppressive
drug regimen consisted of tacrolimus, mycophenolate and prednisone, with a blood
level of tacrolimus of 11.4 ng/mL.

Physical examination
Physical examination was unremarkable, with absence of skin lesions, vital signs
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within the normal range of values, and no signs of infection in the surgical wound.
Neurological examination was completely normal. The patient was admitted to the
hospital for investigation. As he remained hemodynamically stable, admission to the
intensive care unit was not deemed to be necessary.

Laboratory testing
Blood and urine cultures were obtained, producing growth of C. neoformans after 48 h
in two separate blood cultures. Biochemical tests showed normal leukocyte and
platelet counts, and levels of blood urea nitrogen and creatinine within the normal
range. Remarkable findings were anemia (hemoglobin concentration of 8.1 g/dL;
normal range: 13.5-17.5 g/dL), hyperbilirubinemia (total bilirubin of 5.3 mg/dL;
normal range: 0.1-1.2 mg/dL), hyponatremia (sodium concentration of 119 mmol/L;
normal range: 136-145 mmol/L), increased gamma-glutamyl transferase (referred to
as GGT) (1470 UI/L; normal range: 9-48 UI/L), alanine aminotransferase (referred to
as ALT) (45 UI/L; normal range: 7-56 UI/L) and aspartate aminotransferase (referred
to as AST) (132 UI/L; normal range: 10-40 UI/L). A lumbar puncture was obtained,
with the analysis of CSF showing values of glucose, protein and cytology all within
normal range. CSF culture was negative for fungal growth.

Imaging examination
An ultrasound of the liver with doppler evaluation of the hepatic vessels was
performed and gave normal results. An X-ray of the chest was also normal. An MRI of
the brain was obtained, showing multiple small lesions with low signal in T2,
peripheric enhancement and edematous halo, diffuse through the parenchyma but
more concentrated in the subcortical regions (Figure 1).

MULTIDISCIPLINARY EXPERT CONSULTATION
A liver biopsy was obtained and investigated by histological analysis carried out by
an expert in liver pathologies (Dr. ESM).

FINAL DIAGNOSIS
Histology of the liver biopsy showed a large number of fungal elements immersed in
gelatinous matrix, in both liver parenchyma and portal spaces, with some of them
surrounded by a loose histiocytic response (Figure 2). The patient was diagnosed with
disseminated cryptococcosis, affecting both the CNS and the liver graft.

TREATMENT
Treatment was initiated with liposomal amphotericin B (3 mg/kg) in combination
with fluconazole for 3 wk, followed by maintenance treatment with oral fluconazole
(450 mg daily). Mycophenolate was discontinued and tacrolimus dosage was adjusted
according to serum levels, which eventually stabilized around 8 ng/mL, with the
patient taking 1 mg of tacrolimus on alternate days. The patient remained afebrile and
asymptomatic after the amphotericin B treatment, showing marked decrease in total
bilirubin levels (1 mg/dL) and progressive decrease in GGT levels (1162 UI/L).

OUTCOME AND FOLLOW-UP
Early disseminated cryptococcosis was also reported in the recipients of both kidneys
obtained from the same donor of our liver transplant recipient; those transplants had
occurred in hospitals located in different parts of the country. We concluded that the
donor, while reportedly asymptomatic, had disseminated cryptococcosis that was
transmitted by the grafts to the recipients. Our patient remained asymptomatic and
with laboratory tests showing normal range of values for the 3.5 years of outpatient
follow-up. The fluconazole dosage was progressively reduced to the current dosage of
150 mg daily. Control MRIs of the brain were obtained at 6, 12, 18 and 36 mo, all
showing persistence of the brain lesions but with gradual reduction of the contrast
enhancing halo around them. Liver biopsies were obtained at 4 and 16 mo, initially
showing numerous granulomas containing oval fungal structures (Figure 3) and
finally the absence of fungal structures, respectively.
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Figure 1

Figure 1 Magnetic resonance imaging of the brain. Multiple diffuse small lesions (arrow) in brain cortex and subcortical regions, with edematous halo and
peripheral enhancement, suggestive of fungal infection (cryptococcomas).

DISCUSSION
Diagnosis and treatment of disseminated cryptococcosis in recipients of solid organ
transplantation remains a clinical challenge, given the unspecific nature of the initial
symptoms, the need for reduction in immunosuppression – which may cause
rejection, and the adverse reactions associated with antifungal treatment. In the case
we report, diagnosis of disseminated disease was obtained by growth of Cryptococcus
in blood cultures. The CSF cultures and direct microbiology tests were negative
despite the presence of multiple brain lesions, highlighting the poor correlation
between the presence of the fungus in the CSF and in the brain parenchyma.
Serological tests were unavailable at our institution at that time. The patient also
presented with severe hyponatremia, which may have been associated with CNS
cryptococcosis infection, and increases the morbidity of the disease. The patient also
had a marked increase in bilirubin and liver enzymes caused by fungal infiltration of
the liver, which was diagnosed by liver biopsy and quickly improved after antifungal
treatment was initiated. The fact that all recipients (both kidneys and liver) who
received organs from the same donor reported here developed early disseminated
cryptococcosis, makes transmission by the transplant the most likely means of
contagion in this case. This impression is reinforced by the presence of Cryptococcus
in the biopsies of all three transplanted organs. In the cases of suspected or confirmed
transmission of cryptococcosis through a liver transplant previously reported in the
literature, the most common outcome was the death of the organ recipient[17,31,44].
Chang et al [42] reported on a patient who developed hepatic and pulmonary
cryptococcosis one week after a liver transplant and was successfully treated with
amphotericin B. We have found no previous reports in the literature of long-term
follow-up of a liver transplant recipient with disseminated cryptococcosis, which
allowed us to document the complete clearance of fungal structures in the liver 16 mo
after treatment was started, and the long-term persistence of brain lesions in a
asymptomatic patient with no other signs of infection.

CONCLUSION
Cryptococcosis is a relatively common fungal infection in patients that undergo liver
transplantation, causing significant morbidity and mortality in this population. The
most severe form of disease is disseminated cryptococcosis, with infection reaching
multiple organs through the bloodstream. Treatment involves both a reduction of the
immunosuppressive drug regimen and prolonged antifungal treatment. While most
cases of cryptococcosis in solid organ recipients is caused by reactivation of their
latent disease due to immunosuppression, in rare cases, the infection may be acquired
through the liver graft, which may be suspected in cases of early infection after the
transplant. Maintenance of prolonged antifungal treatment, even in asymptomatic
patients, is important, since complete elimination of viable fungal elements in liver
tissue may take more than a year of treatment to be achieved.
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Figure 2

Figure 2 Liver biopsy at presentation. A large number of fungal elements (arrows) are immersed in gelatinous matrix, in both liver parenchyma and portal spaces,
with some of them surrounded by a loose histiocytic response (400 ×).
Figure 3

Figure 3 Follow-up liver biopsy at 4 mo. Numerous granulomas (arrow) containing oval fungal structures (400 ×).
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Abstract
Endoscopic ultrasound (EUS) is a minimally invasive diagnostic and therapeutic
modality with a number of established as well as evolving uses in patients with
chronic liver disease. Compared to other diagnostic tools such as cross-sectional
imaging or conventional endoscopy, EUS has been shown to increase diagnostic
sensitivity and therapeutic success for many clinical scenarios and applications
with a low rate of adverse events. In this review, we discuss and focus on the
current and growing role of EUS in the evaluation and/or treatment of
hepatobiliary masses, hepatic parenchymal disease, portal hypertension,
esophageal and other varices, and indeterminate biliary strictures.
Key words: Endoscopy; Cirrhosis; Liver mass; Liver biopsy; Variceal bleeding
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Endoscopic ultrasound (EUS) is a minimally invasive diagnostic and
therapeutic modality with numerous existing and emerging applications in patients with
chronic liver disease. In this review, we discuss the role of EUS in the evaluation of
hepatobiliary masses, hepatic parenchymal disease, portal hypertension, and
indeterminate biliary strictures. We also review how EUS can serve as an ancillary tool
to conventional endoscopic and other therapies, including the use of EUS for the
treatment of variceal bleeding.
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INTRODUCTION
Endoscopic ultrasound (EUS) has been established as a valuable diagnostic tool in
gastroenterology since its inception in the 1980s. EUS has proven valuable in patients
with liver disease when conventional endoscopy or cross-sectional imaging are
insufficient or inconclusive or when surgical interventions pose excessively high risk.
In more recent years, EUS has seen an expansion in its therapeutic applications, many
of which are germane to the management of chronic liver disease. In this review, we
discuss the indications for, performance, impact, and safety of EUS, both diagnostic as
well as therapeutic, in patients with chronic liver disease, with a focus on
hepatobiliary masses, hepatic parenchymal disease, portal hypertension, esophageal
and other varices, and indeterminate biliary strictures.

EUS IN THE EVALUATION OF LIVER MASSES
The differential diagnosis of a liver lesion is broad, with many benign as well as
malignant potential etiologies. While the majority of solitary lesions are benign (e.g.,
hepatic cysts, focal nodular hyperplasia, hepatic adenoma, hemangioma, regenerative
nodules), malignant etiologies [e.g., hepatocellular carcinoma (HCC),
cholangiocarcinoma (CCA), and other metastatic masses] have serious consequences
and rely on timely diagnosis [1] . Accurate characterization and diagnosis of liver
masses comprises an important topic and area of research in modern practice, as
clinical mimics may exist, and some masses may be particularly challenging to
definitively diagnose.

Evaluation of small lesions
Cross-sectional imaging with computed tomography (CT), magnetic resonance
imaging (MRI), and transabdominal ultrasound followed by transcutaneous imageguided biopsy is generally the accepted method of evaluation for liver masses[2].
However, cross-sectional imaging has proven to be less sensitive for smaller (< 10
mm) lesions[3,4]. For these smaller masses, EUS has been found to have improved
sensitivity, with the ability to position the probe closer to the liver surface. A
prospective study of 574 patients with gastrointestinal or pulmonary malignancy who
underwent EUS found that EUS discovered liver lesions in 14 patients with a mean
size of 1.8 cm (range 0.5 cm to 5.8 cm), while CT was only able to identify 3 of the
lesions[5]. Further studies have supported the observation that EUS can identify liver
lesions smaller than 5 mm in diameter, many of which may be missed by CT[6,7]. EUS
has also been shown to detect more metastatic lesions compared to CT and is capable
of characterizing lesions that are too small to characterize by CT[8] (Figure 1). Indeed,
in a retrospective study of 336 patients who underwent EUS for a malignant
diagnosis, EUS was able to detect smaller liver metastases compared to CT scan (mean
8.8 mm vs 15.3 mm, respectively)[9]. There are little data regarding the comparison of
EUS and MRI for the detection of small lesions; however, MRI is generally considered
more sensitive than CT, and in one study, appeared to have similar diagnostic
accuracy as EUS[10].

Performance of EUS in the evaluation of liver masses
The sensitivity of EUS has been examined and validated by multiple studies. DeWitt
et al[11] reviewed 77 malignant and benign liver lesions that underwent EUS-guided
fine needle aspiration (FNA) using a 22-gauge needle (mean 3.4 passes) and found the
sensitivity of EUS-FNA to be between 82% and 94%. In a prospective study of 41
patients with known or suspected malignancy and concomitant liver lesions, EUSFNA was successfully performed in 40 of 41 patient using a 22-gauge needle and a
mean of 1.4 passes (in one patient, the authors report it was not possible to aspirate
sufficient material)[12]. For malignant lesions, a combination of cytology and histology
yielded a sensitivity and specificity of 94% and 100%, respectively[12].
Recently, EUS criteria have been proposed to select liver lesions that may be
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Figure 1

Figure 1 Endoscopic ultrasound in the diagnosis of obstructive jaundice. An 80-year-old male with a history of non-alcoholic fatty liver disease presented with
new onset of painless jaundice, physical examination consistent with Courvoisier’s sign (palpable gallbladder), and laboratory test results suggestive of severe biliary
obstruction. A: Distended gallbladder (arrow) seen on computed tomography, sagittal view. B: Distended gallbladder seen on endoscopic ultrasound. C: Double duct
sign consisting of a dilated common bile duct (CBD) and dilated pancreatic duct. D: A poorly-marginated, hypoechoic pancreatic mass (asterisk) invading the distal
CBD. E: Fine-needle biopsy of the pancreatic mass (asterisk), which led to tissue diagnosis of adenocarcinoma and facilitated subsequent management. GB:
Gallbladder; PD: Pancreatic duct; CBD: Common bile duct.

malignant and need to be sampled. Derived from a retrospective review of a cohort of
100 patients, features suggestive of benign masses were hyperechogenicity and
distinct geographic shape (Figure 2) while those suspicious for malignancy included
masses with two components, presence of post-acoustic enhancement, distortion of
adjacent structures, hypoechogenicity, and size ≥ 10 mm [9] . These criteria were
subsequently validated in a separate cohort of 100 patients with pathology or imaging
as the gold standard and then used to generate a 16-point scoring system based on
tested criteria. Using a cut-off of 3 points, the combined sensitivity, specificity, and
positive predictive value (PPV) in predicting a malignant hepatic mass was found to
be 85%, 82%, and 88%, respectively[9].
In addition to being an effective diagnostic tool, especially for smaller liver lesions,
EUS-guided fine needle biopsy (FNB) also appears to be an effective “rescue” method
when percutaneous tissue acquisition has failed or been deemed unsafe. A study of 23
patients who needed a pathological diagnosis of a liver mass who failed percutaneous
biopsy or where percutaneous biopsy was contraindicated (due to coagulopathy,
ascites, inadequate sampling, or lack of visualization by cross-sectional imaging)
found that EUS-FNB with a 22-gauge core biopsy needle (except for one patient in
whom a 25-gauge needle was used) was a reliable alternative [13] . EUS-FNB was
technically successful in 21 of the 23 lesions (93%), adequate tissue for pathology was
obtained in 19 patients, and the overall diagnostic accuracy for malignancy and
specific tumor type were 90.5% and 85.7%, respectively, with a median of 2 passes
(range 1 to 5) during biopsy. None of the patients had adverse events related to the
procedure[13].
Though CCA may also present as a liver mass, the role of EUS in the management
of CCA is less clear. A 2014 systemic review and meta-analysis identified six studies
(196 patients) that investigated the role of EUS for the detection of CCA where biopsy
was available as the gold standard[14]. The overall pooled sensitivity in 196 patients
was 66%. In five of the six studies, EUS identified a mass in 25% to 100% of patients;
one study did not report data regarding the presence of a mass. The pooled sensitivity
of EUS for CCA in studies that detected a mass on EUS (146 patients) was 80%[14].

EUS-GUIDED LIVER BIOPSY FOR THE EVALUATION OF
LIVER PARENCHYMA
Despite advances in the biochemical and imaging-based evaluation of parenchymal
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Figure 2

Figure 2 Characteristics of benign and malignant liver masses. A: A distinctly demarcated hyperechoic lesion consistent with a benign hemangioma. B: A liver
lesion with both iso/hypoechoic parts peripherally (outlined in orange in inset) and central hyperechoic parts suggestive of malignancy. C: A hypoechoic mass
exhibiting post-acoustic enhancement (outlined in orange in inset) as frequently seen in malignancy. D: A hypoechoic, poorly demarcated mass distorting adjacent
strictures (orange arrows and brackets in inset) suggestive of malignancy.

liver disease, a liver biopsy is still frequently needed to determine the etiology and
grade the severity of liver pathology. Microscopic examination of hepatic tissue is
often a requisite step in the workup after other tests, including serology, imaging, and
endoscopy, have failed to provide a diagnosis. Traditionally, a percutaneous or
transjugular approach has been used to obtain a liver biopsy[15,16]. In addition to
sonographic and other hepatic imaging data that can be obtained via EUS, in recent
years, EUS-guided liver biopsy (Figure 3) has become an alternative to traditional
methods of liver biopsy as it allows for examination of the upper gastrointestinal
tract, pancreas, and the biliary tree with ultrasonic visualization of the liver, while
also allowing for acquisition of tissue during the same session. This modality thus
allows for a one step diagnosis in patients being referred for abnormal serum liver
tests who also have an indication for upper endoscopy.

Performance of EUS-guided parenchymal liver biopsy
In the earliest example of EUS-guided liver sampling, 2 patients underwent EUSguided biopsy of the liver using a Tru-Cut biopsy (TCB) needle (Cook Medical,
Bloomington, IN, United States) as part of the evaluation for abnormal liver tests[17].
Subsequently, a retrospective study found that TCB was able to provide adequate
tissue for histological diagnosis in 100% of patients[18]. However, the high success rate
was not able to be reproduced in a prospective case series where adequate tissue was
obtained in only 19% of patients[19]. This low success rate was thought partly to be due
to the small size and stiffness of Tru-Cut needles used.
In 2012, a prospective case series of 22 patients undergoing same-session EUS and
liver biopsy using a 19-gauge FNA needle [EchoTip® (Cook Medical, Bloomington, IN,
United States)] was able to obtain adequate tissue in 91% (20/22) of patients (with
mean portal tract count of 9 and aggregate specimen length of 36.9 mm),
demonstrating that EUS-guided liver biopsy could be successfully performed with a
regular 19-gauge FNA needle[20]. A large multicenter trial of 110 patients confirmed
efficacy and feasibility of using a 19-gauge needle [Expect™ or Expect™ Flexible
(Boston Scientific, Marlborough, MA, United States)][21]. Median length of specimens
was 38 mm (0 mm - 203 mm), and 105 patients had specimens with over six complete
portal triads (PTs) and length > 15 mm. Pathological diagnosis was possible in
108/110 (98%) of cases. One patient developed a subcapsular hematoma but did not
require further intervention to control bleeding. This study was limited by the fact
that only five patients were found to have cirrhosis which is important as specimen
fragmentation has been reported to occur at higher rates in patients with cirrhosis,
resulting in decreased specimen adequacy[22].
Over the years, additional studies have been performed to compare various biopsy
needles and refine the EUS-guided liver biopsy technique. A summary of these
studies is detailed in Table 1. Studies which have compared needle size have
generally found that a 19-gauge needle is superior to smaller 20- or 22-gauge needles
due to the significant drop in specimen adequacy rate with smaller needles[23-25]. In a
randomized study comparing a 19-gauge Expect™ Flexible needle (Boston Scientific)
versus a 22-gauge SharkCore™ [Medtronic, Minneapolis, MN] needle in 80 patients,
the 19-gauge needle produced more adequate specimens than the 22-gauge needle
(88% vs 27%, respectively), primarily attributed to greater tissue fragmentation with
the 22-gauge needle[23]. Use of a heparin-primed needle has also been reported to
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Figure 3

Figure 3 Endoscopic ultrasound-guided fine needle biopsy of a hypoechoic hepatic lesion first seen on noninvasive imaging; cytopathology was consistent with metastasis from pancreatic ductal adenocarcinoma
(inset).

improve tissue adequacy compared with dry needle techniques[26]. In a prospective
crossover study evaluating various suction techniques in 120 biopsy specimens from
40 participants, specimen adequacy rate was 98%, 93%, and 80% in the wet heparin
(needle flushed with heparin), dry heparin (needle flushed with heparin then flushed
with air), and dry needle (no heparin used) groups. The use of heparin has been
shown to be safe and not interfere with specimen processing[27], and the improved
yield is thought to be due to the reduction in blood clot formation within the biopsy
needle with the use of heparin[26].

Safety of EUS-guided liver biopsy
To date, there are no head-to-head comparisons of liver lesion biopsy performed
under the guidance of cross-sectional imaging versus EUS in a randomized control
study. However, a recent retrospective study of 30 patients who underwent EUSguided liver biopsy and 60 patients who underwent percutaneous liver biopsy found
that EUS-guided liver biopsy was associated with a significantly shorter hospital stay
(median time of hospital stay 3 h vs 4.2 h) and less pain (median pain score 0 vs 3.5)[28].
In this study, no patients had significant adverse events. The risk of adverse events
with EUS-FNA appears to be comparable to the adverse event rate of FNAs of other
types of lesions. In a systematic review of 51 studies (10941 patients), the overall rate
of adverse events in patients undergoing EUS-FNA of liver lesions was 2.3% (8/344),
compared to 3.6% and 2.8% for ascites and pancreatic cystic lesions, respectively[29]. A
more recent retrospective study reported a similar adverse event rate of 2.9%[9]. In
contrast, a retrospective study of 3357 percutaneous liver biopsies over 36 years
reported an adverse event rate of 4%[30]. Adverse events after EUS-FNA of liver lesions
include abdominal pain, nausea, fever, bleeding, duodenal perforation, and death as
summarized in Table 2.

EUS ELASTOGRAPHY
Elastography generally refers to an imaging modality that assesses for changes in the
elasticity of tissue, as can be seen with fibrotic, inflammatory, or malignant processes.
Reduced elastic rebound suggests stiffer tissue, which in the context of liver disease,
tends to be an indicator of fibrosis, cirrhosis, or other pathologic processes.
Elastography has been shown to have a high correlation with the degree of histologic
fibrosis and can also be helpful in the assessment of sequelae of advanced fibrosis and
cirrhosis such as the presence of varices, risk of variceal rupture, and prediction of
HCC development[31].
Traditionally, transabdominal ultrasound has been the platform for hepatic
elastography technique. However, transabdominal elastography is often limited by
ascites, body habitus, and narrow intercostal spaces[31]. EUS elastography (EUS-EG)
can overcome many of these aforementioned limitations. Although originally
developed to examine deeper abdominal tissues (e.g., pancreas), recent studies have
found that it can also be useful in the assessment of chronic liver disease, and in
particular, solid liver masses[32]. In a recent prospective study of 50 patients, Schulman
et al[33] found that EUS-EG was able to distinguish between normal, fatty, and cirrhotic
tissue with a strong predictive value (area under the receiver operating characteristic
curve, 0.865). In this study, the use of EUS-EG added a mean of 5 mins to the
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Table 1 Comparison of needle performance in endoscopic ultrasound-guided liver biopsies

Ref.

Design

Exclusion
criteria

Needle

Median
(range)
number of
complete
portal tracts

Median
(range)
aggregate
specimen
length, mm

Median
(range)
number of
passes

ComplicatiAdequacy (%) ons (number
of patients)

Human studies
Stavropoulos
et al[20], 2012

Prospective (n
= 22 patients)

Suspected/
known
malignancy;
Platelet < 50,
INR > 1.5; Use
of antiplatelets
within 7 days;
Inability to
provide
informed
consent;
Pregnancy

19-G EchoTip® 9 (1-73)
FNA (Cook
Medical)

36.9 (2-184.6)

2 (1-3)

91%

None

Diehl et al[21],
2015

Prospective,
nonrandomized (n
= 110 patients)

Malignant liver
disease; Platelet
< 50, INR > 1.5;
Use of
antiplatelets
within 5 days;
Inability to
provide
consent;
Pregnancy

19-G Expect™ 14 (0-68)
FNA (Boston
Scientific) or 19G Expect™
Flexible FNA
(Boston
Scientific)

38 (0-203)

1 or 2

98%

Pericapsular
hematoma (1)

Sey et al[82],
2015

Cross-sectional Liver lesion or
(n = 75 patients) presence of
varices Prior
upper GI or
liver surgery;
Use of
antiplatelets not
held prior to
procedure;
Platelet < 50,
INR > 1.5

19-G EchoTip® 5 (0-24)
ProCore FNB
(Cook Medical)
(n = 30)

20 (5-60)

2 (1-3)

97%

None

19-G Quick2 (0-15)
Core® FNB
(Cook Medical)
(n = 45)

9 (0-25)

3 (1-7)

73%

Abdominal
pain (2)

Shah et al[83],
2017

Retrospective
Not stated
(n = 24 patients)

19-G
SharkCore™
FNB
(Medtronic)

31.5 (5-85)

65.6 (17-167.4)

2

87.5%

Abdominal
Pain (2);
Subcapsular
bleeding (1)

Mok et al[23],
2018

Randomized
cross-over (n =
80 patients)

19-G Expect™
Flexible FNA
(Boston
Scientific)

7.413

76.513

1

88%

None

22-G
SharkCore™
FNB
(Medtronic)

6.1913

66.91,3

1

68%

Abdominal
Pain (1)

Platelets < 50,
INR > 1.5;
Diagnosis of
cirrhosis ;
Under 18 years
age; Inability to
provide
informed
consent;
Pregnancy

Cadaveric studies
Lee et al[84],
2017

WJH

Nonrandomiz- N/A
ed (n = 2 livers)

https://www.wjgnet.com

19-G EchoTip® 3.331
ProCore FNB
(Cook Medical)

4732

19-G EZ Shot 2 4.001
FNA (Olympus
Corporation)

2982

19-G Expect™
Slimline FNA
(Boston
Scientific)

4.421

4262

19-G
SharkCore™
FNB
(Medtronic)

8.831

5072
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18-G TruCore™ 7.001
(Argon Medical
Devices)
Schulman et
al[25], 2017

Randomized (n N/A
= 2 livers)

1552

19-G
SharkCore™
FNB
(Medtronic)

6.21

85.4%

22-G
SharkCore™
FNB
(Medtronic)

3.81

85.4%

19-G EchoTip® 1.71
ProCore FNB
(Cook Medical)

About 19%

1.91

About 46%

19-G Expect™
FNA (Boston
Scientific)

18-G Quick2.51
Core® FNB
(Cook Medical)

83.3%

3.51

81.3%

18-G Coaxial
Temno®
(CareFusion)

N/A

Bovine studies
Eskandari et
al[24], 2019

Nonrandomiz- N/A
ed (n = 1 bovine
liver)

19-G Acquire™ 11.81
FNB (Boston
Scientific)

71.301

5

22-G Acquire™ 6.41
FNB (Boston
Scientific)

44.941

5

19-G
SharkCore™
FNB
(Medtronic)

10.41

51.501

5

22-G
SharkCore™
FNB
(Medtronic)

1.41

20.891

5

19-G EZ Shot 3
Plus FNA
(Olympus
Corporation)

10.21

71.771

5

79.791

5

20-G EchoTip® 7.21
ProCore FNB
(Cook Medical)

N/A

1

Mean.
Total specimen length.
3
Results not statistically significant. INR: International normalized ratio; G: Gauge; FNA: Fine needle aspiration; FNB: Fine needle biopsy; N/A: Not
applicable.
2

procedure, and none of the patients had any periprocedural adverse events; however,
this study was limited by the fact that not all patients had corresponding biopsy data.
With the ability to evaluate for hepatobiliary masses, parenchymal liver
abnormalities, and complications of portal hypertension (e.g., varices), EUS-EG may
improve efficiency and reduce the number of procedures when more than one organ
requires evaluation. As data on this relatively new modality are limited, additional
studies are needed prior to its use in clinical practice.

EUS-GUIDED TREATMENT OF HEPATIC LESIONS
In addition to be a diagnostic modality, EUS has been found to be an effective tool in
the treatment of hepatic lesions. The use of EUS may facilitate more targeted
interventions (in part as a result of closer proximity between the EUS probe and the
lesion of interest) as well as shorter recovery time compared with percutaneous
approaches (by eliminating the need to puncture the skin)[34].

Treatment of cystic liver lesions
WJH

https://www.wjgnet.com

268

June 27, 2020

Volume 12

Issue 6

Fung BM et al. EUS in chronic liver disease

Table 2 Most frequent adverse events associated with endoscopic ultrasound-guided liver
biopsy
Adverse event

Event frequency/number of patients in the study

Abdominal pain or nausea

7/499[9,85]

Fever

2/167[85]

Bleeding

1/167[85]

Duodenal perforation

2/332[9]

Death

1/167[85]

Simple hepatic cysts are benign lesions that are commonly found incidentally on
routine imaging, with most patients asymptomatic and without need for further
intervention [35] . However, larger cystic lesions can cause abdominal pain and
distension, among other symptoms or complications, resulting in the need for further
management. Surgical therapy has traditionally been regarded as the treatment of
choice for symptomatic hepatic cystic lesions, though this intervention carries
considerable morbidity[36,37]. Percutaneous aspiration can be considered in certain
cases but is frequently associated with cyst recurrence[38]. Ethanol lavage therapy
(either via percutaneous approach or EUS-guided) has recently been found to be an
effective and safe alternative to conventional surgical and percutaneous aspiration
therapies[39,40]. While percutaneous ethanol lavage is generally more feasible for rightlobe hepatic cysts, the EUS-guided approach appears to be particularly useful for leftlobe cysts. Furthermore, the EUS-guided approach appears to have better outcomes
compared to the percutaneous approach. In a study of 17 patients with hepatic cysts
undergoing percutaneous or EUS-guided aspiration and ethanol lavage, patients who
underwent EUS-guided sclerotherapy had a higher median reduction in cyst volume
(100% vs 97.5%, P = 0.011), a higher number of completely resolved cysts within 1 year
(5 out of 8 patients vs 0 out of 10 patients, P = 0.005), and a shorter hospital stay (4.5 d
vs 6.5 d, P = 0.048) compared with patients who underwent a percutaneous
approach[39]. EUS-guided drainage (as with percutaneous drainage) also appears to be
an effective treatment for infected (known or suspected) hepatic cysts[41].
EUS-guided drainage of non-hepatic collections (e.g., pancreatic pseudocysts and
walled-off necrosis [42] ) are technically essentially the same for patients with and
without chronic liver disease and thus is not discussed in the present review.

Treatment of solid liver lesions
Solid hepatic masses include abscesses and malignancies. Similar to the treatment of
cystic lesions, solid masses have traditionally been treated with surgical or
percutaneous drainage; however, morbidity and mortality is relatively high with
these approaches[43]. In recent years, EUS-guided drainage of liver abscesses has been
found to be both safe and feasible, with a lower rate of adverse events and a shorter
hospital stay compared with percutaneous drainage[34]. For hepatic metastases, EUSguided ablation using ethanol appears to be a viable alternative treatment option to
traditional therapies and has been found to result in clinical success in a number of
cases [44-46] . Other experimental treatments utilizing EUS, including EUS-guided
neodymium:yttrium-alumnium-garnet laser ablation and EUS-guided fiducial
placement for stereotactic body radiation therapy have also been reported as safe and
accurate minimally invasive methods of treating hepatic malignancies[47,48]. However,
well-designed prospective studies are needed prior to the use of these novel therapies
in clinical practice.

EUS IN PRIMARY SCLEROSING CHOLANGITIS
With advances in MRI technology, magnetic resonance cholangiopancreatography
(MRCP) has generally replaced endoscopic retrograde cholangiopancreatography
(ERCP) as the initial diagnostic as well as surveillance modality for primary sclerosing
cholangitis (PSC)[49,50]. However, the sensitivity of MRCP is not without limitation,
with one systematic review suggesting a sensitivity of MRCP of only 86%[51]. This has
led to efforts to develop a less invasive but more accurate endoscopic modality to
diagnose PSC[52]. In a prospective controlled study, patients with PSC had a larger
mean ductal wall thickness compared with patients with uncomplicated
inflammatory bowel disease (IBD) or cholelithiasis[53]. In another study, four EUS
criteria (wall thickening ≥ 1.5 mm, irregular wall structure, significant changes of the
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caliber of the common bile duct, and perihilar lymphadenopathy) were found to assist
with the diagnosis of PSC in 33 patients with cholestatic liver enzyme elevation and
either concurrent IBD or positive perinuclear antineutrophil cytoplasmic antibodies[54].
The authors found a sensitivity and specificity of 76.4% and 100%, respectively for the
diagnosis of PSC if two out of the four aforementioned EUS criteria were present.
With regard to complications of PSC, indeterminate strictures pose a hallmark
lesion and a frequently challenging entity from a clinical perspective. A recent
systemic review and meta-analysis of eight studies including 294 patients found EUS
to have superior sensitivity compared with ERCP with brushing and forceps biopsy in
the diagnosis of indeterminate biliary strictures (75% vs 49%, respectively)[55]. EUS
sensitivity is dependent on the location of the stricture (higher sensitivity for more
distal strictures) and the underlying etiology (higher sensitivity for pancreatic cancer
compared to CCA, for example)[56,57]. Thus, it has been proposed that stricture-location
should be considered when deciding which diagnostic modality to use; when EUS is
used for distal biliary strictures, irrespective of underlying PSC, its accuracy for
malignancy detection has been reported to be as high as 96%[58].
However, despite these studies, EUS is still infrequently used as a diagnostic tool in
PSC. There is also uncertainty on whether EUS is practical from a cost perspective. A
cost-effective analysis found that an EUS instead of ERCP for indeterminate biliary
strictures results in 0.13 additional QALYs (quality adjusted life years), but with an
added cost of $2773.69[59]. However, after taking into consideration the increased
sensitivity of EUS vs ERCP (74% and 42%, respectively), the study authors found EUS
to be more cost-effective. Nevertheless, there has not been wide uptake of routine EUS
in PSC.

ASSESSING PORTAL HYPERTENSION, VARICES, AND
BLEEDING RISK WITH EUS
Portal hypertension is the defining hemodynamic change in cirrhosis that is
associated with the major complications of variceal bleeding, ascites, and
encephalopathy[60]. EUS can be used to diagnose splanchnic varices, predict the risk of
bleeding, risk of recurrent bleeding, and guide therapeutic interventions (Figure 4)[61].
In early reports, EUS was found to be inferior to conventional esophagogastroduodenoscopy (EGD) in detecting esophageal varices. Caletti et al [62]
compared EUS and conventional EGD findings in 40 patients with portal
hypertension and 48 controls. The authors found a size-dependent sensitivity for EUS
in detecting esophageal varices (14% for grade 1 varices vs 50% for grade 3 varices).
Similarly, Burtin et al[63] reported a sensitivity of 25% for grade 1 varices and 89% for
grade 3 esophageal varices. However, more recent studies have shown EUS to be
comparable to conventional EGD in detecting esophageal varices. In a study of 66
cirrhotic patients, EUS was able to detect esophageal varices in 48 (72%) patients
compared to 49 (79%) detected by EGD [64] . About half the patients in this study
(31/66) had a previous episode of variceal bleeding which was treated by either band
ligation or sclerosant injection. In a different study of 52 patients without a history of
variceal bleeding, EUS was found to have a sensitivity of 96.4% when EGD was used
as the gold standard[65]. The improved diagnosis of esophageal varices with EUS over
the years has been attributed to the use of a smaller echo-endoscope tip in newer
echoendoscope models (which exerts less pressure on the varices) as well as a higher
video resolution found in newer echo-endoscopes (and their respective processors).

Predicting risk of esophageal variceal recurrence
EUS has also been found to be helpful in predicting the risk of esophageal variceal
recurrence after band ligation or sclerotherapy. In one study, 38 patients who
underwent sclerotherapy for esophageal varices were followed with EUS every 3-4
mo for at least two years[66]. The authors found that the risk of endoscopic variceal
recurrence could be predicted by severe peri-esophageal collateral veins and large
perforating veins of the esophagus, which in their study was seen on EUS as early as
3-4 mo prior to endoscopic variceal recurrence[66]. In a study of 30 patients receiving
endoscopic variceal ligation, a gastric cardiac perforating vein diameter greater than 3
mm was associated with a higher likelihood of recurrence of esophageal varices
(90.9% vs 21.0%, P < 0.01)[67]. In another study looking at EUS features before and after
band ligation for a first esophageal variceal bleeding episode, presence of paraesophageal veins larger than 4 mm after band ligation was shown to predict variceal
recurrence in 1 year with a sensitivity and specificity of 70.6% and 84.6%,
respectively[68]. In a prospective study of 45 patients who underwent band ligation for
F2/F3 varices, the presence of severe peri-esophageal varices (defined as para-
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Figure 4

Figure 4 Endoscopic ultrasound-guided management of gastric varices. A: Gastric varices seen on endoscopy. B: Gastric varices appear anechoic on
endoscopic ultrasound (EUS) grey-scale and are highlighted red by Doppler study (inset). C: Injection of embolization coils (orange arrows) into the varices results in
near complete resolution of blood flow (blue arrow). D: Fluoroscopic visualization of EUS-guided coil embolization.

esophageal veins > 5 mm or peri-esophageal veins > 2 mm) and the presence of more
than 5 esophageal collateral veins at baseline EUS were associated with a higher risk
of variceal relapse in 1 year in a multivariate logistic regression analysis [odds ratio
(OR) = 24.39; 95% confidence interval (CI): 2.34-253.78 and OR = 24.39; 95%CI: 2.34253.78, respectively]. Of note, the reported confidence interval in this study was quite
wide, likely due to the small sample size. High flow velocity in the left gastric vein
and anterior branch dominant left gastric vein pattern also appear to be associated
with a higher likelihood of esophageal recurrence in 1 year[69].

Predicting risk of esophageal variceal bleeding
In addition to predicting risk of variceal recurrence, EUS may also predict the risk of
recurrent variceal bleeding. A retrospective study of 306 patients who underwent
endoscopic sclerotherapy for moderate to large or high-risk esophageal varices found
that patients that had recurrent bleeding within one year had higher rates of
detectable perforating veins and inflowing type of perforating veins prior to therapy,
as well as higher rates of detection of cardiac intramural veins, perforating veins, and
the inflowing type of perforating veins 3-5 mo post-endoscopic sclerotherapy[70].
Another study found that the size of the diameter of para-esophageal veins (defined
as veins external to the esophagus connecting to submucosal varices through
perforating veins) was correlated with a higher rate of recurrent variceal bleeding[71].

EUS-GUIDED TREATMENT OF VARICES
Considering the ability of EUS to identify para-esophageal and perforating veins
which can contribute to esophageal variceal recurrence, it has been hypothesized that
EUS-guided treatment of esophageal varices may reduce esophageal varices
recurrence. However, a randomized clinical trial comparing traditional sclerotherapy
and EUS-guided sclerotherapy of the feeding veins to esophageal varices did not
show a lower recurrence rate for the EUS group[72]. Additionally, no studies have
compared EUS-guided therapy with band ligation for esophageal varices yet.
Unlike the case with esophageal varices, EUS appears to be significantly better than
EGD in the detection and treatment of gastric varices, often thought to be more
difficult to treat due to the inherent challenges with visualization of gastric varices.
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Caletti et al[62] demonstrated EUS was able to identify gastric varices (described as
anechoic, circular structures beneath the submucosa) in 22 of 40 patients with portal
hypertension while conventional EGD was only able to identify gastric varices in 10 of
40 patients. Several other studies have confirmed the superiority of EUS in the
detection of gastric varices compared to conventional EGD with detection rates
varying from 35% to 100%[67,73,74].
Cyanoacrylate (CYA) glue injection has been used for the treatment of bleeding
gastric varices due to its effectiveness and low risk of rebleeding [75,76] . For this
intervention, EUS has been used both as a confirmatory adjunct and as a real-time
guide for the treatment of gastric varices[77]. The presence of echogenic gastric varices
and the absence of blood flow on doppler EUS can confirm the successful treatment of
gastric varices after CYA injection, while the presence of blood flow in treated varices
on follow up doppler EUS can suggest an increased risk of rebleeding[78].
EUS can also be used to facilitate obliteration of gastric and ectopic varices using
metallic coils [79] . In a retrospective study, EUS-guided CYA injection and coil
embolization were found to have similar rates of obliteration for primary and
secondary prophylaxis of isolated gastric varices (IGV 1 and 2) with no patients
having recurrent bleeding[80]. The number of treatment sessions needed was fewer in
patients receiving coil embolization (82% of patients had complete obliteration of a
perforating vein after one session of coil embolization vs 53% after one session of
CYA). Furthermore, of the 12 adverse events that occurred in this study, 11 occurred
in the CYA group, with nine patients developing an asymptomatic pulmonary
embolism, one with chest pain, and another had a fever. In the coil group, one patient
developed bleeding from esophageal varices.
To reduce the risk of glue embolization, a combination of coil and glue obliteration
of gastric varices has been proposed. In a study of 30 patients with active or recent
gastric fundic varices (GOV-2 and IGV-1) who underwent EUS-guided coil
embolization followed by 2-octyl-CYA glue injection, immediate hemostasis was
achieved in all patients with an average of 1.4 mL of glue needed per patient with no
procedure-related complications[81].

CONCLUSION
EUS appears to be a relatively safe and effective diagnostic and therapeutic modality
for many applications in patients with chronic liver disease. Compared with crosssectional imaging, it has improved sensitivity for the identification of small liver
lesions. It also allows for visualization and biopsy of the liver or lesions therein during
the same session, potentially leading to earlier diagnoses. Despite previously reported
difficulty with obtaining adequate tissue with earlier liver biopsy needles, newer
generation needles appear to have largely overcome these earlier challenges. EUS also
appears to be helpful in the evaluation of esophageal varices and the risk of future
bleeding, as well as the treatment of gastric varices via glue injection or coil
embolization. Lastly, EUS appears to be helpful in the diagnosis of indeterminate
biliary strictures, though its application in this regard has remained relatively low.
Given the strengths and advantages of EUS, it is expected that its clinical use and
applications will grow.
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Abstract
BACKGROUND
Delta hepatitis is a rare infection with an aggressive disease course. For almost
three decades, however, there have been no epidemiological studies in our
traditionally endemic area.
AIM
To investigate the prevalence of delta hepatitis in a sample of patients with
chronic hepatitis B virus (HBV) infection followed at a Hepatology Unit in
Valencia, Spain.
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METHODS
Retrospective evaluation of anti-hepatitis D virus-immunoglobulin G
seroprevalence among patients with chronic HBV infection (n = 605) followed at
a reference Hepatology Unit in Spain.
RESULTS
The prevalence of anti-hepatitis D virus-immunoglobulin G among HBV-infected
patients was 11.5%: Male (63%) and median age of 52 years. The majority were
born in Spain (67%) and primarily infected through intravenous drug use.
However, a significant percent (24.5%), particularly those diagnosed in more
recent years, were migrants presumably nosocomially infected. Comorbidities
such as diabetes (8.5%), obesity/overweight (55%), and alcohol consumption
(34%) were frequent. A high proportion of patients developed liver complications
such as cirrhosis (77%), liver decompensation (81%), hepatocellular carcinoma
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(HCC) (16.5%), or required liver transplantation (LT) (59.5%). Diabetes was
associated with progression to cirrhosis, LT, and death. Male sex, increasing age,
and alcohol were associated with LT and HCC. Compared to HBV mono-infected
patients, delta individuals developed cirrhosis and liver decompensation more
frequently, with no differences in HCC rates.
CONCLUSION
Patients infected in the 1980’s were mostly locals infected through intravenous
drug use, whereas those diagnosed recently are frequently non-Spanish natives
from endemic areas. Regardless of their origin, patients are predominantly male
with significant comorbidities, which potentially play a major role in disease
progression. We confirm a high rate of subsequent liver complications.
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intravenous drug abuse, have progressed to cirrhosis and/or hepatocellular carcinoma
and therefore still represent a significant burden on our Hepatology Unit. However, our
main concern is with newly diagnosed patients, as there is a clear delay in the diagnosis
of infection and cirrhosis. In addition, follow-up in their home countries has been poor.
Most of them come from Eastern Europe and prior medical intervention was the main
route of infection. We must also take into account the presence of comorbidities, e.g.,
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progression of the disease. Therefore, we must devote our efforts to controlling these
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INTRODUCTION
Delta hepatitis is a rare infectious disease caused by hepatitis D virus (HDV), an RNA
defective virus that requires the presence of hepatitis B surface antigen (HBsAg) to
infect cells. Roughly 15 million people are infected worldwide. However, there are
areas where the prevalence is higher, such as the Mediterranean basin[1].
The importance of early detection of hepatitis B virus (HBV)-HDV coinfection is
due to the aggressive course of the disease demonstrated in these patients compared
to those only infected by HBV. At present, the only treatment available and
recommended by Scientific Societies is alfa pegylated interferon[2]. However, its use is
restricted to highly selected patients (avoided in cirrhosis, active autoimmune disease
and certain psychiatry disorders) and the response rate is low. Consequently, the only
possible and effective way to control the spread of the infection currently is HBV
vaccination.
In 1988, Buti et al[3] reported a delta seroprevalence among HBV carriers of 15% in
Spain; highlighting that intravenous drug users (IDUs) were the major risk group.
Most recent studies from northern Spain, a non-traditional immigration area, have
reported decreasing rates of infection over a 29-year period. A similar pattern has
been documented in other European countries. The prevalence stabilized in the 1990s
but was followed by a subsequent increase from 4.7% in 2003-2007 (lowest
prevalence) to 7.4% in 2008-2012[4].
There are no recent epidemiological data for our area, particularly information
regarding the current profile of HDV infected patients. This information is especially
needed given that the region is an immigration receiving area and the absence of
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epidemiological information for almost three decades.
Based on this background, we aimed to update the epidemiological data on HDV
infection in our geographical area. We specifically aimed to assess whether there had
been changes in the profile of infected individuals, confirm the greater aggressive
nature of HDV-HBV coinfection compared to HBV mono-infection, and describe risk
factors for progression of disease.

MATERIALS AND METHODS
A retrospective single center study review of a database of HBV-infected patients
followed in the Hepatology Unit of the Hospital Universitari I Politècnic “La Fe”
(HUP La Fe). Inclusion criteria were: Diagnosis of delta hepatitis (confirmed by the
presence of anti-HDV-immunoglobulin G [IgG]). No exclusion criteria were set.
The following data were extracted from the chart review: (1) Demographics
including age, sex, country of birth, race, year of diagnosis, and first visit to the Unit,
and probable mechanism of acquisition of HBV-HDV infection; (2) Presence of
comorbidities such as diabetes mellitus, obesity, and alcohol intake, history of
infection with hepatitis C virus (HCV) or human immunodeficiency virus (HIV); and
(3) Hepatitis B e (HBe) antigen as well as alanine aminotransferase at diagnosis or first
visit. In addition, the presence and time of occurrence of cirrhosis, liver failure, and
hepatocellular carcinoma (HCC). The date a patient may have received a transplant or
died was also recorded. The follow-up ended at the time of liver transplantation (LT),
death or in the absence of these events, at the last visit.
The second part of the research was focused on the differences in disease evolution
between HBV-HDV co-infected patients vs the HBV mono-infected patients. For this
purpose, we designed a case-control study (1:1 match): HBV-infected patients to HBVHDV-infected patients controlling for the year of diagnosis and sex. The following
data were extracted: Presence of HCV or HIV coinfection, cirrhosis, liver
decompensation, and liver cancer as well as laboratory tests gathered from the first
visit onward including serum creatinine (mg/dL), estimated glomerular filtration rate
(mL/min/1.73 m 2 ), total bilirubin (mg/dL), albumin (g/dL), platelets (mm 3 ),
international normalized ratio, Child-Turcotte-Pugh, and Model for End-Stage Liver
Disease staging.

Diagnostic criteria
HDV infection was defined as the presence of anti-HDV-IgG in patient serum.
Chronic HBV infection was confirmed with the presence of HBsAg antigen in serum
over a 6 mo period. Coinfection by HCV or HIV was confirmed with the presence of
anti-HCV-IgG and anti-HIV-IgG, respectively. The diagnosis of cirrhosis was based
on histologic, elastographic (liver stiffness greater than 12.5 kPas), and/or a composite
of laboratory/imaging criteria[5].

Statistical analysis
Continuous variables are expressed as the median and interquartile range, while
categorical variables are depicted by the number and corresponding percentage. The
comparison of qualitative variables was performed with χ2 or Fisher’s test. For the
analysis of continuous variables with a normal distribution, the Student’s t-test was
used while the Mann-Whitney test was used for variables not following a normal
distribution. The statistical significance was set at 0.05. To clarify the role of HDV
coinfection in the development of the outcomes during the course of the disease
previously mentioned, Kaplan-Meier survival analyses were done and the cumulative
risk of developing these events was analyzed with Cox regression. All statistical tests
performed for the analysis/comparison of variables excluded missing data.
Particularly, patients missing one of the dates needed for the computation of a certain
survival time outcome (depending on the risk being evaluated) were excluded for the
estimation of the corresponding Kaplan-Meier curve.
The statistical analysis was performed using an SPSS program version 24.0 (IBM
corporation). The R packages survival[6] and survminer[7] were used to produce the
survival curves.

Confidentiality and data treatment
The study protocol coded MBH-INT-2018-01 was examined and approved by the
Ethics Committee of HUP “La Fe”.
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RESULTS
Description of the patient population
A total of 605 HBV-infected patients were included. Delta serology had not been
tested in three cases. Seventy (n = 70) patients were anti-HDV-IgG positive (11.57%).
The general characteristics of the sample are shown in Table 1. Patients were
predominantly male (62.9%) and born in Spain (67.1%) with a median age of 52 years
(interquartile range 12) at study entry. A non-negligible proportion (24.3%) were
migrants from Eastern European countries. Regarding the route of infection, virtually
half of the patients (45.7%) did not remember the possible source of the infection. Of
the remaining patients 20% had a probable iatrogenic source of infection and (14.9%)
had history of IDU.

Comorbidities
Although no patient was initially diabetic, diabetes developed over the course of the
disease in a small proportion of individuals (8.6%). Furthermore, 55.5% were either
obese or overweight with a median body mass index of 25.5 kg/m 2 . Alcohol
consumption was reported by roughly one-third of the sample (34.1%). Regarding
coinfection with other viruses, 10.6% (n = 7) and 11.4% (n = 8) were HIV and HCV
coinfected, respectively. In most cases, coinfections occurred in Spanish patients with
a history of IDU, infected during the peak incidence in the 1980s. Only 11.6% were
HBe-antigen positive at diagnosis or first visit to the Unit. The majority (58.6%) of
patients had alanine aminotransferase levels 1.5 times the upper limit of normality at
diagnosis or first visit to the unit.

Treatment characteristics
One-third of the population (31.4%) had received pegylated interferon alfa therapy at
some point in the disease course, with none responding. None of the patients was on
interferon treatment at the time of the study. Early treatment discontinuation due to
adverse events occurred in 20% of those treated. In contrast to delta therapy, antivirals
against HBV were frequently used, with 54.3% of patients having received oral
antivirals at some point during their disease course. Tenofovir was the most frequent
antiviral used (36.8%) followed by Lamivudine (28.9%). Fifteen patients had never
been treated with either pegylated interferon or oral antivirals.

Evolution events
Either at first visit or during follow-up, a large proportion (77.1%) of patients
progressed to cirrhosis. Of these, the majority (80.9%) developed some type of
decompensation, particularly ascites (71.1%) or upper gastrointestinal bleeding due to
varices (26.3%). HCC developed in 16.9% of patients and liver transplantation was
performed in 59.3%. Four patients died in the course of the follow-up, with two of the
deaths related to their liver disease. Median age at time death was 50.5 years
(interquartile range, 23).

Disease course
A survival analysis was performed to determine the cumulative risk of developing the
different events during follow up (Figure 1 and Figure 2). We differentiated the
cumulative risk of developing cirrhosis and liver cancer according to whether they
were diagnosed before or from 2000 (Figure 3 and Figure 4). Progression to cirrhosis
at 5, 10, 15, and 20 years from diagnosis occurred in 24%, 37%, 54%, and 73% of the
patients, respectively. Liver cancer was observed at 5, 10, 15, and 20 years from
diagnosis for the 5%, 5%, 8%, and 11%, respectively. In turn, the probability of
developing decompensated cirrhosis from diagnosis reached 65%, 76%, 76%, and 88%
at 5, 10, 15, and 20 years, respectively. Finally, LT-free mortality at 5, 10, 15, and 20
years from diagnosis was 3%, 3%, 7%, and 12%, respectively.
Factors associated with the development of the different events are shown in Table
2. Diabetes was significantly associated with progression to cirrhosis, LT, and death.
Furthermore, men were more frequently transplanted, with LT significantly
increasing with patient age. Age was also significantly related to the onset of liver
cancer. Alcohol consumption was also found to be associated with the need of LT as
well as with liver cancer, but without reaching statistical significance in the latter.
Finally, a history of interferon therapy was associated with a higher probability of LT.

Changes over time
We compared those patients diagnosed before the year 2000 to those diagnosed after
2000 to the present to assess the impact of changes in the Spanish population due to
migration (based on data provided by the Immigration National Survey)[8]. Significant
differences were noticed regarding the time from diagnosis of infection to cirrhosis
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Table 1 General characteristics (n = 70)
Demographic parameters

n (%)

Missing data, %

Sex, men

44 (62.9)

0

Country of birth by region

0

Spain

47 (67.1)

Eastern Europe

17 (24.3)

Other

6 (8.6)

Probable route of infection

0

Unknown

32 (45.7)

Iatrogenesis

14 (20.9)

Intravenous drug use

10 (14.9)

Household contact

6 (8.6)

Sexual intercourse

4 (5.7)

Blood transfusion

2 (2.9)

Other
Diabetes mellitus

2 (2.9)
Non-diabetic

Alcohol consumption

64 (91.4)

0

24 (34.3)

1.42

Weight

8.7

Underweight

2 (2.9)

Normal weight

26 (37.1)

Overweight

23 (32.9)

Obese

12 (17.2)

Serologic parameters
HBe antigen

HBeAg+

8 (11.4)

1.4

HIV

Anti-HIV-IgG +

7 (10)

5.7

HCV

Anti-HCV-IgG +

8 (11.4)

0

Progression to cirrhosis

54 (77.1)

1.4

Liver decompensation

39 (72.2)

7.4

Events

Most frequent type of liver decompensation
Ascites

27 (71.1)

Upper gastrointestinal bleeding

10 (26.3)

Liver encephalopathy

1 (2.6)

Hepatorenal syndrome

0 (0)

Liver cancer

9 (12.9)

0

Liver transplant

32 (45.7)

0

Death

4 (5.7)

0

HBe: Hepatitis B e; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

among patients diagnosed before and after the year 2000 (Table 3). The median time
interval from diagnosis to cirrhosis was 2 years [95% confidence interval (CI): 0.0-4.1]
for those patients seen after the year 2000, while the interval was significantly longer
18.0 years (95%CI: 14.0-22.0); (P < 0.0001) for those patients seen before the year 2000.

Comparison between HBV mono-infected and HBV-HDV coinfected patients
In an attempt to distinguish the effect of delta virus from that of HBV, HDV-HBV
patients were paired with HBV-patients of the same sex and diagnosis year.
Eventually, 62 HBV patients were included. Mono-infected HBV-patients were also
predominantly men with a similar median age of 55.05 years (range: 30-83).
Demographic, serological, and evolutive parameters of paired patients are
summarized in Table 4. Cirrhosis and liver decompensation developed in a larger
proportion of delta patients (P < 0.000). In fact, only 14 of HBV-mono-infected patients
progressed to cirrhosis compared to 43 of those coinfected. No differences in HCC
development were found between groups.
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Figure 1

Figure 1 Cumulative risk of developing cirrhosis since diagnosis of infection.

DISCUSSION
The purpose of this study was to describe the prevalence and profile of the delta
hepatitis-infected population in our Hepatology Unit over the last 30 years, and the
differences due to migration. We also determined current risk factors associated with
an unfavorable course and elucidated compliance with clinical practice guidelines.
The major findings can be summarized as follows. (1) Delta-infected patients were
middle-aged males in whom HIV or HCV coinfection existed. Alcohol consumption
and overweight-obesity were frequently present. (2) A substantial proportion (40%)
was non-Spanish born, particularly those diagnosed more recently. (3) The profile of
HDV-infected patients has substantially changed over the years, with a higher
prevalence of Spanish-born, more frequently infected through IDU, and consequently
more frequently coinfected with either HIV or HCV among those diagnosed before
the year 2000. By contrast, in those diagnosed more recently there was a significantly
higher proportion of coinfected immigrants, presumably due to nosocomial infection.
(4) A significant proportion of patients progressed to cirrhosis and/or HCC,
highlighting the aggressive nature of this co-infection. and (5) A relatively high
number of patients (31.4%) had never received therapy with pegylated interferon.
Delta hepatitis is a concern in HBV-infected patients in our region. Indeed, the
prevalence of HDV infection in our referral area is 11.57%, a rate higher than that
previously reported both in our region as well as in surrounding countries. These
findings might be due to our institution being a transplantation referral center and the
recent migratory pattern. Recent studies in Spain have reported lower prevalence
rates. According to Aguilera et al[9], the delta prevalence in a tertiary hospital in
Santiago de Compostela in 2018 was 4% among HBsAg+ patients followed since 2000.
As in our study, patients diagnosed before 2000 were preferentially Spanish-born
males, with a history of prior IDU. In fact, data from several studies have clearly
shown that during the 1980 and 1990s, HDV-infected patients were mostly IDUs, with
seroprevalence rates in IDUs ranging from 60% (de Miguel et al[10]) to 68% (Castro
Iglesias et al[11]). In our region, a prevalence of 50% among IDUs was reported in the
1980s with no infections found among asymptomatic HBsAg+ carriers without a
history of drug addiction[12]. In the most recent study from 2017, the prevalence was
8.2% among 1215 patients with chronic HBV infection followed since 1983 in
Northern Spain[4]. This study also highlighted a decreasing prevalence among Spanish
patients with the migrant population having become the main source of Delta
infection nowadays. In addition, they detected an increased number of infections
related to sexual practices. In our sample only 4 patients (3 women and 1 men)
contracted the virus because of presumably “risky sexual practices,” but they were
uniformly distributed between the two groups according to year of diagnosis, before
and after 2000. Unfortunately, given the retrospective nature of this study, data on
sexual practices were not universally recorded.
As previously reported, a proportion of patients were co-infected with other
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Figure 2

Figure 2 Cumulative risk of developing hepatocellular carcinoma since diagnosis of infection.

viruses. HIV (10.6%) and HCV (11.4%)-coinfection was mainly observed in the
Spanish population, where the main risk factor was IDU. Interestingly, 5.7% of the
sample had quadruple HBV, HDV, HCV, and HIV infection. As typically described in
the Mediterranean area, most of the patients were anti-HBe positive at time of
diagnosis.
The profile of currently diagnosed HDV-infected patients is that of middle-aged
males, migrating from endemic areas, particularly Eastern Europe, where prior
medical contact/intervention seems to be the main risk factor for infection. The few
studies in our country evaluating the migrant population have solely focused on
people from the African continent. López-Vélez et al[13] found that 10% of HBsAg+
asymptomatic carriers from a cohort of sub-Saharan Africa immigrants residing in
Madrid were also anti-HDV-IgG-positive. More recent data among immigrants from
Equatorial Guinea living in Madrid demonstrated a prevalence of HDV infection of
20.9% of HBsAg carriers[14].
Regarding the natural history of this infection, our data confirmed prior studies
highlighting the aggressive course of HBV-HDV coinfected patients. Indeed, threequarters of patients progressed to cirrhosis and liver decompensation. Furthermore,
only 3.3 years elapsed between the diagnosis of compensated cirrhosis and liver
transplantation, death or last visit. The lack of response to pegylated interferon as well
as the presence of frequent comorbidities, such as diabetes, obesity or alcohol intake
may explain these findings. In summary, given the low efficacy rate of interferon,
addressing adequately these comorbidities seems the best strategy to improve the
long-term outcome of HDV-infected individuals. In addition, it is likely that the very
short delay observed between diagnosis and cirrhosis in those diagnosed after the
year 2000 may be related to the fact that most of these patients were migrants (46.7%)
with no prior liver evaluation.
The main limitation of this study lies in its retrospective design. We cannot exclude
selection bias potentially resulting in a prevalence underestimation and errors in
estimating the time of infection. Furthermore, as this was a single center study, the
sample size was relatively small which may have limited statistical power. Finally, no
data on viral load was collected due to substantial missing data in early years and the
change in quantitative techniques over time.
Despite these limitations, this research provides epidemiological data in a
historically endemic area with new migration, highlighting changes in the patient
profile, with a predominance of patients coming from Eastern Europe and the high
frequency of comorbidities that may impact disease progression.
In conclusion, 11.5% of our HBV-infected population is coinfected with HDV.
Recently, diagnosed patients are non-Spanish born individuals coming from endemic
countries where the main risk factor is presumably prior medical contact/
intervention, inadequately diagnosed and followed until their arrival to Spain.
Importantly, IDU patients infected during the first outbreak in the 1980s still represent
a significant burden as most have progressed to cirrhosis and/or liver cancer.
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Figure 3

Figure 3 Cumulative risk of developing cirrhosis since delta hepatitis virus infection diagnosis for those
patients diagnosed before and from 2000.

Independently from the country of origin, the majority of HDV-infected individuals
are men with comorbidities, potentially playing a major role in disease progression.
Finally, the low use of pegylated interferon together with its very low efficacy
highlights the need for better therapies.
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Table 2 Variables associated with the cumulative risk of different end-points since infection1
Cirrhosis
2

Liver cancer

Liver decompensation2

Transplantation

Survival

Age

+ (0.056)

++ (0.007)

NS

++ (0.034)

NS

Sex

NS

NS

+ (0.101)

++ (0.040)

NS

Country of birth

NS

NS

NS

NS

NS

Diabetes

++ (0.027)

NS

+ (0.085)

++ (0.013)

++ (0.004)

Overweight

NS

NS

NS

+ (0.104)

NS

Alcohol consumption

NS

+ (0.100)

NS

++ (0.019)

NS

HIV coinfection

NS

NS

NS

NS

NS

HCV coinfection

NS

NS

NS

NS

NS

Log [ALT]

NS

NS

NS

NS

NS

Treatment with IFN

NS

NS

NS

++ 0.034

NS

Antiviral treatment

+ (0.092)

NS

NS

NS

NS

1

>Except for clinical decompensation where baseline was “time of cirrhosis diagnosis”ã
For this purpose, we only took into consideration cirrhotic patients; 3Underlined values are those with a P-value < 0.1, because a tendency towards
significance was observed. ALT: Alanine aminotransferase; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; IFN: Interferon; NS: No
statistical significance.
2

Table 3 Differences according to year of diagnosis of infection, n (%)
Demographic parameters

Total

Diagnosis before 2000

Diagnosis after 2000

Spain

47 (67.1)

37 (92.5)

10 (33.3)

Eastern Europe

17 (24.3)

3(7.5)

14 (46.7)

Other

6 (8.6)

0 (0)

6 (20)

P value
< 0.00

Country of birth by region

Diabetes mellitus

Diabetic

6 (8.6)

1 (2.3)

5 (16.7)

0.038

Alcohol consumption

Alcohol consumption

24 (34.3)

12 (30)

12 (41.4)

0.327

Underweight

2 (2.9)

1 (2.7)

1 (3.8)

Normal weight

26 (37.1)

12 (32.4)

14 (53.8)

Overweight

23 (32.9)

14 (37.8)

9 (34.6)

Obese

12 (17.1)

10 (27)

2 (7.7)

0.038

Weight

Serologic parameters
HBe antigen

HBeAg +

8 (11.4)

8 (11.4)

0 (0)

0.008

HIV

Anti-HIV-IgG +

7 (10)

7 (10)

0 (0)

0.024

HCV

Anti-HCV-IgG+

8 (11.4)

8 (11.4)

0 (0)

0.009

Progression to cirrhosis

54 (77.1)

33 (82.5)

21 (72.4)

0.316

Liver decompensation

39 (72.2)

24 (77.4)

15 (75)

0.842

Liver transplant

32 (45.7)

22 (55)

10 (33.3)

0.74

Death

4 (5.7)

2 (5)

2 (6.7)

0.766

Events

HBe: Hepatitis B e; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.
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Table 4 Descriptive characteristics of the paired samples of hepatitis B virus and hepatitis B virus-hepatitis D virus patients (n = 62), n
(%)

Demographic parameters

Serological parameters

Evolution parameters

HBV patient sample

HDV patient sample

P value

Age in yr

55.05

48.90

< 0.024

Sex, men

40 (64.5)

40 (64.5)

-

HIV

0 (0)

7 (11.9)

< 0.005

HCV

4 (6.5)

8 (12.9)

NS

Liver cirrhosis

14 (23.3)

43 (74.1)

< 0.000

Liver decompensation

5 (8.2)

33 (57.9)

Liver cancer

4 (6.6)

5 (8.5)

NS

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis delta virus; HIV: Human immunodeficiency virus; NS: No statistical significance.

Figure 4

Figure 4 Cumulative risk of developing hepatocellular carcinoma since hepatitis Delta virus infection diagnosis for those patients diagnosed before and
after 2000.

ARTICLE HIGHLIGHTS
Research background
At present, epidemiological data and information regarding possible changes in the infected
patient's profile are scarce. In addition, there were no updated epidemiological data in our
region for three decades.

Research motivation
To carry out this research in Spain is of special interest given the idiosyncrasies of our country,
and especially of our Region, Comunidad Valenciana, as an immigration receiving area.

Research objectives
The main objective was to describe the prevalence and profile of the hepatitis D virus (HDV)
infection in our referral hospital. Secondary objectives were as follows: (1) To determine the
epidemiology of the HDV infection; (2) To assess risk factors associated with this infection and
determine whether the disease course is worse than in hepatitis B virus (HBV) mono-infected
patients of the same age and sex; and (3) To elucidate whether the recommendations of the
European guidelines for treatment are met.

Research methods
Retrospective evaluation of anti-HDV-immunoglobulin G seroprevalence among patients with
chronic HBV infection followed in a reference Hepatology Unit. Demographic, clinical, analytic,
serologic, and virology parameters were retrieved from chart review together with evolution
events (cirrhosis, liver decompensation, liver transplantation, and death). HDV-HBV patients
were matched 1:1 by age and year of diagnosis to HBV mono-infected patients.

Research results
Most of anti-HDV-IgG patients were men (63%) with a median age of 52 years. The majority
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were Spaniards (67%), who were infected due to intravenous drug use; 24.5% of the population
corresponded to migrants, presumably due to a nosocomial infection. Comorbidities (diabetes,
alcohol consumption and overweight) were frequent in both groups. A high proportion of
patients developed liver complications such as cirrhosis (77%), liver decompensation (81%), or
HCC (16.5%), or required liver transplantation (59.5%). Compared to HBV mono-infected
patients, delta individuals more frequently developed cirrhosis and liver decompensation, with
no differences in HCC rates. The main limitation of this study lies in its retrospective quality.
Therefore, we must base our conclusions on the current sample and follow patients
prospectively in order to continue updating their data. Future research should collect virological
data (HDV viral load) and determine the genotype in order to elucidate the role of these factors
and determine if it is possible to ascertain individualized evolutionary courses according to the
characteristics previously exposed.

Research conclusions
We confirmed our hypothesis that the HDV-infected population has changed starting in 2000
due to an increase in the immigrant population. However, the disease outcomes remain the
same: Cirrhosis, impaired liver function and HCC. We have found a high prevalence of delta
hepatitis in our area compared to other Spanish and European regions; probably because
increased number of immigrants. This implies that we must be very diligent in screening for this
infection in order to be able to offer patients early follow-up.

Research perspectives
Delta hepatitis remains a major concern and must follow these patients carefully given the
significant complications seen on follow-up. Future research should elucidate the behavior of
patients diagnosed over the last decade.
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Abstract
BACKGROUND
Acute variceal bleeding is a major complication of portal hypertension and is a
leading cause of death in patients with cirrhosis. There is limited data on the
outcomes of patients with esophageal variceal bleeding in teaching versus
nonteaching hospitals. Because esophageal variceal bleeding requires complex
management, it may be hypothesized that teaching hospitals have lower
mortality.
AIM
To assess the differences in mortality, hospital length of stay (LOS) and cost of
admission for patients admitted for variceal bleed in teaching versus nonteaching
hospitals across the US.
METHODS
The National Inpatient Sample is the largest all-payer inpatient database
consisting of approximately 20% of all inpatient admissions to nonfederal
hospitals in the United States. We collected data from the years 2008 to 2014.
Cases of variceal bleeding were identified using the International Classification of
Diseases, Ninth Edition, Clinical Modification codes. Differences in mortality,
LOS and cost were evaluated for patients with esophageal variceal bleed between
teaching and nonteaching hospitals and adjusted for patient characteristics and
comorbidities.
RESULTS
Between 2008 and 2014, there were 58362 cases of esophageal variceal bleeding
identified. Compared with teaching hospitals, mortality was lower in nonteaching hospitals (8.0% vs 5.3%, P < 0.001). Median LOS was shorter in
nonteaching hospitals as compared to teaching hospitals (4 d vs 5 d, P < 0.001). A
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higher proportion of non-white patients were managed in teaching hospitals. As
far as procedures in nonteaching vs teaching hospitals, portosystemic shunt
insertion (3.1% vs 6.9%, P < 0.001) and balloon tamponade (0.6% vs 1.2%) were
done more often in teaching hospitals while blood transfusions (64.2% vs 59.9%, P
= 0.001) were given more in nonteaching hospitals. Using binary logistic
regression models and adjusting for baseline patient demographics and comorbid
conditions the mortality, LOS and cost in teaching hospitals remained higher.
CONCLUSION
In patients admitted for esophageal variceal bleeding, mortality, length of stay
and cost were higher in teaching hospitals versus nonteaching hospitals when
controlling for other confounding factors.
Key words: Variceal bleeding; Teaching hospital; Mortality; National Inpatient Sample;
Length of stay; Bleeding; Cirrhosis
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Core tip: This study assesses the outcomes of patients that present to the hospital with
variceal bleeding amongst teaching and non-teaching hospitals. Patients that were
managed at teaching facilities had higher mortality, length of stay and cost of
hospitalization when compared to those at non-teaching facilities.
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INTRODUCTION
Acute variceal bleeding (AVB) as a direct consequence of portal hypertension remains
the most lethal complication amongst cirrhotic patients. Over the past three decades,
mortality due to variceal bleeding has steadily decreased in concurrence with
improved endoscopic and pharmacological therapies, including endoscopic
sclerotherapy, banding ligation, vasoactive agents, and antibiotic prophylaxis[1-3]. In
addition, a more efficient approach to improve hemodynamic stability, reduce portal
pressure, and endoscopically treat variceal bleeding has now become the cornerstone
of treatment in AVB[3]. Prompt endoscopic therapy (≤ 12 h) for AVB has also been
associated with better outcomes in cirrhotic patients[4]. Early re-bleeding within 3-5 d
of endoscopic therapy remains at approximately 20% for which aggressive treatment
and early transjugular intrahepatic portosystemic shunt (TIPS) placement has shown
increasing survival rates[5]. Despite this progression in treatment modalities, bleeding
from gastroesophageal varices maintains a 6-wk mortality in approximately 15%-20%
of patients with underlying cirrhosis[5]. Therefore, facilities to manage these cases
require the necessary equipment and health-care personnel to initiate un-delayed
treatment, prevent early re-bleeding, and decrease overall mortality.
It has been widely debated that certain disparities exist in delivery of medical care
and patient safety outcomes when comparing teaching to nonteaching hospital[6].
While earlier studies have reported higher quality care and better patient outcomes in
teaching hospitals, others have considered this evidence unsubstantial[6-10]. It has been
further proposed that differences in patient outcomes within teaching versus
nonteaching hospitals vary amongst multiple patient settings and specific diseases[10].
For instance, one study has demonstrated that among common medical conditions,
such as acute myocardial infarction and congestive heart failure, teaching hospitals
have lower mortality rates when compared to non-teaching hospitals[11]. Certain
studies have shown that teaching hospitals may have higher rates of iatrogenic injury,
though the underlying reasoning for this discrepancy has not been determined[12].
Furthermore, with the enactment of resident work hour regulations for teaching
hospitals, trends in patient safety outcomes and mortality have been highly
scrutinized[7,11]. Although duty hour limitations have been associated with a decrease
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in overall mortality, data for patients admitted for gastrointestinal bleeding remained
equivocal between hospital settings[7].
An increasing amount of studies have focused on evaluating the most cost-effective
manner in which to practice medicine. There has been an association between
teaching hospitals and high-quality care because of their ability to provide specialized
health care, perform advanced procedures, act as leaders in medical education and
research, and offer care for the underserved populations[7,8]. Within the current era of
healthcare reform, most studies have shown higher costs in teaching hospitals
compared with community facilities. This could be attributed to the utilization of
more advanced, expensive diagnostic testing without any demonstrable improvement
in outcomes[13-15]. In regards to AVB, recent studies have suggested the average cost of
in-hospital treatment to be $6612 for those without any complications, and $23207 for
those with complications[16]. After adjusting for geographic cost of living and patient
factors, cost per case were similar across hospital type[17].
Due to the complexity in management of esophageal variceal bleeding, one can
hypothesize that teaching hospitals have lower mortality. Given the limited data on
outcomes of patients with variceal bleeding in teaching versus nonteaching hospitals,
our study aims to assess the differences in mortality, length of stay (LOS), and
hospital costs for patients admitted for AVB among different hospital settings within
the United States.

MATERIALS AND METHODS
Data source
The National Inpatient Sample (NIS), maintained by the Healthcare Cost and
Utilization Project (HCUP) of the Agency for Healthcare Research and Quality, is the
largest database of inpatient hospital stays in the United States[18]. The NIS collects
data from a 20% stratified sample of United States hospitals from 37 states and has
been reliably used to estimate disease burden and outcomes. Each individual
hospitalization is de-identified and maintained in the NIS as a unique entry with 1
primary discharge diagnosis and up to 29 secondary diagnoses during that
hospitalization depending on the year of data collection. Each entry also carried
information on patient demographics including age, sex, race, insurance status,
primary and secondary procedures (up to 14), hospitalization outcome, total charges,
and length of stay (LOS).

Study sample
The International Classification of Diseases 9th Version, Clinical Modification (ICD-9
CM) diagnosis codes (456.0 and 456.2) were used to identify patients (≥ 18 years)
hospitalized with a primary diagnosis of esophageal variceal bleeding admitted
between 2008 and 2014. If a patient had any other liver related diagnosis code (Supplementary Table 1) as their primary diagnosis they were also included. All patients
that were admitted electively were excluded due to the inconsistency of elective
admission and emergent nature of acute variceal bleeding. Only patients that had an
EGD performed were included since endoscopy is necessary to diagnose a variceal
bleed and also to exclude causes of nonvariceal upper GI bleeding. Cases that did not
have mortality data or hospital teaching status were excluded. In total, 58362 cases
were found using the above inclusion criteria. Secondary outcome variables were LOS
and cost of hospitalization.

Hospital teaching status
Our primary exposure variable was the teaching status of the hospital each patient
was treated at. In the NIS database, this data is divided into three separate categories:
Rural, urban-nonteaching and urban teaching. For our study, the rural and urbannonteaching categories were combined into one category termed non-teaching while
the urban teaching category was used to delineate all teaching hospitals.

Predictive variables
Other variables that were studied included age (divided into three groups; < 40 years,
40-59 years and > 60 years), gender, race, primary payer, hospital location, hospital
bed size, and transfer status (in from another acute care hospital vs not a transfer).
In order to assess for comorbidities, the data was extracted to include the
Elixhauser comorbidity Index[19]. This is a well-validated index based on ICD-9-CM
codes that is meant to be used in large administrative data to predict mortality and
hospital resource use[20]. The index has 30 comorbid categories that include both liver
disease and coagulopathy. Due to the nature of our primary diagnosis, we excluded
both of these variables from our index and therefore studied only 28 comorbidities.
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Since the NIS does not allow us to determine the severity of liver disease using either
the Child-Pugh classification or Model for End Stage Liver Disease (MELD) score we
assessed for separate conditions associated with liver decompensation. These
included ascites (ICD-9-CM 789.5 and 789.59), hepatic encephalopathy (ICD-9-CM
572.2), spontaneous bacterial peritonitis (ICD-9-CM 567.23), hepatorenal syndrome
(ICD-9-CM 572.4) and hepatocellular carcinoma (ICD-9-CM 155.0). Furthermore, we
also separately analyzed data for patients with alcoholic cirrhosis (ICD-9-CM 571.2) as
their underlying liver disease as this is one of the most common liver etiologies of
variceal bleeding. Finally, common management options for esophageal variceal
bleeding were also identified. These included blood transfusions (ICD-9-CM 99.00,
99.04, 99.05, 99.06, 99.07), balloon tamponade (ICD-9-CM 44.93 and 96.06), and
portosystemic shunt (ICD-9-CM 39.1).

Statistical analysis
Hospital-level discharge weights provided by NIS were used to generate national
estimates. Categorical variables were compared using the chi-square, whereas
independent sample T test was used for continuous variables. Using binary logistic
regression models mortality, LOS, and cost were examined after adjusting for baseline
patient demographics, hospital details, procedures, and comorbid conditions. A Pvalue of < 0.05 was considered significant.
Inpatient cost of hospitalization was calculated by merging data from the NIS
database with cost-to-charge ratios available from the Healthcare Cost and Utilization
Project of the Agency for Healthcare Research and Quality. Given total charges for
each inpatient stay available in the database, costs were then calculated by
multiplying the total hospital charge with cost-to-charge ratios which were used to
account for the inherent variability among hospitals and regions. All costs were
adjusted for inflation according to the latest consumer price index data released by the
United States government in December of 2017.
All analyses were performed using SPSS Statistics 23 (IBM Corp, Armonk, NY,
United States).

RESULTS
Between 2008 and 2014 there were 58362 admissions for esophageal variceal bleeding
that fit our inclusion criteria (7295 annually based on study period).

Teaching status of hospital
Amongst hospital admissions for esophageal variceal bleeding, a total of 30382 took
place in teaching hospitals while 27979 took place in non-teaching hospitals.
Demographics and hospital characteristics are provided in Table 1. The average
overall age of patients presenting with variceal bleeding was 55 (SD of 12) with a male
predominance. More than half of the patients were Caucasian. The primary insurance
payer was Medicare for a majority of the patients. A large portion of patients were
treated in large hospitals (based on hospital region) and in the southern US. Though
most patients were treated as initial admissions directly to the hospital under
investigation, a small portion (7.4%) were transferred in from another acute care
hospital.
In comparing teaching hospitals to non-teaching hospitals, the above characteristics
remained true. Teaching hospitals had a higher percentage of minority patients
compared to non-teaching hospitals. Teaching hospitals also had more Medicaid
patients while non-teaching hospitals had more Medicare patients. A higher
percentage of teaching hospitals with variceal bleeding was located in the Northeast
and Midwest while a higher percentage of non-teaching hospitals was located in the
South and the West. Furthermore, teaching hospitals had a greater percentage of
transfers from outside acute care hospitals compared to non-teaching hospitals (11.5%
vs 3.0% respectively).
Comorbid conditions as well as management for these patients can be seen in Table
2. Amongst all patients, more than half had greater than or equal to three comorbid
conditions other than their underlying liver disease as determined by the Elixhauser
comorbidity index. Between group differences were not statistically significant
however.
More importantly, teaching hospitals were more likely to admit patients with
alcoholic cirrhosis (53.0% vs 50.6%), features of hepatic decompensation (ascites,
hepatic encephalopathy), hepatorenal syndrome (4.2% vs 2.2%), and hepatocellular
carcinoma (4.6% vs 2.5%) when compared to non-teaching hospitals.
In terms of management, non-teaching hospitals had a higher rate of transfusion
(64.2% vs 59.9%) as compared to teaching hospitals and a lower rate of balloon
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Table 1 Patient demographics and hospital characteristics
Variable

All (58362)

Teaching (30382)

Non-teaching (27979)

55 (12.05)

54 (11.83)

55 (12.21)

Patient age (yr)

P value
< 0.001

Median (SD)
Sex

0.650

Female

18550 (31.8)

9601 (31.6)

8953 (32.0)

Male

39803 (68.2)

20781 (68.4)

19026 (68.0)

Race

< 0.001

White

35192 (60.3)

17166 (56.5)

18018 (64.4)

Black

4202 (7.2)

2917 (9.6)

1287 (4.6)

Hispanic

11030 (18.9)

5924 (19.5)

5092 (18.2)

Asian or Pacific Islander

1167 (2.0)

668 (2.2)

532 (1.90)

Native American

875 (1.5)

486 (1.6)

392 (1.40)

Other

1751 (3.0)

1063 (3.5)

699 (2.50)

Missing

4144 (7.1)

2188 (7.2)

1959 (7.0)

Primary payer

< 0.001

Medicare

18442 (31.6)

8720 (28.7)

9709 (34.7)

Medicaid

13540 (23.2)

7869 (25.9)

5680 (20.3)

Private and HMO

14824 (25.4)

7960 (26.2)

6855 (24.5)

Self-pay

7587 (13.0)

3767 (12.4)

3805 (13.6)

No charge

700 (1.2)

425 (1.4)

308 (1.1)

Other

3268 (5.6)

1671 (5.5)

1539 (5.5)

Hospital bed size

< 0.001

Small

6245 (10.7)

4102 (13.5)

2182 (7.8)

Medium

15408 (26.4)

8051 (26.5)

7386 (26.4)

Large

36710 (62.9)

18229 (60.0)

18410 (65.8)

Hospital region

< 0.001

Northeast

10564 (18.1)

6988 (23.0)

3581 (12.8)

Midwest

9571 (16.4)

5621 (18.5)

3917 (14.0)

South

23170 (39.7)

11636 (38.3)

11555 (41.3)

West

15057 (25.8)

6137 (20.2)

8925 (31.9)

Yes

4319 (7.4)

3494 (11.5)

839 (3.0)

No

54043 (92.6)

26888 (88.5)

27140 (97.0)

Transfer in from acute care hospital

< 0.001

tamponade (0.6% vs 1.2%) and portosystemic shunt (3.1% vs 7.9%). The P value was <
0.001 for all comparisons.

Mortality
The overall mortality for all patients presenting with esophageal variceal bleeding
was 6.7% in our study population. The unadjusted mortality was higher in teaching
hospitals when compared to non-teaching hospitals (8.0% vs 5.3% respectively, P <
0.001). Mortality was higher amongst patients that were black males, older than 60
years, admitted to a large hospital, and transferred from another acute care hospital.
These findings are outlined in Table 3.
Furthermore, there was also a significant difference amongst hospital teaching
status and mortality when comparing comorbid conditions and management
decisions (Table 4). There was a higher mortality in teaching hospitals in those
patients with underlying alcoholic cirrhosis when compared to non-teaching hospitals
(9.2% vs 6.3%) though this was not statistically different. The presence of liver
decompensation (ascites and hepatic encephalopathy) was also associated with higher
mortality in teaching hospitals compared to non-teaching hospitals. Hepatorenal
syndrome and/or hepatocellular carcinoma also portended a higher risk for mortality
in teaching hospitals. As far as management, mortality was higher in teaching
hospitals when blood transfusions (8.7% vs 6.2%) or portosystemic shunts were
performed (17.1% vs 9.9%) compared to non-teaching hospitals.
After adjustment for baseline patient characteristics including demographics,
comorbid conditions, evidence of liver decompensation, management and transfer

WJH

https://www.wjgnet.com

292

June 27, 2020

Volume 12

Issue 6

Patel P et al. Outcomes of variceal bleeding

Table 2 Patient comorbidities and management
Variable

All (58362)

Teaching (30382)

Non-teaching (27979)

0

2568 (4.4)

1398 (4.6)

1175 (4.2)

1

8929 (15.3)

4679 (15.4)

4281 (15.3)

2

14707 (25.2)

7565 (24.9)

7135 (25.5)

≥3

32157 (55.1)

16740 (55.1)

15388 (55.0)

Alcoholic cirrhosis

30232 (51.8)

16102 (53.0)

14157 (50.6)

Ascites

19551 (33.5)

10998 (36.2)

8534 (30.5)

Hepatic encephalopathy

9280 (15.9)

5286 (17.4)

4001 (14.3)

SBP

1109 (1.9)

760 (2.5)

336 (1.2)

Hepatorenal syndrome

1868 (3.2)

1276 (4.2)

616 (2.2)

Coagulopathya

27255 (46.7)

14340 (47.2)

12870 (46.0)

Hepatocellular carcinoma

2101 (3.6)

1398 (4.6)

699 (2.5)

Blood transfusion

36184 (62.0)

18199 (59.9)

17963 (64.2)

Balloon tamponade

525 (0.9)

365 (1.2)

168 (0.6)

Portosystemic shunt

3268 (5.6)

2400 (7.9)

867 (3.1)

Elixhauser comorbiditiesa

Liver comorbidities

Management

a

P > 0.05 in comparison between groups. All data are proportions [n (%)]. Comparisons between groups
made with χ2 test. All comparisons had P < 0.001 between groups unless otherwise stated.

status the only significant factors that were associated with higher mortality were
gender, race, transfer in from outside hospital and teaching status of hospital. Males
had a higher rate of mortality when compared to females with adjusted OR 1.271
(95%CI: 1.075-1.503) as did Blacks when compared to Whites with adjusted OR 1.607
(95%CI: 1.246-2.074). Patients that were transferred in from an acute care hospital had
a higher mortality than those that did not with an adjusted OR 1.490 (95%CI: 1.1721.894). Overall, the adjusted OR of mortality in teaching hospitals compared to nonteaching hospitals was 1.249 (95%CI: 1.066-1.463) (Table 3).

Length of stay and cost of hospitalization
The median length of stay for all centers was 4 d with an interquartile range (IQR) of
3-7. Teaching hospitals had a median LOS of 5 d while non-teaching hospitals had a
LOS of 4 d. The cost of hospitalization overall was $19049 in all centers. Teaching
hospitals had a significantly higher cost of hospitalization of $22355 compared to nonteaching hospitals at $15535 (Table 5). Using linear regression analysis and controlling
for baseline patient demographics, hospital characteristics, liver decompensation,
associated conditions and management, the LOS and cost remained higher in teaching
hospitals compared to non-teaching hospitals (Table 6).

DISCUSSION
Given the advancements in pharmacologic and endoscopic interventions, mortality
rates have improved[21]. Esophageal band ligation (EBL) has largely become standard
of care due to its lower rate of complications, mortality and rebleeding[22]. Though the
rates of mortality due to acute variceal bleeding are steadily declining, this
complication of portal hypertension still remains one of the leading causes of death in
cirrhotic patients[1]. Our study looked at 58362 cases of esophageal variceal bleeding in
teaching and nonteaching hospitals between 2008 and 2014 and found that both
mortality and length of stay was lower in non-teaching hospitals. In our hospitalized
patient population, we found that a higher proportion of patients in teaching
hospitals were of non-white race and underwent more rescue procedures
(portosystemic shunt insertion). However, blood transfusions were more commonly
given in nonteaching hospitals.
While upper gastrointestinal bleeding has previously been associated with a high
mortality (up to 10%)[23,24], recent studies have shown that the mortality rate has
decreased over the past 20 years to as low as 2.1%[21]. Additionally, rates of EGD
performed early in the hospital stay have been steadily increasing over the same time
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Table 3 Mortality associated with patient demographics and hospital characteristics
Variable

Mortality (%)a

Unadjusted OR (95%CI)

Adjusted OR (95%CI)1

Age < 40

5.5%

1.0

1.0

Age 40-59

6.7%

1.226 (0.900-1.669)

1.182 (0.858-1.628)

0.196

Age > 60

7.1%

1.312 (0.955-1.801)

1.397 (0.989-1.974)

0.094

Female

5.6%

1.0

1.0

Male

7.3%

1.323 (1.126-1.555)

1.271 (1.075-1.503)

White

6.4%

1.0

1.0

Black

10.2%

1.664 (1.308-2.118)

1.607 (1.246-2.074)

< 0.001

Hispanic

6.1%

0.948 (0.778-1.155)

0.942 (0.766-1.157)

0.567

Asian or Pacific Islander

6.6%

1.040 (0.621-1.742)

1.046 (0.619-1.768)

0.867

Native American

6.7%

1.062 (0.587-1.922)

1.071 (0.572-2.002)

0.831

Other

7.6%

1.214 (0.971-1.518)

1.131 (0.895-1.429)

0.304

Medicare

6.7%

1.0

1.0

Medicaid

7.9%

1.180 (0.978-1.423)

1.027 (0.844-1.250)

0.789

Private and HMO

6.0%

0.887 (0.729-1.078)

0.837 (0.683-1.026)

0.087

Self-pay

7.2%

1.069 (0.849-1.346)

1.098 (0.864-1.395)

0.445

No charge

4.0%

0.580 (0.254-1.326)

0.517 (0.214-1.247)

0.142

Other

4.9%

0.706 (0.487-1.025)

0.671 (0.456-0.988)

0.043

Small

5.2%

1.0

1.0

Medium

5.8%

1.115 (0.836-1.486)

1.094 (0.814-1.470)

0.551

Large

7.4%

1.458 (1.123-1.892)

1.272 (0.970-1.668)

0.082

Northeast

7.4%

1.0

1.0

Midwest

7.1%

0.961 (0.760-1.216)

0.960 (0.744-1.238)

0.752

South

6.1%

0.814 (0.667-0.994)

0.914 (0.740-1.129)

0.403

West

7.0%

0.946 (0.766-1.169)

1.110 (0.882-1.397)

0.372

No

6.2%

1.0

1.0

Yes

11.9%

2.041 (1.643-2.536)

1.490 (1.172-1.894)

Teaching

8.0%

1.557 (1.345-1.803)

1.249 (1.066-1.463)

Non-teaching

5.3%

1.0

1.0

Patient age (yr)

P value
0.226

Sex

0.001

0.005

Race

0.001

Primary payer

0.001

Hospital bed size

0.001

Hospital region

0.143

Transfer in from acute care hospital

< 0.001

0.001

Hospital teaching status

< 0.001
0.006

a

P < 0.001 for all comparisons of crude mortality between groups in bivariate χ2 analyses.
Adjusted for age, sex, race, primary insurance, hospital bed size, region, transfer status, features of hepatic decompensation, and management.

1

period[21]. Interventions that are performed during EGD to limit bleeding, likely
explain the reductions in mortality, transfusions and need for further supportive
therapies such as vasopressors or ICU stays. Delays in EGD in nonteaching hospitals,
may therefore, explain the higher rates of transfusions in those institutions but not the
decreased mortality.
Our study revealed that hospital costs were higher in teaching hospitals. Prior
studies have found that the overall cost during the hospitalization, including the cost
of any procedures, were higher in patients who did not undergo early EGD[25].
A main strength of our study is that our sample size is representative of the
inpatient population throughout the United States. It is unique in that it looks at the
differences among teaching versus nonteaching hospitals in a study population that is
nationally representative. Our study period was recent, from 2008 to 2014, and thus
reflective of recent endoscopic management for esophageal variceal bleeds.
The current study has several limitations. First, the NIS is a database reliant on the
delineation and coding of medical diagnoses, which if performed incorrectly can
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Table 4 Patient comorbidities and management with associated mortality
Variable

Mortality overall (n = 58362)

Mortality teaching (n = 30382)

Mortality non-teaching (n = 27979)

0

4202 (7.2)

3008 (9.9)

1455 (5.2)

1

4085 (7.0)

2734 (9.0)

1287 (4.6)

2

4144 (7.1)

2886 (9.5)

1371 (4.9)

≥3

3794 (6.5)

2157 (7.1)

1567 (5.6)

Alcoholic cirrhosisa

4494 (7.7)

2795 (9.2)

1763 (6.3)

Ascites

5953 (10.2)

3585 (11.8)

2266 (8.1)

Hepatic encephalopathy

9338 (16.0)

5165 (17.0)

3973 (14.2)

SBP

11322 (19.4)

8294 (27.3)

1567 (5.6)

Hepatorenal syndrome

23695 (40.6)

12335 (40.6)

11415 (40.8)

Coagulopathy

4844 (8.3)

2917 (9.6)

1931 (6.9)

Hepatocellular carcinoma

7821 (13.4)

4770 (15.7)

2266 (8.1)

Blood transfusion

4319 (7.4)

2643 (8.7)

1735 (6.2)

Balloon tamponade

30290 (51.9)

15616 (51.4)

14857 (53.1)

Portosystemic shunt

8871 (15.2)

5195 (17.1)

2770 (9.9)

Elixhauser comorbidities

Liver comorbidities

Management

a

P > 0.05 in comparison between groups. All data are proportions [n (%)]. Comparisons between groups made with χ2 test. All comparisons had P < 0.001
between groups unless otherwise stated.

predispose to classification errors and inaccuracies. Second, a patient’s clinical acuity,
preoperative and intraoperative performance status, and endoscopic procedure
findings cannot be accessed within the NIS[26]. Third, the inherent features of the
database do not allow us to fully assess a patient’s hospital course. This further limits
our ability to distinguish temporal relationships between medical diagnoses and their
causality with patient outcomes. Fourth, we did not include patients diagnosed with
an AVB after admission to the hospital, which could have underestimated rates of
mortality. Fifth, we were also unable to discern rates of re-bleeding post endoscopic
intervention or if these AVB events were primary or recurrent, which if recurrent
would place a patient at a higher risk of mortality[27,28]. Moreover, pertinent variables
including lab values, endoscopic findings and therapies, vital signs were missing as
these are not available using the NIS database. Lastly, pharmacological therapy such
as octreotide as well as prophylaxis measures with nonselective beta-blockers is not
included in the NIS, which are important confounders that may have affected patient
outcome between hospital settings.
Despite this, the findings are intriguing. Further prospective studies may need to be
completed in order to determine causality and delineate whether teaching status
affects patient outcomes.
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Table 5 Length of stay and cost of hospitalization
Variable

All (58362)

Teaching (30382)

Non-teaching (27979)

4 (3-7)

5 (3-8)

4 (3-6)

$19049 (11880)

$22355 (12996)

$15535 (10935)

P value

Length of stay

< 0.001

Median (IQR) in days
Cost of hospitalization

< 0.001

Mean in US dollars (SD)

IQR: Interquartile range.

Table 6 Mortality, length of stay and cost in teaching vs nonteaching logistic regression
Variable

OR/coefficient

95%CI

P value

Mortality

1.249

1.066-1.463

0.006

LOS

1.72

1.46-1.97

< 0.001

Cost

6651

5646-7656

< 0.001

LOS: Length of stay; OR: Odds ratio.

ARTICLE HIGHLIGHTS
Research background
Acute variceal bleeding is a major complication of portal hypertension and is a leading cause of
death in patients with cirrhosis. There is limited data on the outcomes of patients with
esophageal variceal bleeding in teaching versus nonteaching hospitals.

Research motivation
To understand if the teaching status of a hospital has better or poorer outcomes in management
of patients with variceal bleeding.

Research objectives
Compare outcomes of mortality, length of stay and cost of hospitalization amongst patients
presenting with acute variceal bleeding in cohorts of teaching vs nonteaching hospitals.

Research methods
We looked at retrospective data from a large national database of patients that presented with
acute variceal bleeding.

Research results
The mortality, length of stay and cost of hospitalization was higher amongst patients with acute
variceal bleeding that presented to a teaching hospital. When controlling for comorbidities and
hospital characteristics this remained statistically significant.

Research conclusions
Teaching hospitals did worse in outcomes for patients with variceal bleeding when compared to
non-teaching hospitals. Further details may need to be deciphered as to what could contribute to
these findings.

Research perspectives
Prospective studies at teaching and non-teaching institutions when controlling for severity of
illness can shed light on whether teaching hospitals need to improve their delivery of care for
patients with variceal bleeding.
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Abstract
BACKGROUND
Critically ill patients with cirrhosis, particularly those with acute
decompensation, have higher mortality rates in the intensive care unit (ICU) than
patients without chronic liver disease. Prognostication of short-term mortality is
important in order to identify patients at highest risk of death. None of the
currently available prognostic models have been widely accepted for use in
cirrhotic patients in the ICU, perhaps due to complexity of calculation, or lack of
universal variables readily available for these patients. We believe a survival
model meeting these requirements can be developed, to guide therapeutic
decision-making and contribute to cost-effective healthcare resource utilization.
AIM
To identify markers that best identify likelihood of survival and to determine the
performance of existing survival models.
METHODS
Consecutive cirrhotic patients admitted to a United States quaternary care center
ICU between 2008-2014 were included and comprised the training cohort.
Demographic data and clinical laboratory test collected on admission to ICU
were analyzed. Area under the curve receiver operator characteristics (AUROC)
analysis was performed to assess the value of various scores in predicting in-
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hospital mortality. A new predictive model, the LIV-4 score, was developed
using logistic regression analysis and validated in a cohort of patients admitted to
the same institution between 2015-2017.
RESULTS
Of 436 patients, 119 (27.3%) died in the hospital. In multivariate analysis, a
combination of the natural logarithm of the bilirubin, prothrombin time, white
blood cell count, and mean arterial pressure was found to most accurately predict
in-hospital mortality. Derived from the regression coefficients of the independent
variables, a novel model to predict inpatient mortality was developed (the LIV-4
score) and performed with an AUROC of 0.86, compared to the Model for EndStage Liver Disease, Chronic Liver Failure-Sequential Organ Failure Assessment,
and Royal Free Hospital Score, which performed with AUROCs of 0.81, 0.80, and
0.77, respectively. Patients in the internal validation cohort were substantially
sicker, as evidenced by higher Model for End-Stage Liver Disease, Model for
End-Stage Liver Disease-Sodium, Acute Physiology and Chronic Health
Evaluation III, SOFA and LIV-4 scores. Despite these differences, the LIV-4 score
remained significantly higher in subjects who expired during the hospital stay
and exhibited good prognostic values in the validation cohort with an AUROC of
0.80.
CONCLUSION
LIV-4, a validated model for predicting mortality in cirrhotic patients on
admission to the ICU, performs better than alternative liver and ICU-specific
survival scores.
Key words: Risk stratification; Resource allocation; Intensive care unit; Acute-on-chronic
liver failure; Modeling; Mortality
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Critically ill patients with cirrhosis have higher mortality rates in the intensive
care unit (ICU) than patients without chronic liver disease. None of the currently
available prognostic models have been widely accepted for use in cirrhotic patients in the
ICU, perhaps due to complexity of calculation. We believe survival modeling can guide
therapeutic decision-making and contribute to cost-effective healthcare resource
utilization. We describe the development of a novel model to predict in-hospital
mortality in critically ill patients with cirrhosis. Our validated model for predicting
mortality on admission to the ICU performs better than previously published liver and
ICU-specific scores.
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INTRODUCTION
Patients with cirrhosis, particularly those with acute decompensation necessitating
intensive care unit (ICU) admission, are at elevated risk for short-term mortality[1-3].
Acute-on-chronic liver failure, as defined by sequential organ failure in patients with
cirrhosis, portends a poorer prognosis, with 28-day mortality approaching 80% in
patients with 3 or more organ failures[1,4-7]. The most recent data from the nationwide
inpatient sample in the United States estimates that more than 26000 patients with
cirrhosis are admitted to ICUs annually, of which less than half (about 47%) survive
hospitalization[7,8]. Critical care for patients with cirrhosis is estimated to cost upwards
of United States $3 billion annually, with each admission totaling on average United
States $116200[8]. Survival analysis tools aid in the early identification of critically ill
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patients, which, when applied as part of therapeutic decision-making, can help guide
goals of critical care discussions with patients and their families, and may contribute
to cost-effective healthcare resource utilization[9].
To this end, the Acute Physiology and Chronic Health Evaluation (APACHE)
methodology [10] and the Simplified Acute Physiology Score (APS) [11] are widely
applied to estimate the risk of inpatient mortality based on values collected from
within the first 24 hours of critical care admission. Similarly, the Sequential (or SepsisRelated) Organ Failure Assessment (SOFA) is commonly used to describe, compare,
and track a patient's clinical course in the ICU[9]. On the other hand, liver-specific
scores, such as the Child-Pugh Score, Model for End-Stage Liver Disease (MELD),
MELD-Sodium (MELD-Na) and Chronic Liver Failure-SOFA (CLIF-SOFA) are
broadly applied in patients with liver disease to predict 90-day mortality, allocate
donor organs for liver transplantation, and to define hepatic decompensation as well
as acute-on-chronic liver failure[1,12-16]. Critical care scoring systems that include the
assessment of organ dysfunction have generally performed as well, or better, in
patients with cirrhosis than these liver-specific models for short-term mortality[1,17-28].
However, none of these prognostic models have been widely accepted for use in
clinical practice, perhaps due to complexity of calculation, or lack of universal
variables readily available for cirrhotic patients in the ICU. We aimed to identify
markers that best identify likelihood of transplant-free survival in critically ill patients
with cirrhosis and to determine the performance of existing survival models.

MATERIALS AND METHODS
Study aims
The aims of this study are to: (1) Identify clinical and laboratory markers universally
available at the time of ICU admission that best identify the likelihood of survival;
and (2) To compare this model to existing survival models.

Study design
Patients over the age of 18 with a diagnosis of cirrhosis admitted between 2008-2014
to an ICU at a major quaternary referral and liver transplantation center in the United
States comprised the training cohort. Patients from the APACHE IVb database (a
prospective database of consecutive patients admitted to the ICU) were identified
retrospectively by searching the database for the APACHE chronic health items (1)
hepatic failure and (2) cirrhosis. The diagnosis of cirrhosis was subsequently
confirmed either (1) radiographically, based on imaging evidence of cirrhosis or portal
hypertension; (2) histologically by liver biopsy, if performed, and/or (3) by evidence
of hepatic decompensation, including hepatic encephalopathy, variceal bleeding, or
ascites. Patients with acute liver failure, history of liver transplantation, or who
underwent liver transplantation during the contemporaneous hospital admission
were excluded from the analysis.

Patient population
Demographic patient data consisting of age, gender, co-morbidities, etiology of
chronic liver disease, and vital signs on admission to ICU were recorded from the
electronic medical record. Clinical laboratory tests collected on admission to ICU
included platelet count, prothrombin time (PT), International normalized ratio,
lactate, arterial blood gas, pH, partial arterial pressure of carbon dioxide and oxygen,
inspired oxygen concentration (FiO2), oxygen/FiO2, alveolar-arterial partial pressure
oxygen gradient (A-a gradient), hematocrit, white blood cell count (WBC), potassium,
blood urea nitrogen, albumin, sodium (Na), creatinine, bilirubin, bicarbonate, and
glucose. Additional clinical parameters, including 24-hour urine output, need for
mechanical ventilation, need for dialysis, variceal hemorrhage, Glascow coma scale,
vasopressor dose, and degree of ascites and encephalopathy were recorded. This
information was used to grade the severity of liver disease and prognosticate ICU
mortality based on the calculation of previously validated liver-specific and ICU
prognostic scores, including the MELD, MELD-Na, Child-Pugh, SOFA, CLIF-SOFA,
Royal Free Hospital (RFH), APS and APACHE III scores. Subjects were followed from
admission to hospital discharge or death.
The internal validation cohort was comprised of prospectively enrolled patients
over the age of 18 with a diagnosis of cirrhosis admitted to the same institution as the
training cohort between 2015-2017 and were subject to identical exclusion criteria. All
patients that met the inclusion criteria were included in the analysis; no formal
sample size calculations were done. The Institutional Review Board of the Cleveland
Clinic Foundation reviewed and approved this study. On behalf of all authors, the
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Statistical analysis
A univariate and then multivariate analysis was performed to assess factors
associated with in-hospital mortality. Data are presented as mean ± standard
deviation, median (25th, 75th percentiles) or n (%). Analysis of variance or the nonparametric Kruskal-Wallis tests were used for continuous or ordinal variables and
Pearson’s chi-square tests were used for categorical factors. In addition, Spearman
correlations coefficients were used to assess correlation between length of stay and the
different scores.
Receiver Operating Characteristics (ROC) analysis was performed to assess the
value of various scores in predicting in-hospital mortality; areas under the ROC
curves (AUROC) and corresponding 95% confidence intervals are presented.
A predictive model was developed using logistic regression analysis. An
automated stepwise variable selection method performed on 1000 bootstrap samples
was used to choose the final model. All variables known at time of ICU admission
were considered for inclusion. Variables with inclusion rates of at least 50% were
further assessed and the most parsimonious model with highest AUROC is reported.
Variable transformations were assessed to account for any possible non-linearity.
Observations with missing values were not included when building models.
After choosing the final model, the method described by Harrell[29] was used to
compute the validation metric with over-fitting bias correction through bootstrap
resampling. A thousand bootstrap samples (B = 1000) were drawn from the original
data set and a new model with the same model settings was built on each bootstrap
resample. Prediction on patients that were not chosen in the resample was calculated.
An optimism factor was calculated over the 1000 new models and the bias-corrected
validation metric was obtained by subtracting this optimism value from the AUROC
directly measured from the original model. In addition, the Hosmer-Lemeshow
goodness-of-fit χ2 test and calibration plots were used to assess calibration of the
models. DeLong’s method was used to compare predictive ability of LIV-4 to that of
the various scores by comparing AUROCs[30]. A univariable analysis was performed to
assess differences between the training and validation cohorts. SAS (version 9.4, The
SAS Institute, Cary, NC, United States) was used for all analyses and a P < 0.05 was
considered statistically significant. The statistical review was performed by a
biomedical statistician.

RESULTS
Training cohort
Patient characteristics: Training Cohort. In total, 436 patients cirrhotic patients, aged
57 ± 10.6 years, 65.4% males, mostly with alcohol-related liver disease -(45.2%),
Hepatitis C Virus -(33.7%) and Non-alcoholic steatohepatitis -(22%) related cirrhosis
were included in the training cohort (Table 1). The majority of patients presented with
severely decompensated liver disease, evidenced by the presence of moderate/severe
encephalopathy (47.5%), moderate/severe ascites (44.3%), or variceal bleeding (25.7%)
on admission, with median MELD score of 23.3 and Child-Pugh Score of 10.2 (C). 119
patients (27.3%) died in the hospital. The median ICU length of stay was 2.6 (25th, 75th
percentiles: 1.4, 5.2) d and the median hospital length of stay was 8.7 (4.7, 16.8) d.

Factors associated with in-hospital mortality
Table 1 summarizes univariable comparisons of subjects who died and those who
were discharged alive. There was no significant difference in patient age, gender,
ethnicity, etiology of liver disease or co-morbidities between survivors and nonsurvivors. Survivors had lower MELD (20.3 vs 31.1) and Child-Pugh (10.3 vs 11.9)
scores. Variceal hemorrhage (P = 0.26), presence/grade of hepatic encephalopathy (P
= 0.43), and presence/degree of ascites (P = 0.85) were not predictive of in-hospital
mortality.
Patients who died in the hospital were more likely to require mechanical
ventilation (49.6% vs 35%, P = 0.005) and dialysis (12.6% vs 6.3%, P = 0.031) on
admission to the ICU than patients who survived. Patients who did not survive
hospitalization had significantly lower mean arterial pressure (MAP), temperature
and Glasgow coma scale (P < 0.001). Additionally, non-survivors were more likely to
have lower hematocrit and bicarbonate, as well as higher WBC, A-a gradient, lactate,
PT/International normalized ratio, potassium, blood urea nitrogen, creatinine, and
bilirubin (P < 0.001). There was no significant difference in serum sodium or albumin
levels between survivors and non-survivors (P = 0.81 and 0.57, respectively).
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Table 1 Training cohort: Patient characteristics and univariate analysis of factors associated with In-hospital mortality
Total (n = 436)

Discharged alive (n = 317)

Factor

In-hospital death (n =
119)

n

Summary

n

Summary

n

Summary

Age (yr)

436

57.0 ± 10.6

317

57.5 ± 10.3

119

55.5 ± 11.3

Gender

436

Female

317
151 (34.6)

Male

285 (65.4)

Ethnicity

39 (32.8)

205 (64.7)

420

80 (67.2)

308

< 0.413

112

White/Caucasian

340 (81.0)

254 (82.5)

86 (76.8)

Black/African/Haitian

60 (14.3)

41 (13.3)

19 (17.0)

Other

20 (4.8)

< 0.0811
< 0.623

119
112 (35.3)

P value

13 (4.2)

7 (6.3)

436

13 (3.0)

317

6 (1.9)

119

7 (5.9)

< 0.0293

Diabetes

436

129 (29.6)

317

100 (31.5)

119

29 (24.4)

< 0.143

COPD

436

61 (14.0)

317

49 (15.5)

119

12 (10.1)

< 0.153

Severe COPD

436

12 (2.8)

317

10 (3.2)

119

2 (1.7)

< 0.403

Solid tumor with metastasis

436

3 (0.69)

317

1 (0.32)

119

2 (1.7)

< 0.182

Immune suppression

436

21 (4.8)

317

16 (5.0)

119

5 (4.2)

< 0.713

Mechanical ventilation

436

170 (39.0)

317

111 (35.0)

119

59 (49.6)

< 0.0053

Dialysis > 2 times in 7 d

436

35 (8.0)

317

20 (6.3)

119

15 (12.6)

< 0.0313

AIAT

436

9 (2.1)

317

8 (2.5)

119

1 (0.84)

< 0.273

AIH

436

17 (3.9)

317

11 (3.5)

119

6 (5.0)

< 0.453

ALD

436

197 (45.2)

317

138 (43.5)

119

59 (49.6)

< 0.263

Cryptogenic

436

25 (5.7)

317

21 (6.6)

119

4 (3.4)

< 0.193

HCV

436

147 (33.7)

317

102 (32.2)

119

45 (37.8)

< 0.273

HBV

436

9 (2.1)

317

5 (1.6)

119

4 (3.4)

< 0.243

NASH

436

96 (22.0)

317

75 (23.7)

119

21 (17.6)

< 0.183

PBC

436

6 (1.4)

317

5 (1.6)

119

1 (0.84)

< 0.994

PSC

436

2 (0.46)

317

2 (0.63)

119

0 (0.0)

< 0.994

24-hour urine output (cc)

400

1005.2 (454.8, 1589.8)

295

1090.0 (633.3, 1726.6)

105

563.8 (105.6, 1210.9)

< 0.0012

Variceal bleed

436

112 (25.7)

317

86 (27.1)

119

26 (21.8)

< 0.263

Vasopressors on day of admission

436

Any previous ICU stay during same admission
Comorbidities

Liver disease etiology

317

< 0.0012

119

0

208 (47.7)

170 (53.6)

38 (31.9)

1

175 (40.1)

126 (39.7)

49 (41.2)

≥2

53 (12.12)

Encephalopathy

21 (6.63)

436

32 (26.9)

317

< 0.432

119

None

106 (24.3)

81 (25.6)

25 (21.0)

Mild

123 (28.2)

88 (27.8)

35 (29.4)

Moderate/severe

207 (47.5)

Ascites

148 (46.7)

436

59 (49.6)

317

< 0.0852

119

None

114 (26.1)

86 (27.1)

28 (23.5)

Mild

129 (29.6)

100 (31.5)

29 (24.4)

Moderate/severe

193 (44.3)

131 (41.3)

62 (52.1)

Labs and vitals
Platelets (k/μL)

436

81.0 (56.5, 117.5)

317

83.0 (60.0, 117.0)

119

73.0 (49.0, 119.0)

< 0.212

Prothrombin time (sec)

436

16.8 (14.2, 20.7)

317

15.6 (13.7, 18.0)

119

21.4 (18.3, 27.8)

< 0.0012

INR

436

1.5 (1.3, 1.9)

317

1.4 (1.2, 1.6)

119

2.0 (1.7, 2.6)

< 0.0012

Lactate (mmol/L)

341

2.3 (1.6, 3.4)

230

2.1 (1.4, 2.7)

111

3.0 (2.1, 5.4)

< 0.0012

MAP (mmHg)

436

65.0 (56.0, 106.0)

317

68.0 (60.0, 109.0)

119

58.0 (50.0, 68.0)

< 0.0012

ABG-pH

263

7.4 ± 0.10

170

7.4 ± 0.08

93

7.3 ± 0.12

< 0.0011

ABG-PaCO2 (mmHg)

263

31.0 (27.0, 38.0)

170

31.0 (26.0, 37.0)

93

33.0 (27.0, 40.0)

< 0.0982

ABG-PaO2 (mmHg)

263

104.0 (80.0, 139.0)

170

113.0 (85.0, 147.0)

93

94.0 (76.0, 132.0)

< 0.0192
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ABG-FiO2 (%)

263

40.0 (27.0, 55.0)

170

40.0 (25.0, 50.0)

93

44.0 (30.0, 70.0)

< 0.0082

PaO2/FIO2 ratio

263

309.5 (195.0, 390.5)

170

337.5 (226.0, 426.7)

93

252.5 (143.0, 347.4)

< 0.0012

PAO2 (mmHg)

263

240.2 (151.0, 346.2)

171

231.5 (143.3, 324.0)

93

264.0 (168.4, 471.6)

< 0.0082

A-a gradient (mmHg)

263

119.8 (47.4, 233.9)

171

100.2 (38.6, 204.3)

93

166.7 (59.5, 319.6)

< 0.0012

Temperature (°C)

436

36.5 (36.2, 36.8)

317

36.5 (36.3, 36.8)

119

36.3 (35.4, 36.6)

< 0.0012

GCS

436

13.0 (8.0,14.0)

317

13.0(9.0,15.0)

119

11.0 (7.0, 14.0)

< 0.0012

Respiratory rate (rpm)

436

33.0 (26.0, 40.0)

317

33.0 (25.0, 39.0)

119

36.0 (27.0, 43.0)

< 0.0522

Heart rate (bpm)

436

92.8 ± 28.1

317

91.8 ± 25.7

119

95.5 ± 33.6

< 0.211

Hematocrit (%)

436

26.6 ± 5.9

317

27.1 ± 5.7

119

25.3 ± 6.2

< 0.0051

WBC (k/μL)

436

7.5 (5.0, 11.4)

317

6.6 (4.6, 9.8)

119

10.7 (6.6, 17.7)

< 0.0012

Potassium (mmol/L)

436

4.0 (3.6, 4.8)

317

3.9 (3.5, 4.6)

119

4.4 (3.8, 5.1)

< 0.0012

BUN (mg/dL)

436

35.0 (21.0, 55.5)

317

32.0 (20.0, 51.0)

119

46.0 (28.0, 66.0)

< 0.0012

Albumin (g/dL)

436

2.7 (2.2, 3.1)

317

2.7 (2.3, 3.1)

119

2.7 (2.2, 3.3)

< 0.572

Sodium (mmol/L)

436

136.6 ± 6.8

317

136.6 ± 6.6

119

136.4 ± 7.3

< 0.811

Creatinine (mg/dL)

436

1.6 (0.89, 2.8)

317

1.4 (0.80, 2.4)

119

2.2 (1.4, 3.5)

< 0.0012

Bilirubin (mg/dL)

435

4.2 (2.0, 10.4)

316

3.3 (1.7, 6.2)

119

11.7 (5.6, 25.9)

< 0.0012

Bicarbonate (mmol/L)

424

19.3 ± 5.4

310

19.9 ± 4.9

114

17.7 ± 6.3

< 0.0011

Glucose (mg/dL)

430

152.6 ± 90.3

314

153.9 ± 94.0

116

149.1 ± 79.8

< 0.631

MELD score

435

23.2 ± 9.8

316

20.3 ± 8.3

119

31.1 ± 8.9

< 0.0011

MELD-Na score

435

24.8 ± 9.2

316

22.1 ± 8.1

119

32.0 ± 8.1

< 0.0011

Child-Pugh score

435

10.8 ± 2.1

316

10.3 ± 2.1

119

11.9 ± 1.8

< 0.0011

SOFA score

263

10.2 ± 3.5

170

9.0 ± 2.9

93

12.4 ± 3.4

< 0.0011

CLIF-SOFA score

262

11.2 ± 3.5

169

9.9 ± 3.0

93

13.5 ± 3.2

< 0.0011

RFH score

259

0.05 (-0.77, 1.1)

167

-0.30 (-0.99, 0.59)

92

0.96 (0.08, 2.1)

< 0.0012

APS

435

65.6 ± 28.4

317

58.0 ± 22.1

118

86.2 ± 32.8

< 0.0011

APACHE III score

435

85.1 ± 28.3

317

77.7 ± 23.1

118

105.0 ± 31.5

< 0.0011

Scores

Values presented as Mean ± SD, Median (P25, P75) or n (column %). P values:
1
ANOVA.
2
Kruskal-Wallis test.
3
Pearson’s χ2 test.
4
Fisher’s Exact test. ICU: Intensive care unit; COPD: Chronic obstructive pulmonary disease; A1AT: Alpha 1 anti-trypsin deficiency; AIH: Autoimmune
hepatitis; ALD: Alcoholic liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NASH: Non-alcoholic steatohepatitis; PBC: Primary biliary
cholangitis; PSC: Primary sclerosing cholangitis; INR: International normalized ratio; MAP: Mean arterial pressure; ABG: Arterial blood gas; PaCO2: Partial
arterial pressure of carbon dioxide; PaO2: Oxygen; FiO2: Inspired oxygen concentration; A-a gradient: Alveolar arterial partial pressure oxygen gradient;
FiO2/PaO2: Oxygenation index; GCS: Glascow coma scale; rpm: Respirations per minute; bpm: Beats per minute; WBC: White blood cell count; BUN:
Blood urea nitrogen; MELD: Model for end-stage liver disease; Na: Sodium; CPS: Child-Pugh score; SOFA: Sequential (or sepsis-related) organ failure
assessment; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment; RFH: Royal free hospital; APS: Acute physiology score; APACHE: Acute
physiology and chronic health evaluation.

In multivariate analysis, a combination of the natural logarithm (ln) of the bilirubin,
PT, WBC, and MAP was found to most accurately predict in-hospital mortality. Based
on the regression coefficients of the independent variables (Table 2), a novel model to
predict inpatient mortality was established. The final proposed model was defined as:
z = 1.19330 + [0.6137 × ln (bilirubin)] – (47.203/PT) + (0.0715 × WBC) – (0.0198 × MAP).
The z value is subsequently converted into a risk score to calculate probability of
mortality utilizing the formula: LIV-4 = Probability of death (%) = [ez/(1 + ez)] × 100.
Percentage values range from 0 to 100.
The Hosmer-Lemeshow goodness-of-fit X2 test was 5.4 (P = 0.72) and the AUROC
for this model was 0.86 (95%CI: 0.82-0.90). Using bootstrap resampling, internal
validation of the model was undertaken and produced an AUROC of 0.85. Based on
Youden's index [31] and using a cutoff of 26.5, the new score performed with a
sensitivity of 81%, specificity of 76%, Positive Predictive Value of 58%, and Negative
Predictive Value of 92%. Alternatively, a cutoff of 45.8 yields a sensitivity of 61% and
specificity of 90%.

Comparison of prognostic models
Several scores demonstrated excellent accuracy for prediction of in-hospital mortality.
The CLIF-SOFA and MELD scores, both liver-specific models, performed the best in
the cohort with AUROCs of 0.81. The RFH score performed with an AUROC of 0.77.
By comparison, ICU-specific scores, including the SOFA, APS and APACHE III
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Table 2 Training cohort: Factors associated with in-hospital mortality: multivariate logistic
regression with variable transformations
Factor

Estimate (95%CI)

OR (95%CI)

P value

Ln (Bilirubin)

0.61 (0.34, 0.89)

1.8 (1.4, 2.4)

< 0.001

1/PT

-47.2 (-67.3, -27.1)

0.09 (0.03, 0.26)1

< 0.001

WBC

0.07 (0.03, 0.11)

1.07 (1.03, 1.1)

< 0.001

MAP

-0.02 (-0.03, -0.01)

0.91 (0.86, 0.96)2

< 0.001

1

OR corresponds to 0.05 increment in 1/PT.
OR corresponds to 5-unit increment in MAP. Ln: Natural logarithm; OR: Odds ratio; CI: Confidence interval;
PT: Prothrombin time; WBC: White blood cell count; MAP: Mean arterial pressure.
2

performed with AUROCs of 0.79, 0.76, and 0.76, respectively. The liver intensive care
unit variable-4 score (the LIV-4 score) performed higher than all other models, with
an AUROC of 0.86. Figure 1 displays AUROCs of the top-performing scores. DeLong
et al[30]s method was employed to compare the predictive ability of the new model to
that of the other scores. The LIV-4 score performed significantly better than the
MELD, MELD-Na, Child-Pugh Score, RFH and APACHE III scores (Table 3).

Validation cohort
Table 4 presents a comparison of the training and validation cohort characteristics. A
total of 336 cirrhotic patients were admitted between 2015-2017, of whom 107 (31.8%)
died. Patients in the internal validation cohort were substantially sicker, as evidenced
by higher MELD, MELD-Na, APACHE III, SOFA and LIV-4 scores. Despite
differences between the cohorts, the LIV-4 score remained significantly higher in
subjects who expired during the hospital stay (Figure 2) and exhibited good
prognostic values in the validation cohort with an AUROC of 0.80 (Figure 3). There
was no statistically significant difference between the LIV-4 score's AUROC from the
training cohort and the validation cohort (P = 0.11). In the validation cohort, the SOFA
score performed with an AUROC of 0.78, the APACHE III with an AUROC of 0.74,
the MELD score with an AUROC of 0.80, the MELD-Na with an AUROC of 0.79, the
CLIF-SOFA with an AUROC of 0.83, and the RFH with an AUROC of 0.64. The LIV-4
model performed with a significantly higher AUROC than the RFH [AUROC: 0.64
(0.56, 0.72)], and was non-inferior to other ICU- and liver-specific scores (Table 5).
Using a cutoff of 26.5, LIV-4 continued to perform with a high negative predictive
value of 89.1 (84.6, 93.6) (Table 6).

DISCUSSION
Our new model, the LIV-4 score, is calculated based on objective variables typically
available at the time of ICU admission in patients with liver disease: The MAP, WBC,
bilirubin, and PT. This combination of variables reflects hepatic and extra-hepatic
(circulatory and immune) dysfunction, which are validated risk factors for mortality
in patients with cirrhosis[32-34]. This score performed better in our training cohort as a
predictor for short-term mortality than other ICU- and liver-specific models,
including the SOFA, CLIF-SOFA, and RFH scores, with excellent discriminative
ability and calibration. In our validation cohort, it performed better than the RFH and
was non-inferior to all others. In addition, the LIV-4 provides a survival probability
score. This survival probability calculation may be useful for critical care, hepatology
and surgical specialists when addressing goals and expectations of critical care with
patients and their families. The APACHE methodology, APS, and SOFA were
developed to assess the clinical course and predict survival of all-comers admitted to
the ICU[9-11]. Liver-specific scores, such as the Child-Pugh Score, MELD, MELD-Na
and CLIF-SOFA are used to grade severity of liver disease, predict 90-day mortality,
allocate organs for transplantation, and define acute-on-chronic liver failure[1,12-15].
Liver-specific scores have been extrapolated for use as predictive models for mortality
in the ICU, but have not performed better than ICU-specific scores[17-25]. In our study,
the MELD and the CLIF-SOFA scores (both liver-specific scores and both with
AUROCs of 0.81), performed better than ICU-specific scores, including the SOFA,
APACHE III, and APS scores (AUROCs of 0.79, 0.76, 0.76, respectively). We postulate
that the differences in our observations relate to critical care trends over time, with
associated improved survival and lower event-deaths in more recent years. Our
model was formulated in a more contemporary cohort than previous models and was
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Figure 1

Figure 1 Training cohort: Predictive scores for in-hospital mortality in cirrhotic patients. LIV-4: LIV-4 score;
MELD: Model for end-stage liver disease; MELD-Na: Model for end-stage liver disease-Sodium; CLIF-SOFA: Chronic
liver failure-sequential organ failure assessment.

subsequently prospectively validated, with objective variables that more accurately
reflect current critical care challenges in the approach to the cirrhotic patient-most
notably circulatory/ adrenocortical dysfunction and infection/inflammation[32-35].
Variable mortality trends with time were also observed in the development of the
updated RFH score[19]. Our mortality rates of 27.3% between 2008-2014 and 31.8%
between 2015-2017 are similar to that of a comparable cohort from the Royal Free
Hospital (2009-2012; 35.4%) [19] , as well as the cohort of patients described in the
development of the CLIF-SOFA score (2011; 29.7% in patients with acute-on-chronic
liver failure)[1].
The RFH score is a liver-specific ICU score that has been previously externally
validated in several centers in Scotland[26]. Our study is the first in the United States to
validate the updated RFH score, which performed in our cohort with an AUROC of
0.77. However, we found that the RFH score was limited in its generalizability as
lactate and A-a gradient were not universally available on admission in our cohort.
Lactate has been shown to be an independent predictor of mortality in cirrhotic
patients[18,19,26,27,36,37] and in patients with acute liver failure[38] admitted to the ICU.
However, lactate clearance has also been shown to be impaired by liver and extrahepatic organ dysfunction, as evidenced by decreased clearance with increasing LSOFA score[39], which suggests that lactate levels may not be reliable in cirrhotic
patients. Similarly, arterial blood gas analysis and calculation of the A-a gradient is
more likely to be collected in patients with respiratory failure necessitating
mechanical ventilation, and is not universally available in patients admitted to the
ICU as the precise FiO2 is often unknown. Finally, variceal hemorrhage as a reason for
admission to the ICU was not an independent predictor of in-hospital mortality in our
cohort. For these reasons, in an effort to create a widely applicable score for all
cirrhotic patients admitted to the ICU, we did not include lactate, arterial blood gas
analysis, or variceal hemorrhage in our new prognostic model. The LIV-4 performs
with better discrimination and calibration in all patients with cirrhosis admitted to
our ICU, independent of variceal hemorrhage, presence/grade of encephalopathy,
and presence/degree of ascites.
In terms of limitations, patients were identified from the prospectively developed
ICU APACHE IVb database and data was collected retrospectively. It is possible that
all consecutive patients with cirrhosis were not captured with our retrospective
methodology as a consequence of coding error, or if cirrhosis was not recognized as a
pre-existing chronic health condition on admission to ICU. While internal prospective
validation at our center suggests that the LIV-4 score will be widely applicable, we
advocate for external, prospective analyses to be undertaken across diverse ICU
settings in an effort to validate the clinical applicability of the score. Finally, it is
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Table 3 Training cohort: Predictive abilities of critical care and liver-specific scores compared to
the LIV-4 score
Score compared to LIV-4

P value

MELD

0.009

MELD-Na

0.002

Child-Pugh Score

< 0.001

SOFA

0.061

CLIF-SOFA

0.091

RFH

0.04

APS

0.001

APACHE III

0.002

MELD: Model for end-stage liver disease; Na: Sodium; SOFA: Sequential (or Sepsis-Related) organ failure
assessment; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment; RFH: Royal free hospital;
APS: Simplified acute physiology score; APACHE: Acute physiology and chronic health evaluation.

important to recognize that, much as the APACHE scoring system has evolved to
reflect progressive trends in the practice of critical care medicine, temporal study for
re-calibration of LIV-4 will be necessary.
Patients with cirrhosis admitted to the ICU present unique clinical challenges for
the clinician, and are best managed by a multidisciplinary team, comprised of
specialists in both critical care and hepatology [8] . Prognostication of short-term
survival is important in order to identify patients at highest risk for mortality in terms
of allocation of resources, studies and interventions. We report the development and
prospective validation of a new prognostic model for the prediction of inpatient
transplant-free survival in a contemporary cohort of cirrhotic patients admitted to the
ICU. This tool can be easily accessed online at http://riskcalc.org:3838/LIV-4/. If
external validation is undertaken, the LIV-4 score could become a standard clinical
tool in the ICU and maybe used as a means of stratifying critically ill patients with
cirrhosis in clinical and translational research studies.
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Table 4 Validation cohort characteristics
Training cohort (n = 436)

Validation cohort A (n = 336)

n

n

Factor

P value

Gender

Statistics

436

Female

< 0.0302

336
151 (34.6)

Male

Statistics

142 (42.3)

285 (65.4)

194 (57.7)

Serum bilirubin

435

4.2 (2.0, 10.4)

336

5.0 (2.0, 13.5)

< 0.261

PT

436

16.8 (14.2, 20.7)

336

18.0 (14.8, 23.5)

< 0.0031

WBC

436

7.5 (5.0, 11.4)

336

8.3 (5.0, 14.0)

< 0.0401

MAP

436

65.0 (56.0, 106.0)

336

64.0 (56.0, 75.0)

< 0.261

APACHE III

435

83.0 (65.0, 102.0)

333

88.0 (70.0, 109.0)

< 0.0061

SOFA

263

10.0 (8.0, 12.0)

186

11.0 (8.0, 14.0)

< 0.0031

MELD

435

22.0 (16.0, 30.0)

336

25.0 (17.0, 33.0)

< 0.0041

MELD-Na

435

24.0 (18.0, 31.0)

336

27.0 (20.0, 34.0)

< 0.0061

CLIF-SOFA

262

11.0 (9.0, 13.0)

336

11.0 (9.0, 13.0)

< 0.531

RFH

259

0.05 (-0.77, 1.1)

184

0.83 (-0.18, 2.1)

< 0.0011

LIV-4

435

16.8 (5.7, 43.6)

336

23.0 (7.1, 57.7)

< 0.0071

ICU LOS (d)

436

2.6 (1.4, 5.2)

336

3.7 (2.0, 7.6)

< 0.0011

Hospital LOS (d)

436

8.7 (4.7, 16.8)

336

11.7 (5.7, 22.0)

< 0.0021

Hospital discharge status

436

Non-liver specific scores

Liver specific scores

Admission outcomes

< 0.172

336

Discharged alive

317 (72.7)

229 (68.2)

In-hospital death

119 (27.3)

107 (31.8)

1

Kruskal-Wallis test.
Pearson’s χ2 test. PT: Prothrombin time; WBC: White blood cell count; MAP: Mean Arterial Pressure; APACHE: Acute physiology and chronic health
evaluation; SOFA: Sequential (or Sepsis-related) organ failure assessment; MELD: Model for end-stage liver disease; Na: Sodium; CLIF-SOFA: Chronic
liver failure-sequential organ failure assessment; RFH: Royal Free Hospital; LOS: Length of stay.
2

Table 5 Validation cohort: Comparison of the various scores and LIV-4
Score comparison

Validation cohort P value

MELD vs LIV-4

< 0.75

MELD-Na vs LIV-4

< 0.47

SOFA vs LIV-4

< 0.94

CLIF-SOFA vs LIV-4

< 0.27

RFH vs LIV-4

< 0.001

APACHE III vs LIV-4

< 0.074

Areas under the ROC curves were compared using De-Long’s method. MELD: Model for end-stage liver disease; Na: Sodium; SOFA: Sequential (or Sepsisrelated) organ failure assessment; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment; RFH: Royal Free Hospital; APACHE: Acute
physiology and chronic health evaluation; ROC: Receiver operator characteristics.

Table 6 Validity measures for LIV-4
Cohort

Measure

LIV-4 ≥ 26.5

LIV-4 ≥ 45.8

Validation Cohort

Sensitivity

81.3 (73.9, 88.7)

61.7 (52.5, 70.9)

Specificity

71.2 (65.3, 77.0)

83.4 (78.6, 88.2)

PPV

56.9 (49.0, 64.7)

63.5 (54.2, 72.7)

NPV

89.1 (84.6, 93.6)

82.3 (77.4, 87.2)

Values presented as estimate (95%CI). PPV: Positive predictive value; NPV: Negative predictive value; CI: Confidence Interval.
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Figure 2

Figure 2 LIV-4 score is higher in subjects who expired during the hospital admission. The box-and-whisker plot is represented by the lower boundary of the box
indicating the 25th percentile, the line within the box indicating the median value, the upper boundary of the box indicating the 75th percentile. The whiskers extend to
the most extreme data point, which is no more than 1.5 times the interquartile range from the box, and the circles are outliers (values > 1.5 interquartile range).
Figure 3

Figure 3 Validation cohort: Predictive scores for in-hospital mortality in cirrhotic patients. LIV-4: LIV-4 score; MELD: Model for end-stage liver disease; MELDNa: Model for end-stage liver disease-Sodium; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment.

ARTICLE HIGHLIGHTS
Research background
Critically ill patients with cirrhosis have higher mortality rates in the intensive care unit (ICU)
than patients without chronic liver disease. Prognostication of short-term mortality is important
in order to identify patients at highest risk of death. None of the currently available prognostic
models have been widely accepted for use in cirrhotic patients in the ICU, perhaps due to
complexity of calculation, or lack of universal variables readily available for these patients.
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We believe a simple and widely applicable survival model can be developed, to guide
therapeutic decision-making and contribute to cost-effective healthcare resource utilization.

Research objectives
To identify clinical and laboratory markers universally available at the time of ICU admission
that best identify the likelihood of transplant-free survival in critically ill patients with cirrhosis.

Research methods
A new predictive model (the LIV-4 score) was developed retrospectively using logistic
regression analysis from a large cohort of critically ill patients with cirrhosis admitted to a
quaternary care liver transplant center ICU and was prospectively validated in a cohort of
patients admitted to the same institution.

Research results
Our validated model for predicting mortality in cirrhotic patients on admission to the ICU
performs better than previously published liver and ICU-specific scores.

Research conclusions
LIV-4 could become a standard clinical tool for patients with advanced liver disease in the ICU
and could be used as a means of stratifying critically ill cirrhotic patients in clinical research
studies.

Research perspectives
Survival modeling is an important tool for therapeutic decision-making as well as for research
study design. The LIV-4 score was designed and validated prospectively in a single-center
cohort. External, prospective validation is needed to determine widespread applicability and
utility of the model.
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Abstract
BACKGROUND
Low phospholipid-associated cholelithiasis (LPAC) syndrome is a very particular
form of biliary lithiasis with no excess of cholesterol secretion into bile, but a
decrease in phosphatidylcholine secretion, which is responsible for stones
forming not only in the gallbladder, but also in the liver. LPAC syndrome may be
underreported due to a lack of testing resulting from insufficient awareness
among clinicians.
AIM
To describe the clinical and radiological characteristics of patients with LPAC
syndrome to better identify and diagnose the disease.
METHODS
We prospectively evaluated all patients aged over 18 years old who were
consulted or hospitalized in two hospitals in Paris, France (Bichat University
Hospital and Croix-Saint-Simon Hospital) between January 1, 2017 and August
31, 2018. All patients whose profiles led to a clinical suspicion of LPAC syndrome
underwent a liver ultrasound examination performed by an experienced
radiologist to confirm the diagnosis of LPAC syndrome. Twenty-four patients
were selected. Data about the patients’ general characteristics, their medical
history, their symptoms, and their blood tests results were collected during both
their initial hospitalization and follow-up. Cytolysis and cholestasis were
expressed compared to the normal values (N) of serum aspartate and alanine
transaminase activities, and to the normal value of alkaline phosphatase level,
respectively. The subjects were systematically reevaluated and asked about their
symptoms 6 mo after inclusion in the study through an in-person medical
appointment or phone call. Genetic testing was not performed systematically, but
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according to the decision of each physician.
RESULTS
Most patients were young (median age of 37 years), male (58%), and not
overweight (median body mass index was 24). Many had a personal history of
acute pancreatitis (54%) or cholecystectomy (42%), and a family history of
gallstones in first-degree relatives (30%). LPAC syndrome was identified
primarily in patients with recurring biliary pain (88%) or after a new episode of
acute pancreatitis (38%). When present, cytolysis and cholestasis were not severe
(2.8N and 1.7N, respectively) and disappeared quickly. Interestingly, four
patients from the same family were diagnosed with LPAC syndrome. At
ultrasound examination, the most frequent findings in intrahepatic bile ducts
were comet-tail artifacts (96%), microlithiasis (83%), and acoustic shadows (71%).
Computed tomography scans and magnetic resonance imaging were performed
on 15 and three patients, respectively, but microlithiasis was not detected.
Complications of LPAC syndrome required hospitalizing 18 patients (75%) in a
conventional care unit for a mean duration of 6.8 d. None of them died.
Treatment with ursodeoxycholic acid (UDCA) was effective and well-tolerated in
almost all patients (94%) with a rapid onset of action (3.4 wk). Twelve patients’
(67%) adherence to UDCA treatment was considered “good.” Five patients (36%)
underwent cholecystectomy (three of them were treated both by UDCA and
cholecystectomy). Despite UDCA efficacy, biliary pain recurred in five patients
(28%), three of whom adhered well to treatment guidelines.
CONCLUSION
LPAC syndrome is easy to diagnose and treat; therefore, it should no longer be
overlooked. To increase its detection rate, all patients who experience recurrent
biliary symptoms following an episode of acute pancreatitis should undergo an
ultrasound examination performed by a radiologist with knowledge of the
disease.
Key words: Low phospholipid-associated cholelithiasis syndrome; Acute pancreatitis;
Cholelithiasis; Echography; Ursodeoxycholic acid
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Low phospholipid-associated cholelithiasis (LPAC) syndrome is considered
rare, but it may be underreported due to a lack of testing resulting from insufficient
awareness among physicians, radiologists, and digestive surgeons. This study describes
the clinical and radiological characteristics of patients with LPAC syndrome, which
helps clinicians better diagnose and treat the disease. Diagnosis is easily made via
ultrasound imaging performed on patients with typical recurring biliary symptoms, and
medical treatment with ursodeoxycholic acid is rapidly effective and well-tolerated.
LPAC syndrome is straightforward to diagnose and treat; therefore, it should no longer
be overlooked.

Citation: Gille N, Karila-Cohen P, Goujon G, Konstantinou D, Rekik S, Bécheur H, Pelletier
AL. Low phospholipid-associated cholelithiasis syndrome: A rare cause of acute pancreatitis
that should not be neglected. World J Hepatol 2020; 12(6): 312-322
URL: https://www.wjgnet.com/1948-5182/full/v12/i6/312.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i6.312

INTRODUCTION
Low phospholipid-associated cholelithiasis (LPAC) syndrome is a very particular
form of biliary lithiasis that was first described by Rosmorduc et al[1] in 2001. Contrary
to what occurs in “common” cholelithiasis, there is no excess of cholesterol secretion
into bile in this syndrome, but a decrease in phosphatidylcholine secretion.
Phosphatidylcholine is the major phospholipid in human bile; i.e., it forms micelles to
solubilize cholesterol and permit its transportation. With a low phospholipid content,
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the bile is oversaturated with cholesterol crystals that precipitate to form microscopic
and macroscopic stones not only in the gallbladder but also in the liver[2]. A decrease
in phosphatidylcholine secretion is caused by a mutation of ATP-binding cassette,
subfamily B, member 4 (ABCB4) gene encoding the bile canalicular protein Multidrug
resistance 3 (MDR3), which is the phosphatidylcholine translocator across the
canalicular membrane of the hepatocyte[3].
The prevalence of LPAC syndrome has not been evaluated with precision, but it
affects around 5% of patients with symptomatic cholelithiasis[2]. Although only a few
studies have described patients with this disorder due to its rarity and its recent
discovery, several common characteristics have been identified. LPAC syndrome
usually manifests through biliary symptoms or complications (e.g., biliary pain, acute
pancreatitis, cholecystitis, or cholangitis) that occur in young patients who are not
overweight. These symptoms often recur after cholecystectomy. Moreover, patients
frequently report a family history of cholelithiasis, or a personal history of
intrahepatic cholestasis of pregnancy in women[3].
Ultrasound examination of the liver is essential for diagnosis because it can reveal
intrahepatic stones, which appear as heterogeneous and echoic foci with acoustic
shadows centered on the intrahepatic ducts, intrahepatic microlithiasis, or comet-tail
artifacts due to ultrasound reverberation[4].
Although the reason behind its efficacy is not completely understood, treatment
with ursodeoxycholic acid (UDCA) seems to diminish symptoms of LPAC syndrome
in the majority of cases[1,3,5]. Such treatment is typically carried out on a long-term
basis, but it remains unclear whether the therapy should be administered throughout
a patient’s entire life. Improving the understanding of this syndrome will facilitate the
screening and treatment of patients.
LPAC syndrome may be underreported due to a lack of testing resulting from
insufficient awareness among physicians, radiologists, and digestive surgeons. The
aim of this study was to describe the clinical and radiological characteristics of
patients with LPAC syndrome to better identify and diagnose the disease.

MATERIALS AND METHODS
Patients
We prospectively evaluated all patients aged over 18 years old who were consulted or
hospitalized in two hospitals in Paris, France (Bichat University Hospital and CroixSaint-Simon Hospital) between January 1, 2017 and August 31, 2018. All patients
whose profiles led to a clinical suspicion of LPAC syndrome underwent a liver
ultrasound examination performed by an experienced radiologist to confirm the
diagnosis of LPAC syndrome.
Patients were excluded from the study if they had an acute pancreatitis with any
other etiology, if they suffered from chronic alcoholism or, if at the ultrasound
examination, their liver was dysmorphic or had massive steatosis.
Informed consent was obtained from all subjects.

Data acquisition
Data about the patients’ general characteristics, their medical history, their symptoms,
and their blood tests results, were collected during both their initial hospitalization
and follow-up. Cytolysis and cholestasis were expressed compared to the normal
values (N) of serum aspartate and alanine transaminase activities, and to the normal
value of alkaline phosphatase level, respectively.
LPAC syndrome was suspected when at least one of the following features was
present: The onset of biliary pain before the age of 30 years; biliary pain recurring
after cholecystectomy; a personal history of acute pancreatitis with unknown etiology;
a personal history of pregnancy cholestasis; or a family history of gallstones before the
age of 30 years in first-degree relatives.
The diagnosis was made by ultrasound examination when the following findings
were detected in the intrahepatic bile ducts: Hyperechoic foci in the form of comet-tail
artifacts, microlithiasis, or stones with acoustic shadows.
Radiological features during ultrasound examinations were interpreted and
reported by a skilled radiologist who was familiar with LPAC syndrome. All
ultrasound examinations were performed using an Aplio 500 ultrasound machine
with a 3.5 MHz transducer (Toshiba, Tokyo, Japan).

Follow-up
The subjects were systematically reevaluated and asked about their symptoms 6
months after inclusion in the study through an in-person medical appointment or
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phone call. Follow-up was based on clinical evaluation and not on ultrasound
examination. The efficacy of UDCA treatment was defined as the complete
disappearance or a significant decrease of biliary pain intensity or frequency.
Intolerance to UDCA treatment was defined as the occurrence of side effects that
required either stopping treatment or lowering dosage. Patients’ adherence to UDCA
treatment was considered “good” when taking the medication at least six days per
week. Adherence was defined as “poor” when patients missed more than one day of
medication per week, or if they stopped taking it without having been requested by
their physician.

Genetic testing
Genetic testing was not performed systematically, but according to the decision of
each physician, and written consent was obtained from all patients involved. EDTA
whole-blood samples were sent to the genetic laboratory of Saint-Antoine Hospital in
Paris. Molecular analysis was performed by sequencing the coding exons and the
adjacent intron junctions of all the genes implicated in hereditary cholelithiasis. These
genes were ABCB4/MDR3 (NM_00043), ABCB11/BSEP (NM_003742), ATP8B1/FIC1
(NM_005603), ABCC2/MRP2 (NM_000392), NR1H4/FXR (NM_005123), ABCG5/ABCG5
(NM_022436), ABCG8/ABCG8 (NM_022437), SLC4A2/AE2 (NM_003040),
GPBAR1/TGR5 (NM_001077191), and AQP8 (NM_001169). DNA was amplified with
primers specific for the coding exons and their intron boundaries. Sequencing was
performed by capture (NimbleGen; Roche, Basel, Switzerland) and next-generation
sequencing (MiSeq; Illumina, San Diego, CA, United States), and the results were
analyzed with SOPHiA DMM software (SOPHiA Genetics, Boston, MA, United
States). When gene variants were detected, results were confirmed on polymerase
chain reaction products using the Sanger sequencing technique.

Statistical analysis
Quantitative variables were expressed as means ± standard deviation (SD) and
qualitative variables were expressed as n (%).

RESULTS
Patients’ characteristics at diagnosis
Twenty-four patients prospectively seen in the two hospitals between January 1, 2017
and August 31, 2018 had both clinical and radiological signs of LPAC syndrome, met
none of the exclusion criteria, and were thus included in the study. The characteristics
of the 24 patients are presented in Table 1.
Patients with LPAC syndrome were for the most part young with a median age of
37 years, mostly male (58%), and not overweight [median body mass index (BMI) was
24]. Many had a medical history of acute pancreatitis (54%) and cholecystectomy
(42%). Interestingly, a family history of gallstones in first-degree relatives was
frequent (30%). None of the female patients were pregnant, had a history of
cholestasis of pregnancy, or were treated by estrogen therapy.
LPAC syndrome was identified primarily in patients who experienced recurring
biliary pain (88%). Only three patients (12%) had no symptoms (they had an
ultrasound examination due to a family history of LPAC syndrome). Acute
pancreatitis was the most frequent complication that led to the identification of the
disease, occurring in nine cases (38%) vs two cases (14%) of acute cholecystitis and
only one case (4%) of acute cholangitis. Liver function was not altered; we observed
cytolysis and cholestasis in 13 patients (57%). When present, cytolysis and cholestasis
were not severe (2.8N and 1.7N, respectively) and disappeared quickly, as only four
of 19 patients (21%) still had cytolysis and cholestasis when the ultrasound
examinations were performed.
Genetic testing was performed on seven patients, none of which had a mutation in
the ABCB4/MDR3 gene.
Interestingly, four patients from the same family were diagnosed with LPAC
syndrome. Their family tree is presented in Figure 1.
Patient 1 was the father of Patients 2 and 3. He had a medical history of several
episodes of acute pancreatitis, cholecystitis, and cholangitis, and underwent
cholecystectomy. LPAC syndrome was diagnosed after the occurrence of a new
episode of acute pancreatitis. Patients 2 and 3 had no significant medical history or
symptoms and underwent ultrasound examinations because of their father’s
diagnosis. Patient 4 was the daughter of Patient 1’s brother. She complained of
recurring biliary pain and the diagnosis was made by echography. An ultrasound
examination was not performed on Patient 4’s father; therefore, we cannot know if he
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Table 1 Patients’ characteristics at diagnosis
General characteristics
Median age (yr)

37 ± 11.8

(26–67)

n = 24

Gender: Male

14

(58)

n = 24

Median BMI (kg/m2)

24 ± 4.5

(18.9–34)

n = 24

Pregnancy at diagnosis

0

(0)

n = 10

Caucasian

12

(50)

Maghrebian

10

(42)

Asian

1

(4)

Sub-Saharan African

1

(4)

Acute pancreatitis

13

(54)

n = 24

Cholecystectomy

10

(42)

n = 24

Family history of cholelithiasis in first-degree relatives

7

(30)

n = 23

Acute cholecystitis

3

(13)

n = 24

Acute cholangitis

3

(13)

n = 24

Chronic pancreatitis

0

(0)

n = 24

Cholestasis of pregnancy

0

(0)

n = 10

Estrogen therapy

0

(0)

n = 10

Recurring pain

21

(88)

n = 24

Acute pancreatitis

9

(38)

n = 24

Acute cholecystitis

2

(14)

n = 14

Acute cholangitis

1

(4)

n = 24

Presence

13

(57)

Quantification (N)

2.8 ± 3.1

(0–10)

Presence

13

(57)

Quantification (N)

1.7 ± 2.0

(0–8)

Ethnicity

n = 24

Medical history

Existing medical conditions

Cytolysis

n = 23

Cholestasis

n = 23

Quantitative results: means ± SD. Qualitative results: n (%); BMI: Body mass index; N: Normal value.

had LPAC syndrome.
Genetic testing was only performed on Patient 1 who had a heterozygous missense
variant c.634G>A, p.Ala212Thr in the AQP8 gene. This mutation is not responsible for
LPAC syndrome, but it can increase the risk of developing biliary lithiasis.

Radiological features
The diagnosis of LPAC syndrome was made by ultrasound examination performed
by an experienced radiologist. The most frequent findings in intrahepatic bile ducts
were comet-tail artifacts in 23 patients (96%), microlithiasis in 20 patients (83%), and
acoustic shadows in 17 patients (71%). Stones were present only in three patients
(13%). Some of the ultrasound findings are presented in Figure 2.
Among patients who had no history of cholecystectomy, gallstones were detected
in six (43%), and gallbladder sludge was found in two (14%). Other associated
findings were less frequent. The detailed results of the ultrasound examinations are
presented in Table 2.
Computed tomography (CT) scans and magnetic resonance imaging (MRIs) were
performed on 15 and three patients, respectively, but microlithiasis was not detected.

Outcome
The mean follow-up time was 19.7 mo. Complications of LPAC syndrome required
hospitalizing 18 patients (75%) in a conventional care unit for a mean duration of 6.8
days. No patients needed to be hospitalized in an intensive care unit. Treatment with
UDCA was administered to 18 patients (75%). Among the six patients who were not
treated, three were asymptomatic and three refused to take the medication. Twelve
patients’ (67%) adherence to UDCA treatment was considered “good.” Five patients
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Figure 1

Figure 1 Family tree of four patients with low phospholipid-associated cholelithiasis syndrome. This family
tree represents four patients with low phospholipid-associated cholelithiasis syndrome. Circles and squares indicate
females and males, respectively. Clear symbols indicate unaffected individuals. Black symbols indicate affected
individuals.

(36%) underwent cholecystectomy (three of them were treated both by UDCA and
cholecystectomy). None of the 24 patients had to undergo a Roux-en-Y procedure.
These results are presented in Table 3.
Treatment with UDCA was effective in 17 patients (94%). The onset of action was
rapid (3.4 wk), and UDCA was well-tolerated: e.g., only two patients (11%)
experienced side effects (nausea and diarrhea) which required lowering their dosage.
No patients experienced side effects strong enough to completely stop the treatment.
Despite UDCA efficacy, biliary pain recurred in five patients (28%), three of whom
adhered well to treatment guidelines. Interestingly, among these five patients, four
had a genetic susceptibility that could contribute to the recurrence of symptoms.
These genetic mutations were not identified as those responsible for LPAC syndrome
but could be responsible for genetic cholelithiasis and pancreatitis. Each of the four
patients had one of the following mutations: A heterozygous mutation in the gene
ATP8B1, a homozygous missense mutation in the gene ABCB11/BSEP, a double
heterozygous mutation ΔF508/L967S in the CFTR gene, and a heterozygous missense
variant c.3220A>G, p.N1074D in the CASR gene.
No patients died.

DISCUSSION
Our original study prospectively evaluated 24 patients with LPAC syndrome. Our
work determined not only the patients’ characteristics, but also the symptoms and
clinical signs that should lead physicians to search for the syndrome, the radiological
features essential for diagnosis, and the treatment outcome.
Two limitations in our study should be highlighted: i.e., the relatively limited
number of patients included and the fact that genetic testing was not performed
systematically, which hinders the analysis of all possible mutations present.
The prevalence of LPAC syndrome has not been described precisely in the
literature, but it seems to be more frequent in our study than previously expected,
with 24 patients diagnosed in less than 2 years at two medium-size hospitals.
Contrary to “common” cholelithiasis, whose risk factors include being older,
overweight, or female[6], LPAC syndrome affects young patients with normal BMI.
Even if most patients in our study were male (58%), the literature shows that the
syndrome seems to occur more frequently among female patients, with a sex ratio
close to 3:1 [1,3,5,7] . In a study conducted by Condat et al [8] , LPAC syndrome was
responsible for 22% of cholelithiasis among women younger than 30 years old. In the
same study, the average age of female patients was 24.7 years, which is younger than
the average age observed among males (between 38 to 40 years in our study and in
the literature) [1,5] . Moreover, a previous study showed that the syndrome was
associated with a history of intrahepatic cholestasis of pregnancy[8]. These results
could be explained by the aggravating role of estrogen that inhibits phospholipid
excretion into bile [9] . As LPAC syndrome is associated with particular genetic
mutations, suspicion of the disease is strengthened in the case of a family history of
cholelithiasis (evident in 30% of the patients in our study).
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Figure 2

Figure 2 Ultrasound images of intrahepatic bile duct findings. Images courtesy of Dr. Karila-Cohen, Department
of Radiology, AP-HP Bichat University Hospital, Paris 75018, France. This figure presents some of the intrahepatic
bile duct findings detected via ultrasound imaging in our study. On the left: a comet-tail artifact. On the right: a stone
and an acoustic shadow. These unpublished images are owned and were provided by Dr. Karila-Cohen.

Most patients are symptomatic with typical biliary pain leading to cholecystectomy
in 90% of cases[3]. The recurrence of symptomatology after cholecystectomy is due to
intrahepatic lithiasis or lithiasis migration. Acute pancreatitis is a frequent
complication of LPAC syndrome, as shown by the fact that nearly half of our patients
had a personal history of acute pancreatitis or cholecystectomy, and more than onethird were diagnosed following a new episode of acute pancreatitis. Other
complications such as acute cholecystitis and acute cholangitis are less frequent
because most patients have already undergone cholecystectomy.
Ultrasound examination is of critical importance in the positive diagnosis of LPAC
syndrome and must be carried out and interpreted by a radiologist familiar with the
disease. The detection rate of signs of LPAC syndrome ranges from 5% if the
radiologist is not familiar with the disease to 90% for an experienced radiologist[10].
Comet-tail artifacts are the most common findings and must be distinguished from
pneumobilia (contrary to pneumobilia, comet-tail artifacts are not mobile[2]). CT scans
are inefficient for diagnosis because their ability to detect microlithiasis is lower than
that of echography. Biliary MRIs are usually normal[10]. Other investigations such as
echoendoscopy or liver biopsy are not relevant[11] and an analysis of bile composition
to detect low phospholipid concentration cannot be performed in clinical practice[3].
LPAC syndrome is associated with mutations of the ABCB4 gene located on
chromosome 7, locus 21 (7q21), which codes for protein MDR3[1,3]. Nevertheless, as
diagnosis is based on clinical and radiological criteria, we chose not to systematically
perform genetic testing in our study. Moreover, in the literature, mutations were
detected in only 50%–65% of the patients suffering from LPAC syndrome [2,3,7,12] .
Hypotheses to explain the low mutation detection rate could be the presence of
mutations in the introns, mutations in a gene promoter, mutations in a regulatory
region, or mutations of another gene or biliary carrier (ABCB11 or BSEP, ABCC2,
ABCG5/ABCG8)[2,3,7,13]. Nevertheless, genetic testing can be recommended in some
situations. Searching for mutations in first-degree relatives can be done as genetic
family counseling with a family screening. For research purposes, searching for
mutations of the ABCB4 gene should facilitate detection of new mechanisms
responsible for the syndrome and render genetic screening more effective[3,7,8,10].
The incidence of long-term complications, such as cirrhosis or malignant
transformation, is still unknown, but sporadic cases have been described in the
literature. Chronic aggression of the bile epithelium by lithiasis and hydrophobic bile
acids can lead to the chronic inflammation responsible for secondary biliary
cirrhosis[3,7,14,15] and secondary sclerosis cholangitis[4,16]. Moreover, dysplasia can ensue
from chronic inflammation and cases of cholangiocarcinoma have been described
among patients with LPAC syndrome[2,7,12,16-18].
Medical treatment with UDCA is effective and has a rapid and positive impact on
symptomatology (94% efficacy with an average onset of action of 3.4 weeks in our
study). This observation suggests that symptoms are not directly related to stones, but
may be due to inflammation of intrahepatic bile ducts or to cholesterol crystals not
detected by echography[2]. UDCA is usually well tolerated and side effects, such as
diarrhea and nausea, are rare. Recommended daily dosage varies from 7 to 10 mg/kg,
but can be increased to 20 mg/kg if biliary symptoms persist[1,2,7]. UDCA is a longterm treatment that should be continued even if all symptoms have disappeared.
There are no recommendations about dietary regimens, but in the case of associated
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Table 2 Radiological features unveiled during ultrasound examinations
Intrahepatic bile duct findings

n = 24

Comet-tail artifacts

23

(96)

Microlithiasis

20

(83)

Acoustic shadows

17

(71)

Stones

3

(13)

Gallstones

6

(43)

n = 14

Gallbladder sludge

2

(14)

n = 14

Gallbladder hydrops

1

(7)

n = 14

Common bile duct stones

1

(4)

n = 23

Associated findings

Qualitative results: n (%). Quantitative results: means ± SD.

hypercholesterolemia, treatment with statin is preferable to fibrate because the latter
increases bile lithogenicity[2,3]. However, the appropriateness of surgical treatment is
not clearly determined. In our study, we performed cholecystectomy in one-third of
patients in addition to UDCA. The absence of guidelines about the role of
cholecystectomy as a treatment for LPAC syndrome is mainly due to the difficulty of
determining whether the symptomatology is ascribed to gallbladder lithiasis or to
intrahepatic damage[2,3]. Hence, one of the options is to reserve cholecystectomy in
case of acute cholecystitis or if treatment with UDCA fails [10] . If performed,
cholecystectomy should always be done in addition to medical treatment with UDCA.
If done without UDCA treatment, symptoms reoccur in half of patients[1].
In conclusion, LPAC syndrome is likely underreported due to a lack of testing
resulting from insufficient awareness among physicians, radiologists, and digestive
surgeons. A deeper understanding of this disease by these medical professionals is
necessary to avoid overlooking its rather simple diagnosis. LPAC syndrome typically
manifests through biliary symptoms or episodes of acute pancreatitis in young
patients with normal BMI. Symptoms often reoccur after cholecystectomy and
patients usually have family history of cholelithiasis. The diagnosis is made via
ultrasound examination by detecting intrahepatic lithiasis or comet-tail artifacts.
Other exams are not necessary unless ultrasound examination proves ineffective.
Genetic testing is not necessary for diagnosis because no mutations are detected in
half of patients, but it can be performed for the purpose of research or genetic family
counseling. LPAC syndrome is easily treatable with UDCA, which is rapidly effective,
well-tolerated, and avoids the recurrence of biliary symptoms and long-term
complications. Cholecystectomy should be reserved in the case of acute cholecystitis
or if treatment with UDCA fails. LPAC syndrome is easy to diagnose and treat;
therefore, it should no longer be overlooked. To increase its detection rate, all patients
who experience recurrent biliary symptoms following an episode of acute pancreatitis
should undergo an ultrasound examination performed by a radiologist with
knowledge of the disease.
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Table 3 Patients’ characteristics during follow-up
Follow-up time (mo)

19.7 ± 5.8

(10.1–29.4)

n = 24

Yes

18

(75)

n = 24

Duration (days)

6.8 ± 3.1

(2–14)

n = 18

In an intensive care unit

0

(0)

n = 24

UDCA

18

(75)

n = 24

Cholecystectomy

5

(36)

n = 14

Good adherence to UDCA

12

(67)

n = 18

UDCA efficacy

17

(94)

n = 18

Onset of action (in weeks)

3.4 ± 2.5

(2–12)

n = 17

Pain recurrence

5

(28)

n = 18

UDCA intolerance

2

(11)

n = 18

Death

0

(0)

n = 24

Patients’ care
Hospitalization
In a conventional care unit

Treatment

Outcome

Qualitative results: n (%). Quantitative results: means ± SD. UDCA: Ursodeoxycholic acid.

ARTICLE HIGHLIGHTS
Research background
Low phospholipid-associated cholelithiasis (LPAC) syndrome is a very particular form of biliary
lithiasis with no excess of cholesterol secretion into bile, but a decrease in phosphatidylcholine
secretion, which is responsible for stones forming not only in the gallbladder, but also in the
liver. This study describes the clinical and radiological characteristics of patients with LPAC
syndrome to better identify and diagnose the disease.

Research motivation
LPAC syndrome is considered a rare disease, but it may be underreported due to a lack of
testing resulting from insufficient awareness among physicians, radiologists, and digestive
surgeons. Improving the understanding of this syndrome will facilitate the screening and
treatment of patients.

Research objectives
We aimed to determine the clinical and radiological characteristics, as well as the outcome of
patients with LPAC syndrome in order to better identify and diagnose the disease.

Research methods
We prospectively evaluated all adult patients who were consulted or hospitalized in two
hospitals in Paris, France, between January 1, 2017 and August 31, 2018. All patients whose
profiles led to a clinical suspicion of LPAC syndrome underwent a liver ultrasound examination
performed by an experienced radiologist to confirm the diagnosis of LPAC syndrome. Twentyfour patients were selected. Patients’ characteristics, radiological features and outcomes were
analyzed.

Research results
Most patients were young (median age of 37 years), male (58%), and not overweight (median
body mass index was 24). Many had a personal history of acute pancreatitis (54%) or
cholecystectomy (42%), and a family history of gallstones in first-degree relatives (30%). LPAC
syndrome was identified primarily in patients with recurring biliary pain (88%) or after a new
episode of acute pancreatitis (38%). When present, cytolysis and cholestasis were not severe and
disappeared quickly. Interestingly, four patients from the same family were diagnosed with
LPAC syndrome. At ultrasound examination, the most frequent findings in intrahepatic bile
ducts were comet-tail artifacts (96%), microlithiasis (83%), and acoustic shadows (71%).
Computed tomography scans and magnetic resonance imaging were performed on 15 and three
patients, respectively, but microlithiasis was not detected. Complications of LPAC syndrome
required hospitalizing 18 patients (75%) in a conventional care unit for a mean duration of 6.8 d.
None of them died. Treatment with ursodeoxycholic acid (UDCA) was effective and welltolerated in almost all patients (94%) with a rapid onset of action (3.4 wk). Twelve patients’ (67%)
adherence to UDCA treatment was considered “good.” Five patients (36%) underwent
cholecystectomy (three of them were treated both by UDCA and cholecystectomy). Despite
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UDCA efficacy, biliary pain recurred in five patients (28%), three of whom adhered well to
treatment guidelines.

Research conclusions
LPAC syndrome is easy to diagnose and treat; therefore, it should no longer be overlooked.
LPAC syndrome typically manifests through biliary symptoms or episodes of acute pancreatitis
in young patients with normal BMI. Symptoms often reoccur after cholecystectomy and patients
usually have family history of cholelithiasis. The diagnosis is made via ultrasound examination
by detecting intrahepatic lithiasis or comet-tail artifacts. Other exams are not necessary unless
ultrasound examination proves ineffective. Genetic testing is not necessary for diagnosis because
no mutations are detected in half of patients, but it can be performed for the purpose of research
or genetic family counseling. LPAC syndrome is easily treatable with UDCA, which is rapidly
effective, well-tolerated, and avoids the recurrence of biliary symptoms and long-term
complications. Cholecystectomy should be reserved in the case of acute cholecystitis or if
treatment with UDCA fails.

Research perspectives
LPAC syndrome is likely underreported due to a lack of testing resulting from insufficient
awareness among physicians, radiologists, and digestive surgeons. A deeper understanding of
this disease by these medical professionals is necessary to avoid overlooking its rather simple
diagnosis. To increase its detection rate, all patients who experience recurrent biliary symptoms
following an episode of acute pancreatitis should undergo an ultrasound examination performed
by a radiologist with knowledge of the disease.
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Abstract
BACKGROUND
There are no consistent results between previous studies for an independent
association between non-alcoholic fatty liver disease (NAFLD) and
cardiovascular disease (CVD) events.
AIM
To determine if there is an independent association between NAFLD and CVD
events.
METHODS
In the present study, valid outcome data of 4808 subjects were available for phase
2 of our cohort study. These subjects had been followed up for seven years from
phase 1, beginning in 2009-2010 to phase 2 during 2016-2017. Simple and multiple
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Cox proportional models were used to determine the association between
NAFLD in the primary phase of the cohort and subsequent fatal and non-fatal
CVD events during follow-up.
RESULTS
The incidence of non-fatal CVD events in males with NAFLD was significantly
higher (P = 0.004) than in males without NAFLD. A positive association was
demonstrated between NAFLD and non-fatal CVD events in males (Hazard ratio
= 1.606; 95%CI: 1.166-2.212; P = 0.004) by the simple Cox proportional hazard
model, but no independent association was detected between these in the
multiple Cox models.
CONCLUSION
No independent association was detected between NAFLD and CVD. It is likely
that diabetes mellitus and age may be the principle mediators in this regard.
Key words: Non-alcoholic fatty liver disease; Cardiovascular disease; Cohort; Type 2
diabetes mellitus; Risk factor; Follow up
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Core tip: We evaluated the association between non-alcoholic fatty liver disease and the
incidence of cardiovascular disease events after seven years follow up, in a large
prospective cohort study. Based on our results, no independent association was observed
between non-alcoholic fatty liver disease and cardiovascular disease events. Diabetes
and age may play a role as potential mediators.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a leading cause of chronic liver disease
worldwide[1]. It is defined as the presence of hepatic steatosis after excluding other
causes of hepatic fat accumulation such as excessive alcohol consumption, viruses and
drug-related hepatitis[2]. The global prevalence of NAFLD was estimated to be 25.2%
in a meta-analysis of 86 studies by Younossi et al[3]. The increase in the prevalence of
NAFLD has usually followed the obesity pandemic in children and adults globally
although a considerable fraction of subjects are lean. In particular, childhood obesity
has implications for a greater risk of NAFLD later with accompanying liver-related
diseases at a much lower age threshold[1].
A number of hepatic complications from simple steato-hepatitis to cirrhosis and
hepatocellular carcinoma can be attributed to NAFLD[4]. This disease is considered to
be a hepatic manifestation of metabolic syndrome [5] . Thus, in addition to the
relationship with liver related diseases and its complications, this condition may be
associated with metabolic co-morbidities such as diabetes mellitus (DM) and
dyslipidemia[6-12]. The non-liver related deaths remain far more common than liverrelated deaths[3].
We previously showed that there is a significant association between NAFLD and
10-year cardiovascular disease (CVD) risk as estimated by well known risk
assessment tools[13]. These tools estimate CVD risk based on a cluster of established
modifiable and non-modifiable risk factors for the development of CVD. Although
previous studies have shown a positive association between CVD events and NAFLD,
results showing an independent association between them are inconsistent[14-16]. This
study was conducted to determine an independent association, if any, between
NAFLD and CVD events.
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MATERIALS AND METHODS
Study setting and sampling frame
A comprehensive data collection was undertaken in two phases in our cohort study in
Amol. Amol, a relatively well-populated city in the central area of northern Iran, is
located 180 km from the city of Tehran. Phase 1 began in 2009-2010 and phase 2 in
2016-2017. The exact sampling frame was obtained using primary health records of
subjects from local primary health care centers in urban and rural areas. The sampling
frame, based on the primary data, comprised 16 strata according gender and the
following age group ranges within 10-90 years: 10-19, 20-29, 30-39, 40-49, 50-59, 60-69,
70-79 and 80-89. From phase 1 to the beginning of phase 2 in 2016, participants or
close family members were contacted annually to provide the outcomes related to
fatal and non-fatal CVD. The comprehensive evaluations of the demographic,
anthropometric and laboratory variables began in early phase 2 and these participants
were actively invited to participate in this phase of the cohort study. Valid data,
following exclusions (Figure 1) was obtained, from 4808 participants, in the present
study. Figure 1 shows the study population and related inclusions and exclusions.

Outcomes
Atherosclerosis CVD (ASCVD) is defined based on the history of non-fatal acute
myocardial infarction, ischemic heart disease death and cerebrovascular accidents The
incidence of ASCVD and the number of occurrences was considered as outcomes.
Comprehensive assessment in phase 2 on the related outcomes was undertaken after
data collection from self-reporting of patients, or close family members and by direct
observation of valid medical records. Hospital discharge records and death
certificates for fatal CVD events were evaluated. Active communications with the
locations in which the patients were hospitalized, were pursued to establish medical
record accuracy. In all instances, the related outcomes provided annually by the
patient or a close family member were compared with data from valid documents,
and modified accordingly in the case of inconsistent findings. Confirmation of
associated outcomes was undertaken by an internist in the cohort study group.
The diagnosis of NAFLD was by performed by sonography by one expert
sonographer in phase 1 of the cohort in our research center. NAFLD was defined as
hepatic steatosis in participants with no history of excess consumption of alcohol,
drug-related steatosis or viral or hereditary steatogenic hepatitis. Anthropometric
measures (height, weight) and blood pressure were measured by trained healthcare
staff. A calibrated non-stretchable meter was utilized to measure the height of
shoeless participants while standing with their heels and buttocks pressed against a
wall. Subjects weight, after removal of excess clothing, was measured using a
calibrated scale with a precision of 100 g. Blood pressure was measured with
sphygmomanometer cuffs fitted to the arm circumference of subjects after resting, for
at least 5 min in a sitting position in a quiet room. The systolic and diastolic blood
pressures were determined based on the appearance and disappearance of Korotkoff
sounds, respectively. The systolic blood pressure and diastolic blood pressure were
calculated as the average of two measurements. Whole blood samples (10 mL) were
taken from each participant using a serum separator tube, after 12 h fasting. The
samples were exposed for 1 hour at room temperature to allow for clotting, then
centrifuged rpm for 10 min and placed in 5000 cc straws with an aliquot using clean
pipette technique. The vials of serum were immediately frozen at –80 °C in a freezer.
To separate the plasma, the blood was collected in purple-topped EDTA tubes and
centrifuged (2000 rpm) at 4 °C for 20 min. Subsequently, 1.0 mL of plasma was placed
into 1.5 mL Eppendorf tubes using the clean pipette technique. Plasma samples for
each subject was immediately frozen in a –80 °C freezer. Biochemical analysis was
undergone by Auto-Analyzer BS200 (Mindray, Shenzhen, China). Pars Azmoon
commercial diagnostic kits (Pars Azmoon Co., Tehran, Iran) included fasting blood
sugar, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
triglycerides were used.

Statistical analysis
Descriptive and analytical statistics were used to report the study findings. The
incidence rate of fatal and non-fatal CVD events in participants with and without
NAFLD was obtained and compared using the two-independent group proportion
test. The simple and multiple Cox proportional models were conducted to determine
the association between NAFLD in phase 1 of the cohort and the occurrence of fatal
and non-fatal CVD events later during phases 1 and 2. The time of occurrence of fatal
and non-fatal CVD events from 2009-2010 to 2016-2017 was considered to be the
outcome for NAFLD as the predictor. The age at onset and history of DM in phase 1
of the cohort, as the main confounding variables, was used to explain the association
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Figure 1

Figure 1 Flow diagram of phase I and phase II included and excluded participants. HCV: Hepatitis C virus; HBsAg: Hepatitis B surface antigen.

between NAFLD and CVD events. Hazard ratios and confidence intervals were
reported at a significance level of 0.05 for all analyses. The software used for all
statistical analyses was IBM SPSS version 21 (SPSS Inc., Chicago statistical software)
and STATA version 12 (STATA Corp., TX, United States).

RESULTS
According to the sampling frame stratification used in this study, male study subjects
numbered 2667 and female 2141. In these, NAFLD prevalence, as determined by
sonographic data, was found to be 40.67% (95%CI: 38.89%-42.45%) and 43.58%
(95%CI: 41.52%-45.65%) for males and females, respectively (P = 0.0359). The basic
characteristics of the study population of males and females without and with
NAFLD is shown in Table 1. The results indicate that all characteristics, except highdensity lipoprotein cholesterol, were significantly higher in participants with NAFLD
than those without NAFLD. The findings also showed that the prevalence of DM was
14.79% (95%CI: 12.77%-16.81%) within the males with NAFLD and 5.07% (95%CI:
4.04%-6.10%) in males without NAFLD (P < 0.001). On the other hand, the prevalence
of DM in females with and without NAFLD was 27.27% (95%CI: 24.47%-30.08%) and
8.06% (95%CI: 6.55%-9.57%) respectively (P < 0.001).
Figure 2 shows the incidence (%) of fatal and non-fatal CVD events in individuals
with and without NAFLD during the 7-year follow-up in males and females. In males,
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Table 1 Basic characteristics of population study in people without and with non-alcholic fatty
liver disease
mean ± SD
Characteristics

P value
Without NAFLD

With NAFLD

Men (n = 2667)

n = 1149

n = 1518

Age (yr)

42.02 ± 17.80

48.35 ± 14.24

< 0.001

BMI (kg/m2)

24.35 ± 3.65

29.71 ± 3.96

< 0.001

WC (cm)

84.82 ± 10.39

99.57 ± 9.65

< 0.001

DBP (mmHg)

73.76 ± 12.18

80.72 ± 12.07

< 0.001

SBP (mmHg)

114.13 ± 14.65

121.81 ± 15.71

< 0.001

FBS (mg/dL)

94.48 ± 26.74

104.45 ± 33.03

< 0.001

HOMA-IR

1.75 ± 1.42

2.90 ± 2.33

< 0.001

TG (mg/dL)

123.35 ± 76.91

173.63 ± 101.92

< 0.001

HDL (mg/dL)

45.65 ± 11.51

40.31 ± 10.94

< 0.001

LDL (mg/dL)

99.99 ± 30.30

112.27 ± 30.42

< 0.001

Women (n = 2141)

n = 934

n = 1207

Age (yr)

37.88 ± 15.09

50.20 ± 12.37

< 0.001

BMI (kg/m2)

27.01 ± 4.83

33.11 ± 4.76

< 0.001

WC (cm)

84.72 ± 11.34

100.25 ± 10.48

< 0.001

DBP (mmHg)

72.32 ± 12.39

80.21 ± 12.88

< 0.001

SBP (mmHg)

110.34 ± 15.77

121.65 ± 18.03

< 0.001

FBS (mg/dL)

94.97 ± 30.36

115.22 ± 49.96

< 0.001

HOMA-IR

2.20 ± 1.62

3.43 ± 3.13

< 0.001

TG (mg/dL)

115.25 ± 67.10

173.92 ± 118.78

< 0.001

HDL (mg/dL)

48.92 ± 11.81

42.98 ± 11.68

< 0.001

LDL (mg/dL)

104.15 ± 30.62

116.51 ± 31.06

< 0.001

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; WC: Waist circumference; DBP: Diastolic
blood pressure; SBP: Systole blood pressure; FBS: Fasting blood glucose; HOMA-IR: Homeostatic model
assessment for insulin resistance; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density
lipoprotein.

the incidence of non-fatal CVD events was significantly higher in individuals with
NAFLD than those without NAFLD. Although the incidence of fatal CVD events was
higher in individuals with NAFLD than those without NAFLD, it was not statistically
significant. The incidence of fatal and non-fatal CVD events were higher in females
with NAFLD than those without NAFLD; however, these differences were not
statistically significant.
The Cox proportional models, used to determine the association between NAFLD
and fatal or non-fatal CVD events as related outcomes yielded the following results
(Table 2). While a positive simple association was detected between NAFLD and nonfatal CVD events in males (Hazard ratios = 1.606; 95%CI: 1.166-2.212; P = 0.004), no
independent association was detected between them in the multiple Cox regression
models. The results show no association between NAFLD and CVD events in females
on the simple and multiple Cox proportional hazard models. Further results showed
age and diabetes mellitus have an association with fatal and non-fatal CVD events.
However, multiple cox model did not show any independent association between
diabetes mellitus and fatal CVD events in women.

DISCUSSION
We evaluated the association between NAFLD and CVD events in a prospective study
with a 7-year follow-up period. Fatal CVD events increased slightly in individuals
(both males and females) with NAFLD compared to those without NAFLD, but this
increase was not statistically significant. For non-fatal CVD events, although males
with NAFLD developed a significant slightly higher number of CVD events in the 7year follow-up compared to males without NAFLD, this was not significant in
females. However, when we considered DM and age as potential mediators between
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Figure 2

Figure 2 The incidence of fatal and non-fatal cardiovascular disease events in individuals with and without
non-alcholic fatty liver disease during a 7-yr follow up in men and women. CVD: Cardiovascular disease; WW:
Women Without non-alcholic fatty liver disease; MN: Men with non-alcholic fatty liver disease; significant P value
showed by score.

NAFLD and CVD events, no independent relationship was detected between NAFLD
at the beginning of the study and fatal and non-fatal CVD events in the 7-year followup in either males or females. Stepanova et al[17] reported an independent association
between NAFLD and CVD events in the US population after a 14.3-year follow-up,
although they found no association between CVD-related death and NAFLD, which is
in line with the findings of the current study. Several other studies have investigated
the association between NAFLD, with CVD events or outcomes. Chan et al[18] found no
association between NAFLD and prevalent Ischaemic Heart Disease (IHD) events
among patients with DM. Hamaguchi et al[19] suggested NAFLD as an independent
predictor for CVD events. Zeb et al[15] reported that NAFLD can be considered a risk
factor for non-fatal cardiac heart disease independent of traditional cardiovascular
risk factors. On the other hand, the study of Kim et al[16] found no association between
CVD death and NAFLD. Based on the evidence available to date, Targher et al[20],
suggested screening and surveillance strategies for cardiovascular diseases in patients
with NAFLD, particularly those with steatosis. They went on so far as to claim that in
many cases, people with non-alcoholic fatty liver will die of cardiovascular diseases
before they die from an advanced liver disease[20]. However, in a recent meta-analysis
of matched cohort study of 18 million European adults, Alexander et al[21] did not
report any association between acute myocardial infarction or stroke and NAFLD,
when the related analysess were adjusted based on the established cardiovascular risk
factors. Although they emphasized on cardiovascular risk assessment in adults with
NAFLD, unlike Targher et al[20], they did not recommend strategies other than those
suggested to the general population [20,21] . Motamed et al [13] found an association
between NAFLD and 10-year CVD risk as estimated by both American College of
Cardiology/American Heart Association and Framingham tools. In a more recent
study, Han et al[22], too, showed a significant association between NAFLD and CVD
risk estimated via American College of Cardiology/American Heart Association tool.
However, the risk assessment tools calculate the risks based on the data of established
risk factors[23,24]. Consequently, even assuming a very accurate prediction power for
cardiovascular events, the risks calculated by these tools cannot show an independent
relationship with such events independent of common cardiovascular risk factors.
Because there are common risk factors, such as obesity, diabetes mellitus, and
insulin resistance, between nonalcoholic fatty liver and cardiovascular diseases, it is
not easy to answer the question whether the association between nonalcoholic fatty
liver and heart diseases is caused by these common risk factors or there is an
independent relationship between them[20]. However, as noted, our prospective study
did not confirm this relationship.
Our results emphasize that age and DM can be considered major mediators in the
development of non-fatal CVD events in males with NAFLD. In fact, a high
prevalence of DM in individuals with NAFLD and a strong association between CVD
and DM can increase the incidence of CVD events in patients with NAFLD. On the
other hand, the association between age with both NAFLD and CVD events are
another cause of the increased incidence of CVD events in patients with NAFLD.
Kunutsor et al[25] showed that age has a critical role in the incidence of CVD events
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Table 2 The results of Cox proportional hazard models on fatal and non- fatal cardiovascular events as outcome, and Non-alcholic fatty
liver disease, diabetes mellitus and age as potential predictors
Simple Cox proportional model
Sex

Multiple Cox proportional model

Outcomes
Wald

HR (95% CI)

P value

Wald

HR (95% CI)

P value

Fatal CVD events

0.963

1.345 (0.744-2.430)

0.326

0.104

0.903 (0.486-1.677)

0.747

Non-fatal CVD events

8.400

1.606 (1.166-2.212)

0.004

3.723

1.384 (0.995-1.925)

0.054

Fatal CVD events

1.570

1.694 (0.743-3.863)

0.210

0.002

1.178 (0.491-2.829)

0.714

Non-fatal CVD events

2.327

1.416 (0.906-2.214)

0.127

0.063

0.941 (0.584-1.516)

0.802

Fatal CVD events

37.13

6.692 (3.631-12.334)

< 0.001

8.398

2.688 (1.377-5.247)

0.004

Non-fatal CVD events

30.98

2.999 (2.037-4.415)

< 0.001

8.789

1.885 (1.240-2.867)

< 0.001

Fatal CVD events

10.99

4.034 (1.769-9.201)

< 0.001

2.165

1.867 (0.813-4.290)

0.141

Non-fatal CVD events

40.71

4.358 (2.773-6.850)

< 0.001

14.35

2.507 (1.558-4.032)

< 0.001

Fatal CVD events

75.35

1.122 (1.094-1.152)

< 0.001

62.82

1.114 (1.085-1.144)

< 0.001

Non-fatal CVD events

69.12

1.043 (1.033-1.054)

< 0.001

56.86

1.041 (1.030-1.052)

< 0.001

Fatal CVD events

47.49

1.134 (1.094-1.176)

< 0.001

44.91

1.133 (1.093-1.176)

< 0.001

Non-fatal CVD events

63.59

1.068 (1.051-1.085)

< 0.001

48.60

1.062 (1.044-1.081)

< 0.001

NAFLD
In men

In women

Diabetes mellitus
In men

In women

Age
In men

In women

CI: Confidence interval; CVD: Cardiovascular disease; HR: Hazard ratio; NAFLD: Non-alcholic fatty liver disease.

in patients with NAFLD in a 10.5-year follow-up. The simultaneous increase in the
incidence of NAFLD and CVD events could be expected more often in older
individuals than in younger individuals. The association between fatty liver and
future CVD events was also attributed to dependence on insulin sensitivity by Pisto et
al[26]. The authors reported an independent relationship between fatty liver and CVD
events, following adjusting for the confounding effects of consumption of alcohol,
serum levels of low-density lipoprotein cholesterol, BMI and systolic pressure.
However, when the confounding effects of the QUIKI index (as an index of insulin
resistance) were removed, the statistically significant relationship between fatty liver
and CVD events did not continue[26,27].
Our study showed that there is no independent association between NAFLD and
CVD events. The potential mediators of age and a history of DM were confounding
variables for the association of NAFLD and the occurrence of new cases of CVD. This
study had some limitations. One was the duration of the follow-up. The 84-month
follow-up for participants without a history of a CVD event may not be adequate to
monitor and establish full associations of CVD events between individuals with and
without NAFLD. In addition, NAFLD in this study was evaluated using sonography
rather than liver biopsy, which is regarded as the “golden standard”. Although
sonography is not optimal for the diagnosis of NAFLD, it is a non-invasive method
that is ethically sensible for the diagnosis of NAFLD in research. Additionally,
outcomes were based on objective and confirmed documentation by patients or close
family. Hence, some patients with silent CVD events in this data collection strategy
would not have been included in the study. However, we should consider that
diabetes mellitus, as an important mediator between NAFLD and CVD events in our
study, is a strong predictor for development of these silent events[28,29].
It has been stated that age and DM are two strong potential mediators in the
association between NAFLD and CVD events; thus, missed cases of CVD events in
these two groups would attenuate the confounding effects of these mediators. This
issue does not detract from the final conclusion that there was no independent
association between NAFLD and CVD events in the 7-year follow-up of participants
with no prior history of CVDs.
In conclusion, although we found a significant association between NAFLD and
non-fatal CVD events in males, no independent association was detected between
NAFLD and fatal and non-fatal CVD events in either males or females. Diabetes
mellitus and age can be considered the principle mediators in this regard.
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ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a leading cause of chronic liver disease worldwide.
In addition to the relationship with liver related diseases and its complications, this condition
may be associated with metabolic co- morbidities such as diabetes mellitus and dyslipidemia.
Although previous studies have shown a positive association between cardiovascular disease
(CVD) events and NAFLD, results showing an independent association between them are
inconsistent.

Research motivation
The main topic in this study is to determine whether non-alcoholic fatty liver can lead to an
increase in cardiovascular events independent of other potential risk factors. There is currently
no consensus in this regard in the literature. Answering this question will help us determine if
people with non-alcoholic fatty liver disease need more stringent cardiovascular interventions
than the general population.

Research objectives
This study was conducted to determine if there is an independent association between NAFLD
and CVD events.

Research methods
In this large prospective population based cohort study, valid outcome data of 4808 subjects
were analyzed. These subjects had been followed up for seven years from phase 1, beginning in
2009-2010 to phase 2 during 2016-2017. The incidence of fatal and non-fatal CVD events were
compared between people with and without NAFLD at the seven years follow up. Simple and
multiple Cox proportional models were used to determine the association between NAFLD in
the primary Phase of the cohort and subsequent fatal and non-fatal CVD events during followup.

Research results
The incidence of non-fatal CVD events in males with was significantly higher than in males
without NAFLD. A positive association was demonstrated between NAFLD and non-fatal CVD
events in males using the simple Cox proportional hazard model, but no independent
association was detected between these in the multiple Cox models.

Research conclusions
Based on our results, Non-alcoholic fatty liver does not increase the risk of cardiovascular events
independent of other risk factors. Diabetes and age may play a role as potential mediators. The
presence of non-alcoholic fatty liver, apart from other cardiovascular risk factors, does not
increase the need for stricter interventions to prevent cardiovascular disease than the general
population.

Research perspectives
Further studies with a longer follow-up period may be needed in this area.
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Abstract
Alcohol consumption is one of the leading causes of the global burden of disease
and results in high healthcare and economic costs. Heavy alcohol misuse leads to
alcohol-related liver disease, which is responsible for a significant proportion of
alcohol-attributable deaths globally. Other than reducing alcohol consumption,
there are currently no effective treatments for alcohol-related liver disease.
Oxidative stress refers to an imbalance in the production and elimination of
reactive oxygen species and antioxidants. It plays important roles in several
aspects of alcohol-related liver disease pathogenesis. Here, we review how
chronic alcohol use results in oxidative stress through increased metabolism via
the cytochrome P450 2E1 system producing reactive oxygen species, acetaldehyde
and protein and DNA adducts. These trigger inflammatory signaling pathways
within the liver leading to expression of pro-inflammatory mediators causing
hepatocyte apoptosis and necrosis. Reactive oxygen species exposure also results
in mitochondrial stress within hepatocytes causing structural and functional
dysregulation of mitochondria and upregulating apoptotic signaling. There is also
evidence that oxidative stress as well as the direct effect of alcohol influences
epigenetic regulation. Increased global histone methylation and acetylation and
specific histone acetylation inhibits antioxidant responses and promotes
expression of key pro-inflammatory genes. This review highlights aspects of the
role of oxidative stress in disease pathogenesis that warrant further study
including mitochondrial stress and epigenetic regulation. Improved
understanding of these processes may identify novel targets for therapy.
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Core tip: Alcohol is a global health problem with alcohol-related liver disease forming a
significant proportion of alcohol-attributable deaths. However, there are no effective
treatments for alcohol-related liver disease. Oxidative stress plays multiple roles in disease
pathogenesis, which if better understood may yield new therapeutic targets. Here, we
review the current literature on how alcohol consumption leads to oxidative stress and how
this results in hepatocyte apoptosis and necrosis through its contribution to mitochondrial
stress, dysregulation of cell signalling pathways and epigenetic regulation.
Citation: Tan HK, Yates E, Lilly K, Dhanda AD. Oxidative stress in alcohol-related liver
disease. World J Hepatol 2020; 12(7): 332-349
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/332.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.332

INTRODUCTION
Europe has the highest per capita alcohol consumption and alcohol-related loss of
disability adjusted life years globally[1]. The European Union is the heaviest drinking
region of the world, with 11 liters of pure alcohol drunk per adult each year[1]. In the
last decade, this trend continues to rise in central and northern Europe. Alcohol is a
dose-related risk factor for more than 200 diseases[1]. It causes 5.9% of all deaths
globally and more than 25% of deaths in the age group 20-39 years[1].
Heavy alcohol use is the cause of alcohol-related liver disease (ALD). Therefore, it is
not surprising that the incidence of ALD is on a rising trajectory[2]. The scale of ALD is
estimated to burden the United Kingdom national health system with health-related
costs of over £3.5 billion per year[2]. In Europe, the cost of treating ALD is estimated to
be €17 billion, together with €5bn spent on treatment and prevention of harmful
alcohol use and alcohol dependence[3]. Worldwide, alcohol-related liver cirrhosis
deaths account for approximately 10% of all alcohol-attributable deaths resulting in
the loss of 22.2 million disability-adjusted life years annually[4].
The ALD spectrum ranges from simple steatosis to steatohepatitis, fibrosis, and
cirrhosis. While alcohol-related cirrhosis is no longer considered a completely
irreversible condition, no effective anti-fibrotic therapies are currently available.
Cirrhosis can be divided into compensated and decompensated stages, with
differentiating clinical features and prognosis. The median survival of patients with
compensated liver disease is approximately 6.5 years but only 2.5 years in those with
decompensated cirrhosis[4]. Once a complication of cirrhosis develops, the 5-year
survival rate decreases to less than 20%[4].
Alcoholic hepatitis (AH) is an acute inflammatory condition that occurs on the
background of ALD. Severe AH has a mortality rate of 30% within 3 mo[5] but even
non-severe AH has a significant 7% mortality within 3 mo[6]. The established treatment
for AH is corticosteroids, which improve short-term survival but do not affect longterm survival[5].
The molecular mechanisms underlying ALD pathogenesis are complex and have
not been fully elucidated. However, there is emerging evidence that oxidative stress
plays a role in mediating the inflammatory response and in directly causing liver
damage. Oxidative stress represents the body’s imbalance in the production and the
elimination of reactive species (including reactive oxygen and nitrogen species) as well
as decreased production of antioxidants[7]. Here, we review the role of oxidative stress
in ALD focusing on its effect on mitochondrial stress, cell signaling and epigenetic
regulation.

LITERATURE SEARCH
Comprehensive searches of MEDLINE, EMBASE, PubMed and TRIPS from their
commencement to June 2019 were conducted. The search strategy included subject
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headings and keywords related to “alcohol” and “oxidative stress” and “liver”. The
reference list of all included studies was screened for eligibility. This review included
all study types in humans and animals. Studies published in all languages were
considered. One author independently screened titles and abstracts and subsequently
reviewed full-texts of retrieved studies for eligibility.

ALCOHOL METABOLISM
Alcohol (ethanol) is metabolized by three major pathways (Figure 1)[7]. The primary
pathway is initiated by alcohol dehydrogenase (ADH), a NAD+ requiring enzyme
expressed at high levels in hepatocytes, which oxidizes ethanol to acetaldehyde[7]. In a
normal liver, acetaldehyde enters the mitochondria and is quickly metabolized to
acetate by aldehyde dehydrogenase (ALDH). Acetate is then broken down to carbon
dioxide and water for elimination[8]. In chronic alcohol users, the ADH/ALDH
pathway becomes saturated and reactive aldehydes are produced from the metabolism
process such as malondialdehyde-acetaldehyde (MAA), 4-hydroxy-2-nonenal (HNE)
and lipid hydroperoxides which can bind to proteins to produce protein adducts[8].
These protein adducts are capable of provoking an immune response. In vitro
experiments showed that the viability of antigen-presenting cells, lymphocytes, and
hepatocytes was decreased on incubation with an MAA hen egg lysosome adduct[9].
Circulating antibodies against MAA protein adducts were increased in patients with
ALD and AH and correlated with the severity of liver injury[9].
The second major pathway to metabolise ethanol is the microsomal ethanol
oxidizing system (MEOS), which involves an NADPH-requiring enzyme, the
cytochrome P450 enzyme CYP2E1[10], which is induced by chronic alcohol
exposure[11,12]. The increase of CYP2E1 after alcohol intake is due to stabilization of
CYP2E1 rather than to a de novo synthesis[11]. The MEOS pathway metabolises ethanol
to acetaldehyde by converting NADPH+ and O2 to NADP and H2O resulting in the
generation of reactive oxygen species (ROS). CYP2E1 plays a role in lipid peroxidation,
protein oxidation, and protein nitration (Figure 1)[11]. It is also known to promote
hepatic carcinogenesis by oxidizing DNA in alcohol-exposed rodents[13].
Ethanol metabolism through CYP2E1 not only produces acetaldehyde but also
generates ROS including H2O2, hydroxyl (OH-) and carbon centered OH- (Figure 1)[14].
These ROS may be neutralized by a potent antioxidant defense system[14]. However,
chronic alcohol consumption disrupts this system; depletion of mitochondrial
glutathione (GSH) is observed in patients with alcohol dependence[15], which impairs
hepatocyte tolerance to tumour necrosis factor alpha (TNF-α) resulting in an increased
likelihood of cell death[16]. ROS increases and activates c-Jun N-terminal kinase (JNK)
with consecutive expression of the activator protein 1 (AP-1) transcription factor
leading to cellular hyper-regeneration, and lipid peroxidation. Lipid peroxidation
products such as malondialdehyde and HNE are generated. HNE can bind to
adenosine and cytosine forming highly carcinogenic exocyclic etheno DNA adducts[17].
These DNA adducts have been identified in the livers of patients with ALD and other
types of liver disease associated with inflammation and oxidative stress like viral
hepatitis[18].
The other two most prevalent DNA adducts are N2-ethyldeoxyguanosine (N2-EtdG), and 1,N(2)-propano-2′-deoxyguanosine (PdG). N2-Et-dG is detectable in livers of
alcohol-exposed mice and leukocytes of human alcohol misusers[19]. PdG, on the other
hand, is distinguished by its genotoxic and mutagenic effects which impair DNA
replication, thereby triggering cell death. These two major acetaldehyde-DNA adducts
also promote carcinogenesis by initiating replication errors and mutations in
oncogenes/onco-suppressor genes[19].
A third minor pathway for ethanol metabolism involves catalase, a peroxisomal
enzyme (Figure 1)[20], which requires the presence of H2O2, a breakdown product of
fatty acids. Catalase located in the peroxisomes of the hepatocyte plays only a minimal
role in alcohol metabolism due to low hepatic production of H2O2. Under normal
conditions, ADH metabolizes about 75%-80% of the ethanol entering the liver and
MEOS the remainder. Hepatic ADH and hepatic catalase activities remain unchanged
following chronic alcohol consumption, whereas hepatic MEOS activity strikingly
increases and is responsible for the enhanced alcohol metabolism found after chronic
alcohol consumption[11,12].
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Figure 1 The three major pathways of alcohol metabolism. The primary pathway is initiated by alcohol dehydrogenase, a NAD+ requiring enzyme
expressed at high levels in hepatocytes, which oxidizes ethanol to acetaldehyde. The second major pathway, the microsomal ethanol oxidizing system pathway,
involves the NADPH-requiring enzyme cytochrome P450 enzyme 2E1, which is induced by chronic alcohol exposure. The third pathway for ethanol metabolism is
carried out by catalase, a peroxisomal enzyme. ADH: Alcohol dehydrogenase; ALDH2: Aldehyde dehydrogenase; CYP2E1: Cytochrome P450 enzyme 2E1; HNE: 4hydroxy-2-nonenal; LOOH: Lipid hydroperoxides; MDA: Malondialdehyde; MEOS: Microsomal ethanol oxidizing system; ROS: Reactive oxygen species.

MITOCHONDRIAL STRESS
Chronic alcohol consumption results in structural and functional abnormalities in
hepatic mitochondria, including enlarged morphology[21,22], mitochondrial DNA
(mtDNA) damage[23], reductions in hepatic ATP levels[24] and mitochondrial protein
synthesis[25] (Figure 2). This can result in hepatocellular apoptosis and associated
necrosis[26]. Chronic alcohol metabolism and associated mitochondrial dysfunction has
been implicated in increasing ROS production and accumulation in hepatic
mitochondria.
In humans, in vivo measurement of ROS is complicated due to their rapid reactions
with surrounding molecules[27]. Surrogate measures of mitochondrial-derived ROS
include urinary isoprostane levels[28,29], NADH delivery to the respiratory chain[30], lipid
peroxidation[31,32] and HNE levels and associated adducts[17,33]. The greatest indicator of
ROS overproduction is the increase in hepatic CYP2E1 levels[32,34-37]. The respiratory
chain has also been implicated in mitochondrial ROS overproduction in response to
chronic alcohol consumption. Excessive levels of reducing equivalents (e.g., NADH),
produced by alcohol and ADH entering the mitochondrial respiratory chain, lead to
electron transport chain reduction, facilitating superoxide anion formation[38,25].
Cell death can be triggered through ROS-induced release of apoptosis signalregulating kinase 1 (ASK1) (a member of the mitogen-activated protein kinase [MAPK]
family), resulting in the cleavage of pro-caspase-3 to active caspase-3, which promotes
cellular apoptosis[39-41]. Additionally, cytosolic ASK1 activates MAPK kinase 4 and JNK
resulting in increased mitochondrial permeability, mediated by SAB protein, and thus
hepatocyte cell death[40,41](Figure 2).
Reactive nitrogen species (RNS) also contribute to mitochondrial damage[22,38].
Alcohol-mediated overproduction of the superoxide anion can result in the generation
of RNS, such as peroxynitrite, via interaction with nitric oxide, culminating in
mitochondrial protein damage[25]. Numerous mitochondrial-localized enzymes
involved in respiration and cellular energetic processes are inactivated in this way,
including NADH dehydrogenase, succinate dehydrogenase, cytochrome c reductase
and ATP synthase[42].
To limit oxidative damage following alcohol consumption, hepatic mitochondria
have various adaptive mechanisms to prevent functional and structural impairments.
Uncoupling proteins (UCPs), specifically UCPs 1-3, reduce ROS production by the
uncoupling of mitochondrial oxidative phosphorylation[43], a process observed in
patients with non-alcoholic fatty liver disease (NAFLD)[44]. Furthermore, there is
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Figure 2 Pathways involved in mediating mitochondrial oxidative stress. Alcohol elevates mitochondrial cytochrome p450 2E1 and NADH levels
facilitating reactive oxygen species (ROS) upregulation. Elevated ROS damages mitochondrial DNA, proteins and cristae and causes a reduction in mitochondrial
ATP and glutathione. ROS-activated thioredoxin-interacting protein translocates to mitochondria binding thioredoxin 2, indirectly producing further ROS through
inhibiting its antioxidant activity. Apoptosis signal-regulating kinase 1 liberated from thioredoxin 2, facilitates cleavage of pro-caspase 3 to caspase 3 leading to
hepatocellular apoptosis. Mitochondrial ROS activates cytosolic apoptosis signal-regulating kinase 1 leading to downstream opening of the mitochondrial transition
pore through mitogen-activated protein kinase kinase 4 and c-Jun N-terminal kinase activation. ROS form reactive nitrogen species which inhibit mitochondrial
enzymes. ASK1: Apoptosis signal-regulating kinase 1; BAX: Bcl-2-associated X protein; CYP2E1: Cytochrome p450 2E1; ETC: Electron transport chain; GSH:
Glutathione; JNK: C-Jun N-terminal kinase; MKK4: Mitogen-activated protein kinase kinase 4; mtDNA: Mitochondrial DNA; ROS: Reactive oxygen species; RNS:
Reactive nitrogen species; SAB: SH3 domain-binding protein that preferentially associates with Btk; TRX2: Thioredoxin 2; TXNIP: Thioredoxin-interacting protein.

mitochondrial upregulation of enzymatic antioxidants catalase, glutathione transferase
and heme oxygenase-1 and a marked increase in GSH[45,46]. However, mitochondrial
GSH depletion was observed in patients with alcohol dependence and ALD[15,16]
suggesting that chronic alcohol exposure downregulates GSH expression.
Manganese-dependent superoxide dismutase (MnSOD) detoxifies mitochondrial
superoxide[47], but its response to alcohol is poorly documented. Increased
mitochondrial localization of MnSOD was associated with more severe forms of
ALD[48], which may be mediated by increased hydroxyl radical generation[22]. Thus,
overexpression of MnSOD may be hepatotoxic rather than hepatoprotective.
S-adenosylmethionine (SAMe) has been implicated in regulating mitochondrial
function, following alcohol consumption in a variety of animal models[49]. SAMe binds
and inactivates the catalytic activity of CYP2E1[50], limiting alcohol-dependent
increases in mitochondrial production of superoxide[49]. SAMe also increases synthesis
and availability of glutathione[51] and maintains mitochondrial respiration rate and
mtDNA integrity[38]. Although greater SAMe levels have been observed in the serum of
ALD patients compared to healthy subjects[52], a reduction in hepatic SAMe levels was
observed in patients with AH[53], suggesting the acute inflammatory state leads to
hepatic SAMe depletion. SAMe has been evaluated as a treatment for AH in a recent
phase 2 randomized controlled clinical trial. SAMe with prednisolone improved 6-mo
survival compared to prednisolone treatment alone[54]. Although these preliminary
results are encouraging, a definitive study has yet to be undertaken.

CELL SIGNALING PATHWAYS
Lipopolysaccharide (LPS) plays a key role in the pathogenesis of ALD, with higher
circulating LPS levels in alcohol dependent patients[55,56]. In AH, LPS predicts organ
failure, mortality[57] and infection[58]. Alcohol exposure increases gut permeability,
mediating translocation of LPS from the lumen of the intestine to the portal vein into
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the liver[55]. LPS binds to Toll-like receptor 4 (TLR4) expressed on a wide variety of
immune and parenchymal cells including Kupffer cells, hepatocytes, endothelial cells
and hepatic stellate cells, initiating one of the primary signaling cascades associated
with liver damage[59,60]. LPS-mediated cell signaling results in transcription of proinflammatory genes through nuclear factor-κB (NF-κB) and interferon regulatory
factor 3 DNA binding[59,61].
Upon LPS stimulation of the TLR4 complex, NADPH oxidase (NOX) 4 interacts
with the COOH-terminal region of TLR4 resulting in ROS generation in neutrophils
and monocytes[62,63], which directly activates NF-κB[62,64]. ROS-mediated activation and
potential regulation of NF-κB activity occurs by several mechanisms: IκBα
phosphorylation; S-glutathionylation of IKKβ; disruption of IκB ubiquitination and
degradation; NF-κB inducing kinase (NIK) activation and phosphoinositide 3-kinase
(PI3K)/protein kinase B (Akt) stimulation[65] (Figure 3). ROS both negatively and
positively regulates NF-κB, with oxidative stress in the early phase being a positive
regulator, compared to a negative regulator in the late phase[66]. Diphenyliodonium
(DPI), an inhibitor of NOX, used as a pre-treatment in alcohol-fed rats, results in
normalized ROS production, and inhibition of TNF-α production in Kupffer cells[59,67].
Treatment of alcohol-fed rats with the antioxidant dilinoleoyl-phosphatidylcholine,
also inhibited TNF-α production in Kupffer cells and LPS-induced NF-κB activation[68].
Diphenyliodonium and dilinoleoyl-phosphatidylcholine reduce extracellular signalregulated protein kinase (ERK)1/2 activation[67,68]. LPS-induced activation of ERK1/2
results in transcription of early growth response protein 1 (Egr-1), involved in binding
to the TNF-α promoter and increasing TNF-α expression[59]. Egr-1 deficient mice are
protected from chronic alcohol-induced liver injury in association with decreased
TNF-α messenger RNA (mRNA) levels[69].
LPS activates other MAPKs including p38 and JNK[59], involved in TNF-α
production[70]. p38 has been implicated in maintaining the stability of TNF-α
mRNA[59,71]. In response to acute alcohol exposure, the JNK pathway has been
associated with increased hepatic mitochondrial ROS production[72], increased JNK
phosphorylation and AP-1 binding in monocytes[73]. ROS is likely to activate JNK
through interaction with upstream MEKK1[65] and by inactivating JNK inhibitor dual
specificity protein phosphatase 1[40,74]. ROS have also been associated with activation of
cytosolic ASK1[40] (Figure 3). Clinical trials of ASK1 inhibitors as a treatment for
inflammatory liver disease are ongoing with a suggestion of reduced fibrosis in
patients with NAFLD[75] but no efficacy seen in AH[76].
ROS-mediated S-glutathionylation results in decreased expression of downstream
antioxidants such as MnSOD, catalase and Sestrin3 via the PI3K/AKT pathway[77]. Akt
has also been implicated in increasing oxygen consumption, resulting in elevated
mitochondrial generation of H2O2, facilitating further oxidative damage[78,79].
The net result of these alcohol-induced cell signaling pathways is the increased
production of pro-inflammatory cytokines through upregulation of transcription
factors such as AP-1 and NFκB. TNF-α, a key pro-inflammatory cytokine, is highly
elevated in patients with ALD and AH[80-82], with observed TNF-α gene expression
increasing in ALD patients[83]. TNF-α induces apoptosis through interaction with TNFα receptor 1 (TNFR1), initiating a cell-death cascade via activation of caspases[84]. In
ALD, TNF-α-induces mitochondrial peroxidation[55], which is worsened following
depletion of GSH[15,85].
TNF-α exacerbates oxidative damage and inflammation via a positive feedback loop.
Through association with TNFR1, TNF-α stimulates the association of complex I[86],
which culminates in MAPK activation (JNK, p38 and ERK). Complex I also directly
contributes to ROS accumulation through generation of superoxide, capable of causing
further oxidative damage and eventual TNF-α, perpetuating the cycle[40,87,88].
Soluble inflammatory mediators including interleukins have been implicated in
ALD[60,89,90] and are associated with outcome in patients with AH[91]. Elevated serum IL6 levels have recently been identified as a predictor of mortality in severe AH
patients[64]. Hepatic upregulation of IL-6 and IL-1β in ALD, results in the
differentiation of naïve CD4+ cells into IL-17-producing T-helper 17 cells (Th17)
(Figure 4), resulting in elevated hepatic and serum levels of IL-17 observed in ALD
patients[64,92]. IL-17 has a multitude of pro-inflammatory downstream effects, including
inducing neutrophil recruitment to the liver; stimulating IL-8 and CXCL1 production
by hepatic stellate cells[93] and CXCL4, 5 and 6 expression[92,93]. IL-6 and interferon
(IFN)-γ are involved in JAK/STAT activation promoting hepatic regeneration[59,94].
Conversely, despite upregulation of IL-6 in ALD patients, downregulation of STAT
activation has been observed in human monocytes with chronic alcohol exposure[95].
Inflammasomes propagate IL-1β and IL-18 signals, important in the regulation of
hepatic inflammation[94]. ROS mediates IL-1β and IL-18 signaling via inflammasome
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Figure 3 Signaling pathways involved in exacerbating oxidative damage and liver injury. Lipopolysaccharide, alcohol and extracellular reactive
oxygen species (ROS) are all capable of activating toll-like receptor 4 leading to myeloid differentiation primary response 88 (MyD88) activation. MyD88 association
with interleukin-1 receptor-associated kinase 1-4 results in activation of the tumor necrosis factor receptor-associated factor 6/transforming growth factor betaactivated kinase 1 complex, which activates MAPKs c-Jun N-terminal kinase, p38 and extracellular signal-regulated protein kinase, facilitating transcription factors
activator protein 1 and early growth response protein 1 to translocate to the nucleus and upregulate pro-inflammatory mediators. Tumor necrosis factor receptorassociated factor 6/transforming growth factor beta-activated kinase 1-mediated phosphorylation of the IKKα-β-γ complex leads to IκB phosphorylation and nuclear
factor κB (NF-κB) translocation to the nucleus to upregulate pro-inflammatory cytokines. MyD88 signaling also activates NADPH oxidase 4 to produces ROS. ROS
are also produced by the NADPH oxidase 1/ras-related C3 botulinum toxin substrate 1 complex which is activated upstream by tumour necrosis factor alpha
interacting with tumour necrosis factor alpha receptor type 1, at the cell surface, which activates complex I. ROS upregulate NF-κB translocation to the nucleus
through IκB phosphorylation, nuclear factor κB inducing kinase activation and indirect protein kinase B activation. At high concentrations, ROS inhibit NF-κB
activation through inhibition of IκB phosphorylation and S-glutathionylation of IKKβ. ROS inhibit dual specificity protein phosphatase 1 and thioredoxin to further
upregulate the c-Jun N-terminal kinase pathway. ROS inactivation of phosphatase and tensin homolog facilitates phosphoinositide 3-kinase to produce protein kinase
B, which elevates ROS levels via increased oxygen consumption, and inactivates forkhead box protein O and downstream antioxidant expression. AKT: Protein
kinase B; AP-1: Activator protein 1; ASK1: Apoptosis signal-regulating kinase 1; DUSP1: Dual specificity protein phosphatase 1; Egr-1: Early growth response protein
1; ERK: Extracellular signal-regulated protein kinase; FOXO: Forkhead box protein O; IAP: Inhibitor of apoptosis; IFN: Interferon; IL: Interleukin; IRAK: Interleukin-1
receptor-associated kinase 1; JNK: C-Jun N-terminal kinase; LPS: Lipopolysaccharide; MEKK1: Mitogen-activated protein kinase kinase kinase 1; MyD88: Myeloid
differentiation primary response 88; NF-κB: Nuclear factor κB; NIK: Nuclear factor κB inducing kinase; NOX: NADPH oxidase; MnSOD: Manganese-dependent
superoxide dismutase; PI3K: Phosphoinositide 3-kinase; PTEN: Phosphatase and tensin homolog; Rac1: Ras-related C3 botulinum toxin substrate 1; ROS: Reactive
oxygen species; TAK1: Transforming growth factor beta-activated kinase 1; TLR4: Toll-like receptor 4; TNF-α: Tumour necrosis factor alpha; TNFR1: Tumour
necrosis factor alpha receptor 1; TRADD: Tumour necrosis factor alpha receptor 1-associated death domain protein; TRAF: Tumor necrosis factor receptorassociated factor; TRIF: TIR-domain-containing adapter-inducing interferon-β; TRX: Thioredoxin; TXNIP: Thioredoxin-interacting protein.

NLRP3 activation[96,97] and inhibition of antioxidant molecules[41] (Figure 4). Increased
production of IL-1β is critical in Th17 differentiation[64,92,98], while IL-18 activates natural
killer T-cells (NKTs) to produce IFN-γ[99]. Anti-IL-18 antibodies reduce activation of
NF-κB and AP-1, inflammation, liver damage and mortality in animal models[99,100]. IL1β has also been identified as an activator of MAPKs, including p38, JNK, MEKK1 and
IKKβ, involved in mediating upregulation of itself and other pro-inflammatory
cytokines[101], creating another positive feedback loop.

TRACE ELEMENTS
Trace elements are a group of naturally occurring minerals that are nutritionally
fundamental to basic cellular and immunological functions[102]. An essential role of the
these molecules, including zinc, copper, selenium and manganese, is to act as cofactors
of anti-oxidant enzymes, making their role imperative in the context of oxidative
stress[103,104]. Manganese, copper and zinc are part of the SOD enzyme group that
catalyze the breakdown of highly reactive superoxide radicals to H2O2 or O2-. Selenium
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Figure 4 Nucleotide-binding domain, leucine-rich-containing family, pyrin domain-containing-3 inflammasome activation and
downstream signaling. Reactive oxygen species (ROS) activate thioredoxin-interacting protein via inhibition of oxidoreductase thioredoxin. Thioredoxininteracting protein both binds and activates nucleotide-binding domain, leucine-rich-containing family, pyrin domain-containing-3 inflammasomes and interacts with
thioredoxin 1 and 2 to indirectly promote further ROS generation through inhibiting their antioxidant activity. Activated nucleotide-binding domain, leucine-richcontaining family, pyrin domain-containing-3 inflammasomes facilitate pro-caspase 1 cleavage to caspase 1, which facilitates pro- interleukin (IL)-1β and pro-IL-18
cleavage to IL-1β and IL-18 respectively. IL-18 induces interferon-γ production by natural killer T-cells. IL-1β induces generation of T-helper 17 cells in addition to
nuclear factor κB and activator protein 1 activation through IKKβ, p38, c-Jun N-terminal kinase and mitogen-activated protein kinase kinase kinase 1 stimulation.
Activating nuclear factor κB and activator protein 1 results in pro-inflammatory cytokine release, indirectly inducing further ROS accumulation. AP-1: Activator protein
1; IFN: Interferon; IL: Interleukin; JNK: C-Jun N-terminal kinase; MEKK1: Mitogen-activated protein kinase kinase kinase 1; NF-κB: Nuclear factor κB; NKT: Natural
killer T-cell; NLRP3: Nucleotide-binding domain, leucine-rich-containing family, pyrin domain-containing-3; NOX: NADPH oxidase; Rac1: Ras-related C3 botulinum
toxin substrate 1; ROS: Reactive oxygen species; Th17: T-helper 17 cells; TNF-α: Tumour necrosis factor alpha; TNFR1: Tumour necrosis factor alpha receptor 1;
TRX: Thioredoxin; TXNIP: Thioredoxin-interacting protein.

is a component of the active site of glutathione peroxides (GPx), the main function of
which is the neutralization of hydrogen peroxide[105]. These enzyme systems are crucial
in counterbalancing the oxidative stress state and are impaired in chronic liver
disease[106].
Reduced serum levels of trace elements have been confirmed in patients with liver
disease, including ALD, and correlate with severity[107-110]. Decreased zinc is associated
with liver cirrhosis in alcohol dependent individuals[111] and reduced serum levels of
zinc, copper and iron have been observed when compared with healthy controls[112].
Zinc is a crucial trace element involved in multiple cellular and metabolic pathways[113]
as well as acting as a cofactor for ALDH. Deficiency or abnormality in zinc function is
implicated multiple pathologies, including liver disease (both acute and chronic)[114,115]
and is associated with immune dysfunction evidenced by increased inflammation and
aberrant immune cell activation[116]. Zinc deficiency in endothelial cells results in
increased oxidative stress and decreased inflammatory regulation which is corrected
or partially ameliorated by zinc supplementation[117,118]. In alcohol-fed mice, zinc
deficiency worsens the balance between hepatic pro- and antioxidant enzymes[119] and
is associated with accumulation of ROS in gut epithelial cells and disruption of tight
junctions[120]. Given zinc’s influence on antioxidant responses, gut integrity and
immune function, a trial of zinc supplementation to improve clinical outcomes in
patients with ALD cirrhosis is ongoing (NCT02072746). Preliminary reports suggest
zinc supplementation is associated with a reduction in liver inflammation and
improvement in immune function[121].
Antioxidant therapy may also have a benefit in the treatment of AH. An antioxidant
cocktail (including zinc and selenium) in combination with steroids for the treatment
of severe AH correlated with a significant reduction in serum biomarkers, improved
short-term prognosis and reduced length of stay in hospital[122]. However, a subsequent

WJH

https://www.wjgnet.com

339

July 27, 2020

Volume 12

Issue 7

Tan HK et al. Oxidative stress in ALD

study of a complex regimen of N-acetylcysteine (NAC) followed by antioxidant
therapy, alone or in conjunction with steroids, reduced renal injury but resulted in no
survival benefit over 6 mo[121]. Another clinical trial of steroids combined with NAC in
AH showed reduced infection rate but not mortality at 6 mo[123]. Antioxidants have also
been shown to have a protective effect in patients with NAFLD by reducing serum
levels of alanine transaminase (ALT) and spleen size, a finding that likely correlates
with an improvement of fatty infiltration[122]. These findings suggest that targeting or
counterbalancing oxidative stress in ALD patients may improve patient outcomes.

EPIGENETICS
Lifestyle and environmental factors can modify gene expression without altering the
DNA sequence, which gets transmitted to the next generation of cells after mitotic
division, termed epigenetics[123]. Epigenetic regulation includes both DNA and histone
protein modifications as well as action through non-coding micro RNAs[123]. DNA
methylation is the most abundant epigenetic modification that directly affects the
function of a gene in eukaryotes[124]. Acetylation and deacetylation are modifications in
histone proteins carried out by two enzyme families, histone deacetylases (HDACs)
and histone acetyl transferase (HAT)[124]. Histone modifying enzymes contribute to the
activation or inactivation of transcription by catalyzing the unfolding or further
compaction, respectively, of chromatin structure[124].
Excessive ROS is involved in epigenetic gene activation or silencing by changing
DNA methylation levels[125]. ROS production induces alterations in DNA methylation
patterns and global histone acetylation, which then lead to aberrant gene expression,
and may contribute to the process of carcinogenesis[124]. The reduction of global histone
acetylation in short term oxidative stress might be due to an immediate increase of
class I/II HDAC activity by an unknown mechanism[126,127]. Class III HDAC (Sirtuin
NAD+-dependent family of protein deacetylases) has been hypothesized to be
upregulated under oxidative stress because NAD+ levels increase in the mitochondria
under oxidative stress conditions but direct evidence is lacking[126].
Alcohol consumption increases gene-selective acetylation of histone H3 at lysine 9
(H3K9), levels of enzymes mediating histone acetylation, and results in a generalized
increase in DNA methylation[126,127]. These epigenetic-mediated effects of alcohol
consumption regulate the inflammatory response, through key pro-inflammatory
cytokines, such as TNF-α, which is silenced by H3K9 methylation and activated by
H3K9 acetylation[128]. In a macrophage cell line, alcohol treatment resulted in global
increased histone H3 and H4 acetylation and specifically increased acetylation of proinflammatory gene histones[129].
Oxidative stress itself is an important regulator of epigenetic processes by inhibition
of HDAC expression[130]. This takes place via activation of PI3Kδ, a signalling molecule
controlling many inflammatory signalling pathways[131]. Drugs that inhibit PI3Kδ (e.g.,
theophylline, nortriptyline and specific inhibitors) reduce oxidative stress in in vitro
and in vivo models of lung disease[132]. In patients with AH, there is in vitro evidence
that theophylline can enhance response to corticosteroid treatment, which may be
mediated by its epigenetic effects[133]. Targeting epigenetic regulation has recently been
shown to have a beneficial effect in patients with AH; a novel sulphated oxysterol,
DUR-928, was well tolerated and improved liver biochemistry in a small phase 2
clinical trial in AH[134].
Activation of the transcription factor Nrf2 is central to cellular defence against
ROS[135]. Its negative regulator, kelch-like ECM-associated protein 1 (Keap1), promotes
proteasomal degradation of Nrf2. ROS decouples Nrf2 from Keap1, allowing it to
translocate to the nucleus to bind to antioxidant response elements (AREs), initiating a
range of antioxidant processes[135,136]. Both Nrf2 and Keap1 expression are influenced by
epigenetics with evidence of DNA hypermethylation in the Nrf2 promoter[135,136] and
Keap1 promoter[137]. Histone acetylation and deacetylation also modify AREdependent gene expression with Class 1 HDACs reducing Nrf2[138]. Conversely, HDAC
inhibitors restore Nrf2 expression and antioxidant responses. Targeting epigenetic
regulation of Nrf2/Keap1 to ameliorate oxidative stress induced inhibition of
antioxidant responses is an appealing strategy[138]. However, much of this work has
been performed in cancer cell lines and needs further investigation in the context of
ALD.
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IMPLICATIONS FOR THERAPY OF ALD
An improved understanding of the detailed mechanisms by which oxidative stress
influences liver damage in patients with ALD may yield new targets for therapy.
Current data from pre-clinical and clinical studies suggest potential new avenues for
therapy of ALD.

MITOCHONDRIAL STRESS
Chronic alcohol consumption results in significant mitochondrial ROS generation
leading to morphological and functional changes. Preventing ROS generation may
ameliorate this process. Pre-clinical and early phase clinical studies have shown
promise of this approach with SAMe. A systematic review and meta-analysis of 11
randomized controlled trials of SAMe treatment for chronic liver disease concluded
that it improved liver biochemistry (bilirubin and AST) and had a good safety profile
but did not affect mortality[139]. Long term SAMe treatment in patients with ALD does
not appear to be clinically effective with no reduction in adverse events or mortality in
the two included studies performed in patients with ALD[140,141]. However, short term
treatment of the acute mitochondrial stress seen in AH may be a better strategy for the
use of SAMe. A phase 2 clinical trial of SAMe with prednisolone for the treatment of
severe AH demonstrated improved response rate measured by Lille score and a
reduction in hepatorenal syndrome[54]. However, there was no statistically significant
difference in 28-d mortality. It may yet prove to be an effective adjunct to antiinflammatory therapy for AH.
UCPs are strongly associated with mitochondrial stress in ALD. Overexpression of
UCP2 reduces apoptosis and oxidative stress in vitro[142]. Hepatocellular downregulated
mitochondrial carrier protein (HDMCP) expression induced uncoupling and reduced
steatosis in an animal model of NAFLD[143]. However, such an approach may promote
hepatocyte necrosis and increase the risk of hepatocellular carcinoma[144]. Further
studies in this area are required to determine whether targeting UCPs would be a
beneficial therapeutic strategy.

ANTIOXIDANT THERAPY
NAC, an antioxidant therapy that provides cysteine for glutathione synthesis, has been
tested in patients with AH. Although initial trials did not demonstrate a survival
benefit[145,146]. a more recent study of NAC in combination with prednisolone, showed a
reduction in infective events and 1-month mortality[147]. Therefore, NAC has been
suggested for the treatment of AH in clinical practice guidelines, with the caveat that a
definitive randomized controlled trial is still required[148].
Deficiency of key trace elements is associated with oxidative stress, which is
ameliorated by supplementation. Antioxidant therapy including zinc and other trace
elements has shown clinical benefit in patients with AH[122]. However, interpretation is
hampered by use of a variety of antioxidants at differing concentrations and
durations[145,146]. A trial of long-term zinc supplementation in ALD patients has
demonstrated improvements in short-term immune function[149] with long-term clinical
outcomes due to be reported shortly. Improved understanding of the role of trace
elements in ALD and the optimal formulation and duration of treatment is required.

EPIGENETIC REGULATION
Oxidative stress reduces HDAC expression via PI3Kδ activation resulting in increased
expression of pro-inflammatory genes. Studies targeting HDACs have yet to be
performed in patients with ALD. Although in vitro studies suggest an antioxidant
effect of HDAC inhibition with upregulation of Nrf2 expression[138], HDAC inhibitors
approved for use in the treatment of cancer induce cell cycle arrest, apoptosis and
oxidative stress in cancer cells which overexpress HDAC[150]. The effect of HDAC
inhibitors in the context of ALD requires careful in vitro confirmation before clinical
translation. However, targeting PI3Kδ is a more appealing strategy with evidence
from the respiratory field that specific inhibitors reduce oxidative stress in vitro and in
vivo[132].
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CONCLUSION
Alcohol is a major global healthcare and economic burden and is a growing cause of
chronic liver disease. However, there are currently no effective therapies to treat ALD.
Oxidative stress is involved in multiple aspects of ALD pathogenesis (Figure 5).
Chronic alcohol consumption results in the saturation of the ADH pathway and
increased CYP2E1-mediated alcohol metabolism. This leads to the generation of
reactive species including MAA, HNE, lipid hydroperoxides, RNS and ROS, which
cause hepatic damage via lipid and protein peroxidation, adduct formation and
cellular hyper-regulation. Similar damage occurs in hepatic mitochondria with ROS
inducing structural and functional damage. ROS cause oxidative damage through
multiple mechanisms: Promoting cell death via protein mediators, increasing and
sustaining the upregulation of pro-inflammatory mediators, as well as inducing
multiple epigenetic modifications.
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Figure 5 Reactive oxygen species-mediated oxidative damage in the liver. Increased cytochrome p450 2E1-mediated alcohol breakdown and electron
transport chain reduction results in overproduction of reactive oxygen species (ROS). Excess alcohol causes gut hyperpermeability resulting in tight junction
disruption and an excess of lipopolysaccharide translocation from the gut to the liver. Lipopolysaccharide activates NADPH oxidase via toll-like receptor 4 activation
resulting in further ROS production. Excess ROS produce RNS and reduce antioxidant cofactors such as Mn and Zn. ROS induce hepatocyte damage through
activation of apoptosis signal-regulating kinase 1. Nucleotide-binding domain, leucine-rich-containing family, pyrin domain-containing-3 inflammasomes are activated
by ROS, inducing T-helper 17 generation and natural killer T cell-mediated interferon-γ production through interleukin expression. ROS upregulate transcription
factors activator protein 1 and nuclear factor κB resulting in pro-inflammatory cytokine expression causing downstream liver inflammation. Tumour necrosis factor
alpha further upregulates ROS through activating NADPH oxidase via tumour necrosis factor alpha receptor 1. ROS cause an array of functional and structural
mitochondrial damage, which is initially impeded by uncoupling proteins and SAMe expression. ROS mediates epigenetic alterations through interacting with HDACs
which mediate histone acetylation. Ac: Acetylation; ADH: Alcohol dehydrogenase; AP-1: Activator protein 1; ASK1: Apoptosis signal-regulating kinase 1; Cu: Copper;
CYP2E1: Cytochrome p450 2E1; ETC: Electron transport chain; HDAC: Histone deacetylases; IFN: Interferon; IL: Interleukin; LPS: Lipopolysaccharide; Mn:
Manganese; NF-κB: Nuclear factor κB; NKT: Natural killer T-cell; NOX: NADPH oxidase; ROS: Reactive oxygen species; SAMe: S-adenosylmethionine; Se:
Selenium; Th17: T-helper 17 cells; TLR4: Toll-like receptor 4; TNF-α: Tumour necrosis factor alpha; TNFR1: Tumour necrosis factor alpha receptor 1; UCP:
Uncoupling protein; Zn: Zinc.
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Abstract
BACKGROUND
Sodium glucose cotransporter 2 (SGLT2) inhibitors are newly developed oral
antidiabetic drugs. SGLT2 is primarily expressed in the kidneys and reabsorbs
approximately 90% of the glucose filtered by the renal glomeruli. SGLT2
inhibitors lower glucose levels independently of insulin action by facilitating
urinary glucose excretion. The SGLT2 inhibitor ipragliflozin has reportedly
improved liver steatosis in animal models and clinical studies. However, the
mechanisms by which SGLT2 inhibitors improve liver steatosis are not fully
understood.
AIM
To investigate the ameliorative effects of ipragliflozin on liver steatosis and the
mechanisms of these effects in obese mice.
METHODS
We analyzed 8-wk-old male obese (ob/ob) mice that were randomly divided into a
group receiving a normal chow diet and a group receiving a normal chow diet
supplemented with ipragliflozin (3 mg/kg or 10 mg/kg) for 4 wk. We also
analyzed their lean sex-matched littermates receiving a normal chow diet as
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another control group. Body weight and liver weight were evaluated, and liver
histology, immunoblotting, and reverse transcription-polymerase chain reaction
analyses were performed.
RESULTS
Hepatic lipid accumulation was significantly ameliorated in ob/ob mice treated
with 10 mg/kg ipragliflozin compared to untreated ob/ob mice irrespective of
body weight changes. Ipragliflozin had no appreciable effects on hepatic oxidative
stress-related gene expression levels or macrophage infiltration, but significantly
reduced hepatic interleukin-1β (IL-1β) mRNA expression levels. Ipragliflozin
increased both the mRNA and protein expression levels of sirtuin 1 (SIRT1) in the
liver. The hepatic mRNA levels of peroxisome proliferator-activated receptor γ
coactivator 1α (PGC-1α), peroxisome proliferator-activated receptor α (PPARα),
and fibroblast growth factor-21 (FGF21) were also significantly higher in
ipragliflozin-treated ob/ob mice than in untreated ob/ob mice.
CONCLUSION
Our study suggests that the liver steatosis-ameliorating effects of ipragliflozin in
ob/ob mice may be mediated partly by hepatic SIRT1 signaling, possibly through
the PGC-1α/PPARα-FGF21 pathway.

additional data are available.
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Core tip: The selective sodium glucose cotransporter 2 inhibitor ipragliflozin significantly
ameliorated hepatic lipid accumulation in genetically obese (ob/ob) mice and increased
both the mRNA and protein expression levels of sirtuin 1 (SIRT1), a NAD+-dependent
protein deacetylase with numerous substrates, in the liver. Ipragliflozin also significantly
increased the hepatic mRNA levels of peroxisome proliferator-activated receptor γ
coactivator 1α (PGC-1α), peroxisome proliferator-activated receptor α (PPARα), and
fibroblast growth factor-21 (FGF21). The liver steatosis-attenuating effects of ipragliflozin
in ob/ob mice may have been mediated partly by hepatic SIRT1 signaling, possibly
through the PGC-1α/PPARα-FGF21 pathway.
Citation: Suga T, Sato K, Ohyama T, Matsui S, Kobayashi T, Tojima H, Horiguchi N,
Yamazaki Y, Kakizaki S, Nishikido A, Okamura T, Yamada M, Kitamura T, Uraoka T.
Ipragliflozin-induced improvement of liver steatosis in obese mice may involve sirtuin
signaling. World J Hepatol 2020; 12(7): 350-362
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/350.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.350

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), a hepatic manifestation of metabolic
syndrome, is a common chronic liver disease. It includes isolated fatty liver and
nonalcoholic steatohepatitis (NASH), the latter of which can progress to cirrhosis and
liver cancer in some individuals[1]. This disease is associated with obesity, insulin
resistance, and type 2 diabetes mellitus (T2DM). As lifestyles have become
increasingly sedentary and dietary patterns have changed, the worldwide prevalence
of NAFLD has dramatically increased[2]. The most challenging problem is that no
pharmacological therapies have been established for NAFLD so far[3].
Sodium glucose cotransporter 2 (SGLT2) inhibitors are newly developed oral
antidiabetic drugs. SGLT2 is primarily expressed in the kidneys and reabsorbs
approximately 90% of the glucose filtered by the renal glomeruli. SGLT2 inhibitors,
which lower glucose levels independently of insulin action by facilitating the excretion
of glucose in urine, are expected to become candidate therapeutic agents not only for
T2DM but also for NASH/NAFLD[4,5]. Ipragliflozin is a selective SGLT2 inhibitor that
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is orally administered. Previous reports have shown that ipragliflozin improves liver
steatosis in animal models[6-8] and clinical settings[9,10]. However, the mechanisms by
which SGLT2 inhibitors improve liver steatosis are not fully understood.
Recently, chronic administration of an SGLT2 inhibitor was reported to drive a fuel
shift, decreasing tissue glucose disposal and increasing lipid use[11]. Therefore, we
hypothesized that sirtuin 1 (SIRT1), a NAD+-dependent protein deacetylase with
numerous substrates, might be associated with the amelioration of liver steatosis by
SGLT2 inhibitors. SIRT1 plays important roles in controlling energy homeostasis and
longevity in mammals[12,13]. For example, SIRT1 improves sensitivity to both leptin and
insulin, which act on proopiomelanocortin neurons to increase sympathetic activity
toward adipose tissues and to promote the browning of white fat, and is involved in
energy and glucose homeostasis[14]. Pharmacological activation of SIRT1 signaling
reportedly ameliorates fatty liver[15,16]. In contrast, hepatocyte-specific deletion of SIRT1
impairs peroxisome proliferator-activated receptor α (PPARα) signaling, decreases
fatty acid β-oxidation, and results in liver steatosis and inflammation[17]. Peroxisome
proliferator-activated receptor γ coactivator 1α (PGC-1α), a key coactivator for PPARα
signaling[18], is known to be a direct substrate of SIRT1[19]. PGC-1α interacts with
multiple transcription factors to enhance mitochondrial metabolic capacity[20].
Moreover, hepatic SIRT1 attenuates liver steatosis and controls energy balance by
inducing the activation of fibroblast growth factor-21 (FGF21)[21]. Hepatic FGF21 is
regulated by PPARα and is a key mediator of hepatic metabolism[22]. All of the above
findings suggest that the SIRT1-PGC-1α/PPARα-FGF21 pathway is important in lipid
homeostasis in the liver.
It has not been fully elucidated whether the amelioration of liver steatosis mediated
by the SGLT2 inhibitor ipragliflozin is associated with SIRT1 signaling. The objectives
of our study were thus to evaluate the in vivo effects of the selective SGLT2 inhibitor
ipragliflozin on liver steatosis and to investigate the mechanisms by which this SGLT2
inhibitor improves liver steatosis in obese (ob/ob) mice. In particular, the primary
experimental aim was to clarify the role of SIRT1 signaling in ipragliflozin-mediated
attenuation of liver steatosis in ob/ob mice.

MATERIALS AND METHODS
Animals and animal treatment protocol
We purchased 6-wk-old male ob/ob mice and their lean sex-matched littermates from
Charles River Co., Ltd. (Yokohama, Japan). All mice were kept under a 12:12 h lightdark cycle with free access to food and water. After the mice had acclimated to the
rearing environment for 2 wk, they were fed a normal chow diet (CLEA Rodent Diet
CE-2) from CLEA Japan, Inc. (Tokyo, Japan). The diet was changed to a normal chow
diet (D12450B) from Research Diets (Tokyo, Japan) or an ipragliflozin-supplemented
D12450B chow diet when the mice were 8 wk old. The treatment groups were
composed of ob/ob mice that were fed a normal chow diet only or a normal chow diet
supplemented with one of two different doses of ipragliflozin (3 mg/kg or 10 mg/kg,
Astellas Pharma Inc., Tokyo, Japan), and the control group was composed of lean
littermates fed a normal chow diet. The ob/ob mice were randomly assigned to the 3
treatment groups, each of which comprised 8 mice. After 4 weeks of feeding, all mice
were sacrificed, total liver resection was performed, and the specimens were analyzed.
For verification of SGLT2 mRNA expression, liver and kidney specimens were
obtained from C57BL/6 mice purchased from Charles River Laboratories Japan, Inc.

Histological analysis
We used Oil Red O staining to evaluate liver fat deposition in paraffin-embedded liver
tissue specimens. The ImageJ software (NIH) image software program was used to
quantify the Oil Red O-stained areas in 8 microscopic fields at 400-fold magnification.

Immunoblot analyses
Proteins extracted from liver tissue were resolved via polyacrylamide gel
electrophoresis, and the separated proteins in the gels were transferred to
nitrocellulose membranes. The membranes were then probed with primary antibodies
against SIRT1 (Merck, Tokyo, Japan), α-tubulin (Santa Cruz Biotechnology, Inc., TX,
United States), phospho-AMP-activated protein kinase (AMPK), and total AMPK (Cell
Signaling Technology Japan, K. K., Tokyo, Japan). The membranes were then
incubated with corresponding horseradish peroxidase-conjugated secondary
antibodies. The immunoreactive proteins were assessed with an LAS-4000 Image
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analyzer (FUJIFILM Holdings Corporation, Tokyo, Japan), and densitometry was
performed using NIH.

Quantitative reverse transcription-polymerase chain reaction analysis
An RNAiso Plus kit (Takara Bio Inc., Shiga, Japan) was used for total RNA isolation.
An Improm-II Reverse Transcription System (Promega Japan, Tokyo, Japan) was used
for reverse transcription of isolated RNA into cDNA. cDNA samples (1 μg) were
subjected to reverse transcription-polymerase chain reaction (RT-PCR) with a PCR Kit
(TaKaRa) or to quantitative PCR with an Applied Biosystems ViiATM 7 Real-Time PCR
System (Life Technologies Japan, Ltd., Tokyo, Japan) and PowerUpTM SYBRTM Green
Master Mix (Fisher Scientific International, Inc., Pittsburgh, PA, United States). The
specific primer sequences are listed in Table 1. The target mRNA expression levels
were assessed relative to mouse β-actin mRNA (control gene) levels.

Statistical analysis
All data are presented as the mean ± SD. Multiple comparisons were performed with
analysis of variance followed by post hoc tests, as appropriate. P values of less than
0.05 were considered to indicate statistical significance.

RESULTS
Ipragliflozin reduced hepatic lipid accumulation regardless of body weight changes
in ob/ob mice
All mice showed sensitive reactions, normal movement, normal appetite, normal stool,
and stable breathing at the start of the experiment. The mice did not show any adverse
events during the experiment, and no modifications of the experimental protocols
were necessary.
We first tested whether ipragliflozin improved liver steatosis in ob/ob mice. There
were no significant changes in body weight in either the 3 mg/kg or the 10 mg/kg
ipragliflozin-treated ob/ob mice compared with the untreated ob/ob mice after 4 wk of
treatment (Figure 1A). In addition, ipragliflozin did not significantly change the ratio
of liver weight to body weight at the end of the experimental period (Figure 1B). On
the other hand, we found that the livers of the 10 mg/kg ipragliflozin-treated ob/ob
mice had significantly lower Oil Red O-stained areas than those of the untreated ob/ob
mice (Figure 2). These results indicated that ipragliflozin improved liver steatosis
irrespective of body weight changes.

Ipragliflozin increased hepatic SIRT1 protein expression levels in ob/ob mice
To elucidate the mechanism by which ipragliflozin improved liver steatosis in ob/ob
mice, we examined the protein expression levels of hepatic SIRT1. Interestingly,
compared with no treatment, ipragliflozin treatment significantly increased hepatic
SIRT1 protein expression levels by approximately 2-fold in ob/ob mice (Figure 3). These
results suggested that ipragliflozin upregulated the protein expression of SIRT1 in the
livers of ob/ob mice.

Ipragliflozin-mediated attenuation of liver steatosis in ob/ob mice was associated
with SIRT1 signaling
Based on the abovementioned effect of ipragliflozin on the hepatic expression of SIRT1
protein, we analyzed the role of the SIRT1-PGC-1α/PPARα-FGF21 pathway in our
mouse model. Specifically, we examined the mRNA expression levels of SIRT1, PGC1α, PPARα, and FGF21 in the liver. Consistent with the findings regarding hepatic
SIRT1 protein expression, we found that hepatic SIRT1 mRNA expression was
significantly higher in 10 mg/kg ipragliflozin-treated ob/ob mice than in untreated
ob/ob control mice (Figure 4A). Moreover, we found that liver PGC-1α, PPARα, and
FGF21 mRNA expression was significantly higher in ipragliflozin-treated ob/ob mice
than in untreated ob/ob control mice (Figure 4B-D). On the other hand, the hepatic
mRNA levels of fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC), key
regulators of de novo hepatic lipogenesis, did not significantly differ between the
ipragliflozin-treated ob/ob mice and the untreated ob/ob control mice (Figure 4E and F).
These results indicated that the ameliorative effects of ipragliflozin on liver steatosis
were possibly mediated by the SIRT1-PGC-1α/PPARα-FGF21 pathway.
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Table 1 Sequences of the primers used for reverse transcription-polymerase chain reaction
Forward primer sequence

Reverse primer sequence

SIRT1

5’-GTA AGC GGC TTG AGG G-3’

5’-TTC GGG CCT CTC CGT A-3’

PGC-1α

5’-TTG ACT GGC GTC ATT CGG GAG-3’

5’-ATC TGG GCA AAG AGG CTG GTC-3’

PPARα

5’-AGG AAG CCG TTC TGT GAC AT-3’

5’-TTG AAG GAG CTT TGG GAA GA-3’

FGF21

5’-AGA TCA GGG AGG ATG GAA CA-3’

5’-TCA AAG TGA GGC GAT CCA TA-3’

FAS

5’-ACC ACT GCA TTG ACG GCC GG-3’

5’-GGG TCA GGC GGG AGA CCG AT-3’

ACC

5’-GGG CAC AGA CCG TGG TAG TT-3’

5’-CAG GAT CAG CTG GGA TAC TGA-3’

ACOX1

5’-TGG TAT GGT GTC GTA CTT GAA TGA C-3’

5’-AAT TTC TAC CAA TCT GGC TGC AC-3’

ACS

5’-AAA GAT GGC TGG TTA CAC ACG-3’

5’-CGA TAA TCT TCA AGG TGC CAT T-3’

CPT1

5’-CCC TGG GCA TGA TTG CAA-3’

5’-AAG AGG ACG CCA CTC ACG AT-3’

CPT2

5′-CAG ACA GTG GCT ACC TAT GAA TCC T-3′

5′-TGG TCA GCT GGC CAT GGT ATT TGG A-3′

Nox2

5′-GAA AAC TCC TTG GGT CAG CAC T-3′

5′-ATT TCG ACA CAC TGG CAG CA-3′

GPx-1

5′-TTA CAT TGT TTG AGA AGT GCG A-3′

5′-CAA AGT TCC AGG CAA TGT C-3′

SOD-1

5′-CAT TCC ATC ATT GGC CGT-3′

5′-TCA GAC CAC ACA GGG AAT GTT TA-3′

SOD-2

5′-TGT ATA TCT CTG GAG AAC TGG AC-3′

5′-GGC CCT CTT GTG ACT GTA A-3′

IL-1β

5′-AAA CGG TTT GTC TTC AAC-3′

5′-ATG GTG AAG TCA ATT ATG TC-3′

F4/80

5′-CAT CTT GCT GGA GAC TGT-3′

5′-CTG CCA AGT TAA TGG ACT CA-3′

β-actin

5’-AGC CTT CCT TCT TGG GTA-3’

5’-GAG CAA TGA TCT TGA TCT TC-3’

ACC: Acetyl-CoA carboxylase; ACOX1: Acyl-CoA oxidase 1; ACS: Acyl-CoA synthetase; CPT1: Carnitine palmitoyltransferase 1; CPT2: Carnitine
palmitoyltransferase 2; FAS: Fatty acid synthase; FGF21: Fibroblast growth factor-21; GPx-1: Glutathione peroxidase 1; IL-1β: Interleukin-1β; Nox2:
NADPH oxidase 2; PGC-1α: Peroxisome proliferator-activated receptor γ coactivator 1α; PPARα: Peroxisome proliferator-activated receptor α; SIRT1:
Sirtuin 1; SOD-1: Superoxide dismutase 1; SOD-2: Superoxide dismutase 2.

Figure 1 Body weights and liver-to-body weight ratios of obese mice treated with or without ipragliflozin and their lean littermates. A:
Body weights of mice in the lean, obese (ob/ob), ob/ob + ipragliflozin 3 mg/kg, and ob/ob + ipragliflozin 10 mg/kg groups at the end of therapy; B: Liver-to-body
weight ratios of mice in the lean, ob/ob, ob/ob + ipragliflozin 3 mg/kg, and ob/ob + ipragliflozin 10 mg/kg groups at the end of therapy. NS: Not significant; ob/ob:
Obese; Ipra: Ipragliflozin. n = 8.

Ipragliflozin increased the mRNA expression levels of β-oxidation-related enzymes
in ob/ob mice
Furthermore, we analyzed the mRNA expression levels of β-oxidation-related
enzymes in our mouse model. We found that the hepatic mRNA expression levels of
acyl-CoA oxidase 1 (ACOX1), acyl-CoA synthetase (ACS), carnitine
palmitoyltransferase (CPT) 1, and CPT2 were significantly higher in 10 mg/kg
ipragliflozin-treated ob/ob mice than in untreated ob/ob control mice (Figure 5A-D).
These results suggested that ipragliflozin increased both peroxisomal and
mitochondrial β-oxidation in ob/ob mice.
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Figure 2 Evaluation of liver histology in obese mice treated with or without ipragliflozin and their lean littermates. A: Representative hepatic
histology of mice in the lean, obese (ob/ob), ob/ob + ipragliflozin 3 mg/kg, and ob/ob + ipragliflozin 10 mg/kg groups at the end of therapy. The liver sections were
stained with Oil Red O; B: Results of quantitative histomorphometric analysis of the total hepatic lipid content for each experimental group. The Oil Red O-stained
areas were quantified in 8 microscopic fields at 400-fold magnification. bP < 0.01 vs the ob/ob group. ob/ob: Obese; Ipra: Ipragliflozin.

Figure 3 Hepatic sirtuin 1 protein expression in obese mice treated with or without ipragliflozin and their lean littermates. A: Representative
western blot showing the expression of hepatic sirtuin 1 (SIRT1) protein at the end of the treatment period; B: The bar graph below shows the expression of SIRT1
normalized to α-tubulin. bP < 0.01 vs the ob/ob group. Ipra: Ipragliflozin; ob/ob: Obese; SIRT1: Sirtuin 1; α-TUB: α-tubulin. n = 8.

Ipragliflozin decreased the mRNA expression levels of interleukin-1β but had no
appreciable effects on those of oxidative stress-related genes or macrophage
marker in ob/ob mice
We also analyzed oxidative stress, inflammatory cytokine levels, and macrophage
infiltration in our mouse model. Treatment with 3 mg/kg ipragliflozin significantly
increased the hepatic mRNA levels of NADPH oxidase 2 (Nox2), but treatment with 10
mg/kg ipragliflozin did not (Figure 5E). The hepatic mRNA levels of glutathione
peroxidase 1, superoxide dismutase (SOD)-1, or SOD-2, key regulators of oxidative
stress, did not significantly differ between ipragliflozin-treated ob/ob mice and
untreated ob/ob control mice (Figure 5F-H). Ipragliflozin decreased the mRNA
expression levels of interleukin-1β (IL-1β) in ob/ob mice (Figure 5I). However, the
hepatic mRNA expression levels of F4/80 were unchanged by ipragliflozin treatment
(Figure 5J).
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Figure 4 Hepatic mRNA expression of genes related to sirtuin 1 signaling in obese mice treated with or without ipragliflozin and their
lean littermates. A: Hepatic mRNA expression of sirtuin 1 in obese (ob/ob) mice treated with or without ipragliflozin and their lean littermates; B: Hepatic mRNA
expression of peroxisome proliferator-activated receptor γ coactivator 1α in ob/ob mice treated with or without ipragliflozin and their lean littermates; C: Hepatic
mRNA expression of peroxisome proliferator-activated receptor α in ob/ob mice treated with or without ipragliflozin and their lean littermates; D: Hepatic mRNA
expression of fibroblast growth factor-21 in ob/ob mice treated with or without ipragliflozin and their lean littermates; E: Hepatic mRNA expression of fatty acid
synthase in ob/ob mice treated with or without ipragliflozin and their lean littermates; F: Hepatic mRNA expression of acetyl-CoA carboxylase in ob/ob mice treated
with or without ipragliflozin and their lean littermates. aP < 0.05, bP < 0.01 vs the ob/ob group. ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase; FGF21:
Fibroblast growth factor-21; Ipra: Ipragliflozin; NS: Not significant; PPARα: Peroxisome proliferator-activated receptor α; PGC-1α: Peroxisome proliferator-activated
receptor γ coactivator 1α; ob/ob: Obese; SIRT1: Sirtuin 1. n = 8.

SGLT2 was expressed in the kidneys but not in the liver
We next investigated why hepatic SIRT1 signaling was increased in ipragliflozintreated mice. We hypothesized that ipragliflozin increased hepatic SIRT1 signaling by
directly inhibiting SGLT2 in the mouse liver. Therefore, we tested whether SGLT2 was
expressed in the livers of mice. RT-PCR revealed that SGLT2 was expressed in mouse
kidneys but not in mouse livers (Figure 6A).

Ipragliflozin increased AMPK activation in the whole liver
We further assessed the effects of ipragliflozin treatment on the activation of AMPK, a
major metabolic energy sensor and master regulator of metabolic homeostatic
processes, including SIRT1 signaling[23]. Interestingly, ipragliflozin significantly
increased the activation of AMPK in whole livers obtained from mice in the treated
groups (Figure 6B and C).

DISCUSSION
In our study, the SGLT2 inhibitor ipragliflozin ameliorated hepatic lipid accumulation
in a manner associated with hepatic SIRT1 signaling in an experimental obese mouse
model. It was unlikely that the inhibitory effect of ipragliflozin on liver steatosis was
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Figure 5 Hepatic mRNA expression of genes related to β-oxidation, oxidative stress, inflammatory cytokine, and macrophage marker in
obese mice treated with or without ipragliflozin and their lean littermates. A: Hepatic mRNA expression of acyl-CoA oxidase 1 in obese (ob/ob) mice
treated with or without ipragliflozin and their lean littermates; B: Hepatic mRNA expression of acyl-CoA synthetase in ob/ob mice treated with or without ipragliflozin
and their lean littermates; C: Hepatic mRNA expression of carnitine palmitoyltransferase 1 in ob/ob mice treated with or without ipragliflozin and their lean littermates;
D: Hepatic mRNA expression of carnitine palmitoyltransferase 2 in ob/ob mice treated with or without ipragliflozin and their lean littermates; E: Hepatic mRNA
expression of NADPH oxidase 2 in ob/ob mice treated with or without ipragliflozin and their lean littermates; F: Hepatic mRNA expression of glutathione peroxidase 1
in ob/ob mice treated with or without ipragliflozin and their lean littermates; G: Hepatic mRNA expression of superoxide dismutase 1 in ob/ob mice treated with or
without ipragliflozin and their lean littermates; H: Hepatic mRNA expression of superoxide dismutase 2 in ob/ob mice treated with or without ipragliflozin and their lean
littermates; I: Hepatic mRNA expression of interleukin-1β in ob/ob mice treated with or without ipragliflozin and their lean littermates; J: Hepatic mRNA expression of
F4/80 in ob/ob mice treated with or without ipragliflozin and their lean littermates. aP < 0.05, bP < 0.01 vs the ob/ob group. NS: Not significant; ob/ob: Obese; Ipra:
Ipragliflozin; ACOX1: Acyl-CoA oxidase 1; ACS: Acyl-CoA synthetase; CPT-1: Carnitine palmitoyltransferase 1; CPT-2: Carnitine palmitoyltransferase 2; GPx-1:
Glutathione peroxidase 1; IL-1β: Interleukin-1β; Ipra: Ipragliflozin; Nox2: NADPH oxidase 2; SOD-1: Superoxide dismutase 1; SOD-2: Superoxide dismutase 2. n = 8.

mediated by a decrease in body weight because ipragliflozin did not significantly
affect body weight in the mouse model. Some SGLT2 inhibitors (empagliflozin,
dapagliflozin, and canagliflozin) are generally reported to cause weight loss in obese
mice and rats[24-26]. However, consistent with previous reports[7,8], our results showed
that ipragliflozin did not significantly alter body weight in obese mice (Figure 1A). It is
possible that there are pharmacologic differences among SGLT2 inhibitors that cause
them to have different effects on body weight. Further studies are required to confirm
this hypothesis.
The ameliorative effect of ipragliflozin on fatty liver in our experimental obese
mouse model may have involved upregulation of the SIRT1 protein and subsequent
enhancement of hepatic SIRT1 signaling. This hypothetical mechanism is supported by
the following evidence: 1) hepatic SIRT1 protein expression levels in ob/ob mice were
significantly increased by ipragliflozin treatment, and 2) activation of the SIRT1-PGC1α/PPARα-FGF21 pathway was observed by mRNA expression analysis after
ipragliflozin treatment. Ipragliflozin-mediated activation of the SIRT1-PGC1α/PPARα-FGF21 pathway might result in promotion of mitochondrial fatty acid β-
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Figure 6 Hepatic and renal mRNA expression of sodium glucose cotransporter 2 and phosphorylation of AMP-activated protein kinase in
whole livers of obese mice treated with or without ipragliflozin and their lean littermates. A: Reverse transcription-polymerase chain reaction
analysis of SGLT2 expression in mouse livers and kidneys; B: Representative western blot showing the levels of phosphorylated phospho-AMP-activated protein
kinase (p-AMPK) at the end of the 4-wk period of ipragliflozin treatment; C: The expression of p-AMPK protein was normalized to that of t-AMPK protein. aP < 0.05 vs
the ob/ob group. Ipra: Ipragliflozin; p-AMPK: Phospho AMP-activated protein kinase; SGLT2: Sodium glucose cotransporter 2; t-AMPK: Total AMP-activated protein
kinase. n = 8.

oxidation and could account for the attenuation of liver steatosis in ob/ob mice. This
mechanism is supported by a prior study demonstrating that ipragliflozin increases
the hepatic mRNA expression levels of PPARα, a marker of lipid outflow, in Amylin
liver NASH model mice[7]. Moreover, the SGLT2 inhibitor empagliflozin has been
reported to increase the hepatic mRNA levels of PGC-1α and FGF21 in mice with highfat-diet-induced obesity[24]. However, a recent clinical study on NAFLD patients with
T2DM reported that treatment with the SGLT2 inhibitor dapagliflozin decreased
plasma FGF21 levels, while treatment with a combination of dapagliflozin and omega3 carboxylic acids did not[27]. FGF21 contributes to the regulation of mitochondrial
activity and lipolysis in white adipose tissue[23,28] and increases fatty acid oxidation in
the liver[22]. Therefore, an increase in FGF21 in the liver following therapy with
ipragliflozin may promote fat utilization. On the other hand, ipragliflozin did not
change the hepatic mRNA expression levels of FAS and ACC, markers of lipid inflow,
probably because it promoted hepatic fatty acid oxidation without suppressing de novo
hepatic lipogenesis in ob/ob mice. However, a previous report showed that the
expression levels of FAS and ACC, which are upregulated in C57BL/6J wild-type mice
fed a high-fat diet, are significantly suppressed by ipragliflozin[8]. The exact reason for
the inconsistency among these findings is unknown but might be related to the
differences between genetically engineered and wild-type mice or the differences
between the ipragliflozin administration methods used (dietary supplementation vs
drinking water supplementation).
Ipragliflozin did not significantly change the expression levels of oxidative stressrelated genes, with the exception of Nox2, the mRNA expression levels of which were
altered in 3 mg/d ipragliflozin-treated livers; these findings are contradictory to the
findings of a previous study[29]. In addition, ipragliflozin did not significantly change
macrophage infiltration based on the F4/80 mRNA expression data. In contrast,
ipragliflozin significantly decreased IL-1β mRNA expression levels in the liver,
consistent with the findings of a previous study[29]. However, the inhibitory effect of
ipragliflozin on IL-1β mRNA expression was relatively small; thus, ipragliflozin might
have no appreciable effects on oxidative stress. The exact causes of the discrepancy
between our results and previous results regarding hepatic oxidative stress are
unknown; however, differences in the mice and/or experimental protocols used might
have affected the results.
To our knowledge, this is the first report to show that the therapeutic effects of the
SGLT2 inhibitor ipragliflozin are associated with the hepatic expression of the SIRT1
protein. Our findings are supported by a recent report to show that a decrease in renal
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SIRT1 protein expression was rescued by treatment with the SGLT2 inhibitor
canagliflozin in db/db mice[30]. However, because SGLT2 is expressed in the kidneys but
has not been reported to be expressed in the liver, further studies are needed to
elucidate whether the effects of ipragliflozin on the liver are direct or indirect. Because
SIRT1 is an energy-sensing molecule responsible for the promotion of healthy
longevity mediated by caloric restriction[14], it is possible that temporary calorie loss
due to the urinary glucose excretion caused by ipragliflozin may stimulate hepatic
SIRT1. Similar conclusions were reached by Kim et al[31]. In addition, AMPK enhances
SIRT1 activity by increasing cellular NAD+ levels[32], and the interplay between SIRT1
and AMPK is suggested to be reciprocal[33]. Several SGLT2 inhibitors, including
canagliflozin, dapagliflozin, and empagliflozin, activate AMPK in HEK-293 cells, and
canagliflozin activates AMPK in mouse livers in vivo[34]. Such findings are consistent
with our finding that ipragliflozin significantly enhanced AMPK activation in our
mouse model. The activation of hepatic SIRT1 might have been partly due to the
activation of AMPK in our mouse model. Further investigation is needed to elucidate
the mechanism by which hepatic SIRT1 signaling is activated after treatment with the
SGLT2 inhibitor ipragliflozin.
In a previous study, the hepatic mRNA and protein expression levels of not only
SIRT1 but also SIRT3, SIRT5, and SIRT6 were found to be lower in a human NAFLD
group than in a control group[35]. Our findings from the comparison between the lean
mouse group and the untreated ob/ob control mouse group regarding SIRT1 mRNA
and protein expression are consistent with these results[35]. The previous finding that
SIRT1 activators inhibit the expression of lipogenic genes such as FAS and ACC[36,37]
and similar findings that FAS and ACC expressions are increased while hepatic SIRT1
expression is repressed in the human NAFLD group[35] are also consistent with our
data. Interestingly, the expression of SIRT4 has been found to be upregulated in
humans with NAFLD compared with controls[35]. SIRT4 mediates fatty acid oxidation
in liver cells[38] and inhibits the interaction of SIRT1 and PPARα to decrease fatty acid
oxidation[38]. In our study, the mRNA expression levels of genes related to fatty acid
oxidation, ACOX1, CPT1, ACS, and CPT2, were lower in untreated ob/ob control mice
than in lean mice. These results suggest that the expression of SIRT4 might have been
higher in untreated ob/ob control mice than in lean mice in our study.
The limitations of our study are that only one mouse model and only one SGLT2
inhibitor were used. The mechanisms of the effects of SGLT2 inhibitors on NAFLD
should be verified in the future using several animal models of NAFLD and additional
SGLT2 inhibitors.
In conclusion, this study suggests that the liver steatosis-attenuating effects of
ipragliflozin in ob/ob mice may be mediated partly by hepatic SIRT1 signaling, possibly
through the PGC-1α/PPARα-FGF21 pathway. Because SGLT2 inhibitors are widely
used in clinical practice and are characterized by good safety and tolerability profiles,
treatment with these inhibitors may be an effective therapeutic strategy for patients
with liver steatosis induced by T2DM.

ARTICLE HIGHLIGHTS
Research background
The sodium glucose cotransporter 2 (SGLT2) inhibitor ipragliflozin has been reported
to improve liver steatosis in animal models and clinical studies. However, the
mechanisms by which SGLT2 inhibitors improve liver steatosis are not fully
understood. To our knowledge, this is the first report to show that the therapeutic
effects of the SGLT2 inhibitor ipragliflozin are associated with activation of sirtuin 1
(SIRT1) signaling in the liver.

Research motivation
SGLT2 inhibitors are reportedly effective in fatty liver model mice as well as human
nonalcoholic fatty liver disease patients. The mechanisms still need to be elucidated.
Evaluating the mechanisms further may help identify molecules related to
ameliorating fatty liver, allowing us to develop novel therapeutic strategies for fatty
liver in the future.

Research objectives
The main objectives were to investigate the ameliorative effects of ipragliflozin on liver
steatosis and the mechanisms of these effects in obese mice. Another objective was to
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evaluate the effect of ipragliflozin on β-oxidation, oxidative stress, inflammatory
cytokine, and macrophage infiltration in the liver. Our study confirms the ameliorative
effects of SGLT2 inhibitors on liver steatosis and the previously proposed mechanisms,
and proposes a new mechanism, which can promote further research.

Research methods
Obese (ob/ob) mice and their littermates received a normal chow diet or a normal chow
diet plus 2 doses of ipragliflozin for 4 weeks. We examined lipid accumulation, βoxidation, oxidative stress, inflammatory cytokine, and macrophage infiltration in the
liver. Ob/ob mice were suitable for this experiment as they developed fatty liver even
when they received normal chow. In addition, we used two control mouse groups,
ob/ob control mice that received ipragliflozin and ob/ob littermates. In particular, SIRT1
signaling in the liver as a new candidate mechanism by which SGLT2 inhibitors
improve liver steatosis was also assessed.

Research results
Amelioration of hepatic lipid accumulation by SGLT2 inhibitors was confirmed in our
obese mouse model with ipragliflozin. Ipragliflozin-induced SIRT1 upregulation and
SIRT1 signaling, which we propose might be involved in the mechanism by which
ipragliflozin induces improvement of liver steatosis. The hypothesis should be further
verified with different SGLT2 inhibitors in additional models and human samples. The
observed effects of ipragliflozin on oxidative stress and macrophage infiltration, which
were inconsistent with previous studies in the liver, need to be further evaluated.

Research conclusions
The new findings in our study are that SIRT1 signaling may be involved in
the mechanism of ipragliflozin-induced improvement of liver steatosis in ob/ob mice.
Thus, our study offers a new mechanism of ipragliflozin-induced improvement of
liver steatosis. To be more specific, our proposed theory (hypothesis) is that activation
of SIRT1 signaling due to ipragliflozin may ameliorate liver steatosis in ob/ob mice.
This hypothesis and new phenomena were confirmed in our obese mouse model. In
summary, the liver steatosis-attenuating effects of ipragliflozin in ob/ob mice may be
mediated partly by hepatic SIRT1 signaling, possibly through the PGC-1α/PPARαFGF21 pathway. The original insights into our results are that temporary calorie loss
due to urinary glucose excretion caused by ipragliflozin may stimulate hepatic SIRT1,
which might also be partly due to the activation of phospho-AMP-activated protein
kinase in our mouse model. Our study provides additional evidence of SGLT2
inhibitor-induced improvement of liver steatosis; thus, we think that SGLT2 inhibitors
are likely to be beneficial in diabetes mellitus patients with fatty liver in clinical
practice.

Research perspectives
We take particular note of the role of SIRT1 as it plays important roles in controlling
energy homeostasis and longevity in mammals and because the regulation of SIRT1
expression affects fatty liver. Thus, new target molecules that may be involved in
amelioration of liver steatosis by SGLT2 inhibitors may be associated with energy
homeostasis and longevity. We propose that future research should confirm our
hypothesis using different animal models and human samples with different SGLT2
inhibitors or by confirming that upregulation or downregulation of SIRT1 signaling by
the different methods used in our model or previous studies alters hepatic lipid
accumulation. Genetically engineered mice, such as SIRT1 knockout mice, may be one
of the best ways to confirm our results, and could be used to evaluate ipragliflozininduced improvement of liver steatosis.
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Abstract
BACKGROUND
Aloe vera exerts several biological activities, such as, anti-inflammatory,
antioxidant, and antimicrobial effects. It was recently shown to reduce insulin
resistance and triglyceride level. We hypothesized that aloe vera would have
beneficial effects in alleviating non-alcoholic steatohepatitis (NASH) in rats.
AIM
To examine the therapeutic effects of aloe vera in NASH rats.
METHODS
All rats were randomly divided into 3 groups (n = 6 in each group). Rats in the
control group were fed ad libitum with a standard diet for 8 wk. Rats in the
NASH group were fed ad libitum with a high-fat high-fructose diet (HFHFD) for
8 wk. Rats in the aloe vera group were fed ad libitum with a HFHFD and aloe
vera in dimethylsulfoxide (50 mg/kg) by gavage daily for 8 wk. Liver samples
were collected at the end of the treatment period.
RESULTS
Hepatic malondialdehyde (MDA) levels increased significantly in the NASH
group as compared with the control group (377 ± 77 nmol/mg vs 129 ± 51
nmol/mg protein, respectively, P < 0.001). Glutathione (GSH) levels were
significantly lower in the NASH group than the control group (9 ± 2 nmol/mg vs
24 ± 8 nmol/mg protein, respectively, P = 0.001). The expression of interleukin-18
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(IL-18), nuclear factor-kappa β, and caspase-3 increased, while peroxisome
proliferator-activated receptor gamma decreased in the NASH group compared
with the controls. Following aloe vera administration, MDA levels decreased (199
± 35 nmol/mg protein) and GSH increased (18 ± 4 nmol/mg protein) markedly.
Steatosis, hepatocyte ballooning, lobular inflammation and increased hepatocyte
apoptosis were observed in the NASH group. Aloe vera treatment attenuated
these changes in liver histology.
CONCLUSION
Aloe vera attenuated oxidative stress, hepatic inflammation and hepatocyte
apoptosis, thus improving liver pathology in rats with NASH.
Key words: Non-alcoholic steatohepatitis; Aloe vera; Oxidative stress; Hepatic
inflammation; Hepatocyte apoptosis; Peroxisome proliferator-activated receptor
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: To the best of our knowledge, this is the first study to evaluate the therapeutic
effects of aloe vera in non-alcoholic steatohepatitis (NASH). In this animal model of
NASH, we found that aloe vera decreased oxidative stress markers, replenished natural
antioxidants, and reduced hepatic inflammation and hepatocyte apoptosis. Thus, aloe vera
can alleviate the pathologic changes seen in NASH.
Citation: Klaikeaw N, Wongphoom J, Werawatganon D, Chayanupatkul M, Siriviriyakul P.
Anti-inflammatory and anti-oxidant effects of aloe vera in rats with non-alcoholic
steatohepatitis. World J Hepatol 2020; 12(7): 363-377
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/363.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.363

INTRODUCTION
Due to the obesity epidemic, non-alcoholic fatty liver disease (NAFLD) has become the
most common liver disease worldwide with an estimated prevalence of 24%[1]. In the
United States, NAFLD has now surpassed alcoholic liver disease as the leading
indication for liver transplantation in women[2]. A subset of patients with NAFLD
develop non-alcoholic steatohepatitis (NASH) which can lead to fibrosis progression
and cirrhosis[3,4]. Currently, there are no Food and Drug Administration approved
medications for the treatment of NASH. Weight loss, the mainstay of treatment for
NASH, is difficult to achieve and hardly sustainable. Alternative therapies that are
safe, effective and inexpensive are attractive options for the management of lifelong
diseases such as NASH.
Indigenous to Africa, Asia and Mediterranean regions, aloe vera has long been used
as a medicinal plant for various conditions[5,6]. Aloe vera contains at least 75 potentially
active constituents such as vitamins, enzymes, minerals, sugars, plant steroids,
hormones and amino acids[7]. Aloe vera and its constituents exert several biological
activities, for instance, anti-inflammatory (salicylic acid, campesterol, β-sitosterol and
C-glucosyl chromone), antioxidant (vitamin A, C and E), antitumor (anthraquinones
and phorbol myristic acetate), and antimicrobial effects (aloin and emodin)[5,7,8]. Aloe
vera has never been directly studied in NASH but it has shown potential benefits in
other liver conditions such as amelioration of acetaminophen-induced liver damage[9].
Moreover, aloe vera has been shown to reduce insulin resistance and hepatic
triglyceride levels which are major components of NASH[10,11]. With the
aforementioned evidence, we hypothesized that aloe vera could alleviate NASH via its
anti-inflammatory and antioxidant properties. To the best of our knowledge, this is the
first study to evaluate the effects of aloe vera on NASH development in an animal
model.
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Animal preparation
The study protocol was approved by the Institutional Review Board for Animal
Research Studies, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.
Male Sprague-Dawley® rats weighing 220-260 g were obtained from the National
Laboratory Animal Center, Mahidol University, Nakorn Pathom, Thailand. The
animals were kept in a controlled temperature room at 25 ± 1ºC under standard
conditions with a normal 12 h light-12 h dark cycle. All rats had free access to drinking
water. The animals were allowed to acclimate to the new environment for 1 wk prior
to initiation of the experiment.

Aloe vera preparation
Leaves of 1-year-old aloe vera plants were cut and washed thoroughly with water to
cleanse the aloin-containing juice. The spiked edges were sliced off to extract the pulp.
The pulp was then mixed in a blender and sieved through fine gauze. Aloe vera gel
was turned into powder by freeze drying using a lyophilizer. Before use, the aloe vera
powder was reconstituted into gel form and dispensed in distilled water (DW).

Experimental protocol
A total of 18 rats were randomly divided into 3 groups as follows: (1) Group 1 (control
group, n = 6): Rats were fed ad libitum with standard laboratory chow (National
Laboratory Animal Center, Mahidol University, Nakorn Pathom, Thailand) which
contained 35% of total energy from fat, 47% from carbohydrate, and 18% from protein
for 8 wk; (2) Group 2 (NASH group, n = 6): Rats were fed ad libitum with a made-inhouse high-fat high-fructose diet (HFHFD) which contained 55% of total energy from
fat, 35% from carbohydrate (20% from fructose and 15% from starch), and 10% from
protein for 8 wk; and (3) Group 3 (aloe vera group, n = 6): Rats were fed ad libitum
with the HFHFD plus daily administration of aloe vera (50 mg/kg) dissolved in DW
by gavage for 8 wk. Aloe vera powder was supplied by Lipo Chemical Co., United
States.
Animals were weighed weekly during the experimental period. At the end of 8 wk,
all rats were euthanized with sodium thiopental overdose after a 12-h fast. The liver
was surgically removed and cut into several pieces. Three small pieces of liver were
immediately frozen in liquid nitrogen and stored at -80ºC until malondialdehyde
(MDA) and glutathione (GSH) analysis. The remaining liver specimen was fixed in
10% formaldehyde for histopathological examination and the expression of IL-18,
PPARγ, caspase-3, cytochrome-C and NF-kβ was analyzed using an
immunohistochemistry technique.

Hepatic MDA determination
MDA level was measured from homogenized tissue using a commercial assay kit
(Cayman Chemical Company, Ann Arbor, MI, United States). The test involved
measuring the rate of production of thiobarbituric acid-reactive substances under
high-temperature and acidic conditions. The process is described as follows: One gram
of liver tissue was homogenized in radioimmunoprecipitation assay buffer (RIPA
buffer) containing protease inhibitor and sonicated on ice for 15 s. Supernatants were
obtained after centrifugation at 1600 × g for 10 min at 4°C. The absorbance of the
supernatant fraction was read at a wavelength of 532 nm. MDA levels were calculated
from a standard curve and expressed as nmol/mg protein.

Hepatic GSH measurement
GSH level was quantified using a commercial assay kit (Cayman Chemical Company,
Ann Arbor, MI, United States). Liver tissues were washed with phosphate buffered
saline (PBS) solution. Tissues were then homogenized with cold MES buffer before
being centrifuged at 10000 × g for 15 min at 4°C. The supernatants were collected and
deproteinated. The absorbance of the supernatant fraction was read at a wavelength of
405 nm and GSH values were calculated from a standard curve and expressed as
nmol/mg protein.

Immunohistochemistry for hepatic IL-18, PPAR-γ, NF-kβ, caspase-3, and
cytochrome-C expression
After being xed in formaldehyde, liver samples were embedded in paraffin and
sliced at a thickness of 3 μm. The tissue sections were then deparaffinized with xylene
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and ethanol for 10 min. Antigen retrieval was achieved by treating the slides with
citrate buffer at pH 6.0 and heating in a microwave for 13 min. The slides were
incubated with 3% hydrogen peroxide to block endogenous peroxidase activity for 5
min and with 3% normal horse serum to block nonspecific binding for 20 min. Tissues
were then washed with PBS solution. The sections were subsequently incubated with
primary antibodies for IL-18 (Gene Tex, CA, United States), PPAR-γ (Santa Cruz
Biotechnology, CA, United States), NF-kβ (Abcam, MA, United States), caspase-3, and
cytochrome-C (R and D, United States) for 30 min at room temperature and washed
again with PBS solution. The slides were then incubated with specific secondary
antibodies for 30 min at room temperature. When color development with
diaminobenzidine was detected, the sections were counterstained with hematoxylin.
Under light microscopy, IL-18-positive cells were defined as Kupffer cells with dark
brown-stained nuclei. Hepatocytes with PPAR-γ, NF-kβ, caspase-3 and cytochrome-C
expression were characterized as liver cells with brownish nuclei. Images of each
sample were taken at high-magnication (40 ×). The numbers of positive stained cells
were counted using Aperio ImageScope software (Leica Biosystems Imaging, Inc., MD,
United States) and expressed as the percentage of immunoreactive cells or average
intensity (pixel).

Histopathological examination
Liver samples were processed using a standard technique. Collected liver tissue was
fixed in 10% formalin at room temperature for 24-48 h, embedded in paraffin and
sectioned at 3 μm using a microtome. Each tissue section was stained with
hematoxylin and eosin and placed on glass slides for light microscopic examination.
An experienced pathologist blinded to the experiment evaluated all samples. All fields
in each section were examined and graded for steatosis (0-3), hepatocyte ballooning (03) and lobular inflammation (0-3) according to the criteria described by Brunt et al[12].
The percentage of apoptotic hepatocytes was determined by terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method using the
ApopTag® Peroxidase In Situ Apoptosis Detection kit (Millipore, CA, United States).
The procedure was performed according to the manufacturer’s instructions.

Statistical analysis
Continuous data are presented as mean ± SD. One-way ANOVA and the post-hoc
Tukey HSD were used to compare results between the groups. A P value of less than
0.05 was considered statistically significant. All statistical analyses were performed
using SPSS Statistics for Windows version 17 (SPSS, Inc., Chicago, IL, United States).

RESULTS
Body weight changes in each group
There were no differences in body weight among the groups at the beginning of the
experiment. After eight weeks, rats fed with the HFHFD (NASH group) had lower
body weight than those in the control group (223 ± 14.0 g vs 417 ± 11.2 g, respectively,
P < 0.001). Following aloe vera administration, rats in the treatment arm gained more
weight than those in the NASH group (276 ± 3.6 g vs 223 ± 14.0 g, respectively, P <
0.001) (Figure 1).

Liver histopathology
The histologic scores in each group are summarized in Table 1. Liver histology was
normal in the control group. In contrast, liver pathology in the NASH group revealed
significant macrovesicular and microvesicular steatosis, hepatocyte ballooning and
lobular inflammation. Following aloe vera treatment, liver pathology significantly
improved with only mild steatosis, minimal hepatocyte ballooning and lobular
inflammation present (Figure 2A).

Hepatic MDA and GSH levels
As shown in Figure 3A, MDA levels in the NASH group were significantly higher than
those in the control group (377 ± 77 nmol/mg vs 129 ± 51 nmol/mg protein, P < 0.001).
MDA levels declined significantly in rats receiving aloe vera along with HFHFD
compared to those receiving HFHFD alone (199 ± 35 nmol/mg vs 377 ± 77 nmol/mg
protein, P < 0.001). As demonstrated in Figure 3B, GSH levels in the NASH group
were significantly lower than those in the control group (9 ± 2 nmol/mg vs 24 ± 8
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Table 1 Summary of steatohepatitis and necroinflammation scores in all experimental groups
Steatosis

Group

Inflammation

Ballooning

0

1

2

3

0

1

2

3

0

1

2

Control

-

-

-

-

-

-

-

-

-

-

-

Non-alcoholic steatohepatitis

-

-

3

3

0

5

1

-

-

4

2

Aloe vera

3

3

-

-

2

4

-

-

3

3

-

The scoring system was based on the study by Brunt et al[11].

Figure 1 Mean body weight changes in rats in each group. Data at each time point are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis.

nmol/mg protein, P < 0.001). Aloe vera treatment led to a notable rise in hepatic GSH
levels (18 ± 4 nmol/mg vs 9 ± 2 nmol/mg protein in the aloe vera and NASH groups,
respectively, P = 0.04).

Hepatic expression of IL-18, PPAR-γ, and NF-kβ by immunohistochemistry
As illustrated in Figures 2, 4, and 5, the expression of IL-18 and NF-kβ increased, while
the percentage of PPAR-γ positive cells decreased in the NASH group as compared to
controls. In contrast, aloe vera treatment restored the changes in hepatic IL-18, PPARγ, and NF-kβ expression to the levels close to those observed in the control group.

Hepatic expression of caspase-3 and cytochrome-C, and the degree of hepatocyte
apoptosis by the TUNEL method
Using the TUNEL method, we found that the degree of hepatocyte apoptosis was
significantly higher in the NASH group as compared with the control and aloe vera
groups. Similarly, markers of apoptosis such as caspase-3 and cytochrome-C were also
higher in the NASH group, while the expression of these 2 markers was similar in the
control and aloe vera groups (Figures 2 and 6).

DISCUSSION
The pathogenesis of NAFLD is a complex process involving insulin resistance and
lipid accumulation in the liver followed by lipid peroxidation, oxidative stress, and
inflammatory responses[13]. Insulin resistance facilitates adipose tissue lipolysis
followed by the release of free fatty acids (FFA) in the serum, and promotes
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Figure 2 Representative images on light microscopy using hematoxylin and eosin stain, terminal deoxynucleotidyl transferase dUTP
nick end labeling stain for apoptosis, or immunohistochemistry stains for NF-kβ, cytochrome-C and caspase-3. A: Hematoxylin and eosin
stain; B: Terminal deoxynucleotidyl transferase dUTP nick end labeling stain; C: Immunohistochemistry stains; D: Cytochrome-C; E: Caspase-3. Control groups are
presented on the left column; non-alcoholic steatohepatitis group in the middle and aloe vera group on the right column. Arrowheads point to positive cells. NASH:
Non-alcoholic steatohepatitis.

lipogenesis in the liver, thus increasing hepatic fat accumulation. These lipids,
especially saturated fatty acids (SFA), lead to lipotoxic stress in the endoplasmic
reticulum and mitochondria and subsequently hepatocyte apoptosis. Moreover, SFA
can activate toll-like receptor-4 leading to NF-kβ activation and TNF-α and IL-6
production, the important cytokines associated with inflammatory responses in the
liver[14].
Our results showed that aloe vera improved liver histopathological changes
associated with HFHFD. In this experiment, we used aloe vera crude extract; therefore,
we could not pinpoint the actual active ingredient of aloe vera that might have
therapeutic effects against NASH. Previous studies suggested that phytosterols were
the potential substances of interest. Misawa and colleagues evaluated the effects of
lophenol and cycloartanol extracted from aloe vera gel on glucose and lipid
metabolism in diabetic, obese rats. The authors found that lophenol and cycloartanol
reduced the expression of both gluconeogenic and lipogenic genes in the liver along
with the reduction in hepatic fat contents. This study, however, did not evaluate liver
histology[15]. Similarly, Nomaguchi et al[16] used five phytosterols isolated from aloe
vera gel in mice fed with high fat diet and found that aloe vera phytosterols could
reduce body fat and liver triglyceride.
Accumulating evidence supports the implication of lipid peroxidation and oxidative
stress in the development of NAFLD[17-19]. In accordance with other research, we found
that MDA levels, a marker of oxidative stress, increased in rats with NASH as
compared with the control group. Moreover, natural antioxidants, such as GSH,
significantly declined in animals receiving HFHFD further perpetuating oxidative
stress in the liver. The administration of aloe vera attenuated the increment in MDA
levels and restored GSH levels in rats with NASH. Despite not being studied directly
in animal models of NASH, aloe vera has been shown to reduce oxidative stress
markers such as thiobarbituric acid reactive substances and increase natural
antioxidants such as GSH and superoxide dismutase in streptozotocin-induced
diabetic rats[20].
PPAR-γ, a member of the nuclear hormone receptor superfamily, is involved in the
regulation of adipocyte differentiation, lipid metabolism, and liver inflammation[21-23].
In vitro and in vivo studies suggested that PPAR-γ provided protection against NASH
by inhibiting hepatic stellate cell proliferation and migration[24], reducing proinflammatory cytokine production, and suppressing fatty acid synthesis[22]. Zhao et al[21]
previously demonstrated that the mRNA levels of PPAR-γ were lower in rats fed with
high fat diet and the levels were negatively correlated with the degree of hepatic
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Figure 3 Hepatic malondialdehyde and glutathione levels in each group. A: Malondialdehyde; B: Glutathione. Data are expressed as mean ± SD.
NASH: Non-alcoholic steatohepatitis; MDA: Malondialdehyde; GSH: Glutathione.

inflammation, necrosis and fibrosis, as well as serum TNF-α and hepatic MDA
contents. Similarly, we found that PPAR-γ expression was significantly lower in rats
with NASH and this was restored to the level of control rats with aloe vera treatment.
Comparable with our results, Nomaguchi et al[16] found that aloe vera could stimulate
PPAR-γ and α activities in a dose-dependent manner as well as decrease body fat,
hepatic triglyceride levels and serum lipid panels in diet-induced obese mice[16].
Recent data suggested that hepatocyte apoptosis may play a pivotal role in the
progression of NAFLD[25,26]. Lipid accumulation, especially saturated FFAs and free
cholesterol, may sensitize Fas- and TNF-mediated hepatocyte apoptosis and induce
mitochondrial dysfunction, thus activating both extrinsic and intrinsic pathways of
apoptosis[25-27]. The activation of both pathways leads to the release of pro-apoptotic
proteins such as cytochrome-C, which then triggers the downstream effector caspases
3, 6, and 7 to initiate the apoptotic processes[28]. In this study, we found increases in
hepatocyte apoptosis on liver histology, and cytochrome-C and caspase-3 expression
in rats with NASH. Conversely, the degree of apoptosis and its markers decreased
significantly with aloe vera treatment. To the best of our knowledge, this is the first
study to evaluate the effect of aloe vera on hepatocyte apoptosis.
IL-18 has previously been shown to be involved in both innate and acquired
immune responses by inducing several cytokines such as interferon-γ, TNF-α and IL1[29]. However, recent studies demonstrated that IL-18 also played an important role in
the regulation of metabolic functions and the development of NAFLD and NASH.
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Figure 4 The expression of IL-18, PPAR-γ, and NF-kβ using immunohistochemistry methods. A: IL-18; B: PPAR-γ; C: NF-kβ. The positive cells
were counted by Aperio ImageScope software. Data are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis.

Animal studies reported increases in food intake, body weight, insulin resistance,
serum glucose and serum lipid levels, and eventually the development of NASH in IL18 deficient mice[30,31]. The severity of NASH also appeared to be higher in IL-18
knockout mice as compared to wild-type mice[32]. In our study, we found increased
expression of IL-18 in rats fed with HFHFD and this was normalized by the
administration of aloe vera. These findings could be explained in 2 ways. The elevated
IL-18 expression could be an attempt to offset the metabolic derangement due to
HFHFD or simply the inflammatory responses from fat accumulation in the liver.
Human studies showed similar results of elevated IL-18 levels in patients with NAFLD
and these levels were positively correlated with the degree of liver injury[33,34].
Although the presence of IL-18 is crucial in maintaining energy homeostasis, the
overexpression of IL-18 could accelerate hepatocyte apoptosis and perpetuate severe
liver damage[35]. Aloe vera treatment decreased IL-18 expression through its antiinflammatory and insulin sensitizing effects[10].
A unique finding in our study was the presence of weight loss in rats fed with
HFHFD. This was unexpected given that several experimental models of NASH
showed significant weight gain in rats receiving HFHFD compared with control
diet[36-38]. This finding of weight loss was previously seen in a NASH model produced
by a methionine and choline deficient diet[39,40]. We could not ascertain the amount of
methionine and choline in our diet formula but it was possible that both nutrients
were at low levels given a protein content of only 10% in our custom diet. Another
hypothesis was the presence of high monounsaturated and polyunsaturated fatty acid
contents in our diet (19% and 6% of total energy, respectively). Studies have shown
that mono- and polyunsaturated fatty acids are associated with higher post-prandial
fat oxidation, diet-induced thermogenesis, decreased appetite and less weight gain as
compared with SFAs[41-44]. Lastly, we did not measure the total caloric intake of rats in
each group; therefore, we could not say with absolute certainty that rats with HFHFD
diet received an equal amount of calories compared to control rats. It is important to
note, however, that liver histology in our model was consistent with NASH despite
weight loss.
Our study, however, was not without limitations. First, rats with NASH in our
model were slim, which differed from the usual NASH phenotype in humans. Our
findings may be useful in the understanding of “lean” NASH in humans, but
translating our results to “obese” NASH should be done with caution. Second, aloe
vera and HFHFD were administered simultaneously resulting in our study
representing more of a prevention model than treatment model. Further studies are
warranted to confirm the therapeutic effects of aloe vera. Third, we only evaluated the
gross effects of aloe vera on NASH development in this study. Additional in vitro
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Figure 5 Representative images on light microscopy using immunohistochemistry stains for IL-18 and PPAR-γ. A: IL-18; B: PPAR-γ. Control
groups are presented on the left column; non-alcoholic steatohepatitis group in the middle and aloe vera group on the right column. Arrowheads point to positive cells.
NASH: Non-alcoholic steatohepatitis.

studies are needed to determine cellular and subcellular targets of aloe vera.
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Figure 6 The expression of caspase-3 and cytochrome-C using immunohistochemistry methods, and the degree of hepatocyte
apoptosis using terminal deoxynucleotidyl transferase dUTP nick end labeling methods. A: Caspase-3; B: Cytochrome-C; C: Degree of hepatocyte
apoptosis. The positive cells were counted by Aperio ImageScope software. Data are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis; TUNEL:
Terminal deoxynucleotidyl transferase dUTP nick end labeling.
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In summary, aloe vera reduced lipid accumulation, oxidative stress, hepatic
inflammation, hepatocyte apoptosis and histologic changes in this rat model of NASH.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver diseases
worldwide. However, there is no Food and Drug Administration (FDA) approved
medication for the treatment of NAFLD. Aloe vera has previously been shown to have
anti-inflammatory and anti-oxidant properties, which might be beneficial in the
treatment of NAFLD.

Research motivation
With the absence of FDA-approved treatment for NAFLD, we attempted to find a safe
and effective treatment for NAFLD. Alternative medicines that are safe, effective and
inexpensive are attractive options for the management of life-long diseases, such as
non-alcoholic steatohepatitis (NASH).

Research objectives
The main objective of this study was to evaluate the effects of aloe vera on NASH
development in an animal model.

Research methods
Rats were divided into 3 groups: Control, NASH [rats received high-fat high-fructose
diet (HFHFD) to induce NASH pathology], and NASH + aloe vera. We compared liver
histopathology, oxidative stress marker [malondialdehyde (MDA)], anti-oxidant level
[glutathione (GSH)], inflammatory marker (IL-18), degree and markers of hepatocyte
apoptosis [terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL),
caspase-3, cytochrome-C], and PPAR-γ expression among the three groups.

Research results
We found that by administering aloe vera along with HFHFD, we were able to
significantly reduce the severity of NASH pathology in this animal model. In this
study, aloe vera treatment increased the level of natural anti-oxidant (GSH), reduced
oxidative stress (MDA) and inflammatory markers (IL-18), and decreased the degree
of hepatocyte apoptosis (TUNEL). At the subcellular level, we also found that aloe
vera increased the expression of PPAR-γ and reduced the expression of NF-kβ,
caspase-3 and cytochrome-C.

Research conclusions
This is the first study to evaluate the effects of aloe vera in rats with NASH. We found
that aloe vera reduced the severity of NASH pathology in rats that received HFHFD.
We hypothesized that aloe vera exerted its treatment effects by reducing oxidative
stress and inflammation in the liver.

Research perspectives
The rats in our model were lean, so our results might not be entirely applicable to
obese NASH that is seen more commonly in humans. Further studies with an obese rat
model are warranted to confirm the effects of aloe vera in those conditions. Moreover,
we used aloe vera crude extract in this study. Additional studies will be needed to
identify the active ingredients in aloe vera that have anti-NASH effects.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a systemic disease with bidirectional
relationships with cardiovascular disease (CVD). Non-alcoholic steatohepatitis
(NASH) is a more severe subtype of NAFLD. Patients with NASH exhibit more
intra and extrahepatic inflammation, procoagulant imbalances and
proatherogenic lipid profiles. Whether NASH increases the risk of ischemic heart
disease is currently unclear.
AIM
To investigate the relationship between acute myocardial infarction (MI) and
NASH in a large cohort of subjects in the United States.
METHODS
We reviewed data from a large commercial database (Explorys IBM) that
aggregates electronic health records from 26 large nationwide healthcare systems.
Using systemized nomenclature of clinical medical terms (SNOMED CT), we
identified adult with the diagnosis of NASH from 1999-2019. We included
patients with the diagnosis of acute MI from 2018-2019. Comorbidities known to
be associated with NASH and MI such as obesity, diabetes mellitus,
hyperlipidemia, smoking, male gender, and hypertension were collected.
Univariable and multivariable analyses were performed to investigate whether
NASH is independently associated with the risk of MI.
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RESULTS
Out of 55099280 patients, 43170 were diagnosed with NASH (0.08%) and 107000
(0.194%) had a MI within 2018-2019. After adjusting for traditional risk factors,
NASH conferred greater odds of MI odds ratio (OR) 1.5 [95% confidence interval
(CI): 1.40-1.62]. Hyperlipidemia had the strongest association with MI OR 8.39
(95%CI: 8.21-8.58) followed by hypertension OR 3.11 (95%CI: 3.05-3.17) and
smoking OR 2.83 (95%CI: 2.79-2.87). NASH had a similar association with MI as
the following traditional risk factors like age above 65 years OR 1.47 (95%CI: 1.451.49), male gender OR 1.53 (95%CI: 1.51-1.55) diabetes mellitus OR 1.89 (95%CI:
1.86-1.91).
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CONCLUSION
MI appears to be a prevalent disease in NASH. Patients with NASH may need
early identification and aggressive cardiovascular risk modification.
Key words: Non-alcoholic steatohepatitis; Myocardial infarction; Non-alcoholic fatty liver
disease; Ischemic cardiovascular disease; United States population; Atherosclerosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Non-alcoholic steatohepatitis (NASH) is a severe subtype of nonalcoholic fatty
liver disease. The progression of non-alcoholic fatty liver disease is mirrored by activation
of hepatic and systemic inflammatory cascades that maybe implicated in the pathogenesis
of cardiovascular disease. Using a large electronic medical record database, we performed
a national-based population study to investigate the association between NASH and
myocardial infarction (MI). In this large cohort study, NASH was associated with
increased risk of MI independent of traditional risk factors. Close follow up and aggressive
risk modification maybe indicated to prevent major cardiovascular events in patients with
NASH.
Citation: Ghoneim S, Dhorepatil A, Shah AR, Ram G, Ahmad S, Kim C, Asaad I. Nonalcoholic steatohepatitis and the risk of myocardial infarction: A population-based national
study. World J Hepatol 2020; 12(7): 378-388
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/378.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.378

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic
syndrome (MetS) defined by the presence of central obesity, insulin resistance and
dyslipidemia[1-3]. The severity of NAFLD ranges from simple steatosis to non-alcoholic
steatohepatitis (NASH), liver fibrosis progressing to cirrhosis and hepatocellular
carcinoma[1,2]. Non-alcoholic liver disease is a world-wide chronic disease and the most
common liver disorder in North America[2-5]. The prevalence of NAFLD in the United
States is reported to be 10%-46% with approximately 7%-30% meeting the criteria of
NASH[6].
NAFLD is not only associated with increased liver-related morbidity and mortality,
it is also associated with increased risk of mortality due to cardiovascular disease
(CVD)[7-9]. The distillation of NAFLD as an independent risk factor for CVD is impeded
by overlap with established risk factors for CVD that are also risk factors for NAFLD.
Even in the absence of cardiovascular mortality, CVD is highly prevalent in patients
with NAFLD[7-9]. There is convincing data supporting the association of NAFLD with
subclinical atherosclerosis, carotid arthrosclerosis and venous thromboembolic
events[10-13]. The severity of coronary artery disease is also higher in patients with
NAFLD diagnosed by coronary angiography[14]. Several mechanisms have been
proposed by which NAFLD may give rise to CVD. Endothelial damage is considered
the first step in atherosclerosis. Intrahepatic and systemic endothelial damage have
been noted in NAFLD and are more pronounced in NASH[15]. Second, inflammation
fuels CVD and promotes endothelial damage, by altering vascular tone and enhancing
platelet dysfunction[16]. Circulating proinflammatory cytokines are increased in
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NAFLD and are highly expressed in NASH[17]. Moreover, the liver plays a key role in
whole body lipid metabolism. Serum lipid profiles mirror disease severity and are
significantly higher in NASH[17]. Furthermore disturbances in haemostasis are seen in
NAFLD and correlate with disease severity[18]. Nonetheless, the role of NAFLD as an
independent cardiovascular risk is still debatable with research yielding contradictory
results. In one meta-analysis that included 34043 subjects, NALFD was associated with
increased overall mortality deriving from liver-related and CVD odds ratio (OR) 1.57
[95% confidence interval (CI): 1.18-2.10)[19]. In a prospective study, Baratta et al[20]
reported NAFLD to have more than a 2-fold risk increase and those with fibrosis had a
fourfold increase in cardiovascular events defined as fatal or nonfatal ischemic stroke
or myocardial infarction (MI).
Other studies have failed to confirm this association[7,8]. This data however should be
interpreted with caution because of methodological issues. To illustrate, the diagnosis
of NAFLD relied on ultrasound imaging or biochemical testing both of which correlate
poorly with histological findings. Furthermore, the degree of disease severity was not
stratified in any of these studies. As we highlighted above, the progression of NAFLD
is mirrored by increased activation of bidirectional pathways that maybe involved in
ischemic CVD. Whether NASH is associated with an increased risk of MI in the United
States population remains unclear. Given the lack of consensus on this important
issue, and the ambiguity of data around this question, the aim of this study is to
investigate the association between NASH and MI in United States population.

MATERIALS AND METHODS
Study design
This is a retrospective analysis of a large electronic health record (EHR)-based
commercial database called Explorys (IBM). Explorys platform assimilates patient
information from 26 major healthcare systems spread over 50 states in the United
States. It stores over 60 million unique patient records[20]. Patient information is then
de-identified, standardized and stored in a cloud database[20,21]. The Explorys platform
uses SNOMED CT for medical diagnoses and procedures. For diagnoses, International
Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes are
mapped into the SNOMED-CT hierarchy[20]. Cohorts can further be refined
demographically and comorbid diseases can be extracted[20,21]. The use of Explorys has
been validated in multiple fields including Cardiology and Gastroenterology[20]. This
platform is Health Insurance Portability and Accountability Act and Health
Information Technology for Economic and Clinical Health Act compliant[20]. The Case
Western Reserve University/Metrohealth Medical Center Institutional Review Board
deemed studies using Explorys, as the dataset of record, as exempt from approval
because all patient information is de-identified. Explorys protects patient
confidentiality by approximating each population count to 10. All counts between 0
and 10 are treated equally. For the purpose of this study, counts between 0 and 10
were approximated to be five[21].

Patient selection
Subjects with active electronic health records since 1999 were identified using the
search tool in Explorys. Using the SNOMED-CT diagnosis “Non-alcoholic
steatohepatitis”, we identified patients who were diagnosed with NASH between
1999-2019. Patients with the diagnosis of “fatty liver disease”, “alcoholic hepatitis” and
“alcoholic fatty liver disease” were excluded. Patients with MI were identified as those
with the following SNOMED-CT diagnosis “Acute myocardial infarction”. To
establish a temporal relationship with NASH, only those with the diagnosis of acute
MI within the last year of the study, 2018-2019, were included. Controls were
identified as those patients without the diagnosis of NASH. For our analysis we
identified cohorts of patients with NASH, with and without MI. It was not possible to
perform propensity-score matching because this database only provides populationlevel data and not individual cases.

Covariates
The following characteristics were collected: demographic factors such as age, sex, and
comorbidities, known to be associated with NASH and MI (hyperlipidemia,
hypertension, obesity, diabetes mellitus, smoking age and gender), by searching the
database for their respective SNOMED-CT terms.
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Statistical analysis
To assess the association between MI with risk factors we divided the whole cohort of
patients into MI and Non-MI patients. The prevalence of MI was calculated by
dividing the number of patients with MI in each risk group (NASH, hypertension,
diabetes mellitus, obesity, hyperlipidemia, age, gender and smoking). Frequency and
percentages were used for statistical description of categorical variables and compared
using the Pearson χ2 test. ORs are presented with 95%CIs. Univariate binary logistic
model was constructed using MI as dependent variable and other variables as
independent variables. To adjust for possible confounding, a multivariable model
adjusting for all covariates mentioned in univariate variables were added to test the
main effect. Analyses were performed using R version 3.6.1 (The R Foundation,
Vienna, Austria). Independence among covariate risk factors was assessed using the
variance inflating factor (VIF) with cut-off of significant collinearity set at VIF > 1.5.
“Goodness-of-fit” was assessed for all regression models using the Hosmer-Lemeshow
test, with P > 0.05 indicating good fit. Two-sided P values were used and were
considered statistically significant if P < 0.05.

RESULTS
Out of 55099280 patients, 43170 patients were diagnosed with NASH (0.08%) and
107000 (0.194%) had acute MI within 2018-2019. Baseline characteristics of subjects
included in this study are displayed in Table 1.
The prevalence of MI in subjects with NASH was 10.24% and 0.18% in the nonNASH group. In overall unadjusted analysis, the unadjusted OR for MI in patients
with NASH was 10.66 (95%CI: 9.58-10.94). Hyperlipidemia was strongly associated
with increased risk of MI OR 40.13 (95%CI: 39.47-40.79), followed by hypertension OR
27.43 (95%CI: 27.00-7.86) and the male gender OR 17.61 (95%CI: 17.41-17.81). Diabetes,
obesity, smoking and age above 65 years had slightly lower association with MI than
NASH OR 12.57 (95%CI: 12.44–12.71), 8.19 (95%CI: 8.09-8.28), 6.71 (95%CI: 6.64-6.79)
and 4.97 (95%CI: 4.92-5.03), respectively (Table 2).
Compared to the older NASH population, the younger NASH population had a
higher relative risk of MI. The relative risk of MI decreased with older age [40-49 (10.1,
P < 0.0001), 50-59 (7.7, P < 0.0001), 60-69 (5.5, P < 0.0001), 70-79 (5.2, P < 0.0001) and age
above 80 years (5.1, P < 0.0001)] (Figure 1).
Gender differences in NASH contributed to the disparities observed in the relative
risk of MI among each age group. Within the 40-49 years group, females had a higher
risk of MI compared to their male counterparts (15.8 vs 6.3, P < 0.0001).
Compared to the younger NASH females, the older group had a lower relative risk
of MI; while males with NASH maintained a relatively more stable relative risk of MI
throughout their lifetime [age 50-59 (11.6 vs 5.4, P < 0.0001); age 60-69 (7.1 vs 4.8, P <
0.0001); age 70-79 (5.1 vs 5.7, P < 0.0001)] (Figure 2).
The absolute risk of MI was also higher in subjects with NASH than non-NASH and
increased with age [40-49 (0.74 vs 0.07), 50-59 (1.4 vs 0.2), 60-69 (1.8 vs 0.3), age 70-79
(2.4 vs 0.5), and above 80 years (1.9 vs 0.4)] (Figure 1).
After adjusting for age, gender, smoking, hyperlipidemia, hypertension, diabetes
and smoking, the diagnosis of NASH had a significant association with MI OR 1.5
(95%CI: 1.40-1.62) (Table 3).
Hyperlipidemia had the strongest association with MI OR 8.39 (95%CI: 8.21-8.58)
followed by hypertension OR 3.11 [95%CI: 3.05-3.17), and smoking OR 2.83 [95%CI:
2.79-2.87) (Figure 3). NASH had comparable association with MI when compared to
traditional risk factors such as age above 65 OR 1.47 (95%CI: 1.45-1.49), male gender
OR 1.53 (95%CI: 1.51-1.55) and diabetes mellitus OR 1.89 (95%CI: 1.86-1.91) (Table 3).

DISCUSSION
There is increasing evidence suggesting the relationship between NAFLD and CVD
extends beyond risk factors common to both chronic conditions[22,23]. A number of
population studies have also confirmed this association and have suggested that
individuals with NAFLD should be screened for CVD. Other studies have shown that
CVD risk increases with the severity of NAFLD[24,25]. Our study used a large
population-based database to evaluate the relationship between NASH and MI in the
United States. We included over 55 million patients in our study, of which 43170 were
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Table 1 Baseline characteristics of subjects with co-morbidities included in this study
Total cohort

Proportion (%)

NASH cohort

Proportion (%)

Total cohort

55099280

43170

Male gender

24569555

45

17380

40

Age above 65 yr

15333620

28

17020

39

Essential hypertension

11043970

20

32040

74

Hyperlipidemia

9539460

17

31030

72

Smoking

4993910

9

9920

23

Diabetes mellitus

4785840

9

24640

57

Obesity

4226640

8

25570

59

NASH: Non-alcoholic steatohepatitis.

Table 2 Unadjusted odds ratio of having an associated diagnosis of myocardial infarction based on subjects’ co-morbidities
Odds ratio

95%CIb

Hyperlipidemia

40.13

39.47-40.79

Essential hypertension

27.43

27.00-7.86

Male gender

17.61

17.41-17.81

Diabetes mellitus

12.57

12.44–12.71

NASH

10.66

9.58-10.94

Obesity

8.19

8.09-8.28

Smoking

6.71

6.64-6.79

Age above 65 yr

4.97

4.92-5.03

b

P < 0.01 unless otherwise stated. NASH: Non-alcoholic steatohepatitis; CI: Confidence interval.

Table 3 Adjusted odds ratio for acute myocardial infarction based on subject co-morbidities
Odds ratio

95%CIb

Hyperlipidemia

8.39

8.21-8.58

Hypertension

3.11

3.05-3.17

Smoking

2.83

2.79-2.87

Diabetes mellitus

1.89

1.86-1.91

Obesity

1.78

1.75-1.80

Male

1.53

1.51-1.55

NASH

1.5

1.40-1.62

Age above 65 yr

1.47

1.45-1.49

b

P < 0.01 unless otherwise stated. NASH: Non-alcoholic steatohepatitis; CI: Confidence interval.

diagnosed with NASH and 107000 had an acute MI within 2018-2019.
The main findings of our study are: (1) NASH is associated with MI independent of
traditional risk factors; (2) Compared to the older NASH population, younger patients
were more likely to have a higher relative risk of MI; and (3) MI is a prevalent outcome
among patients with NASH.
Although an association between ischemic heart disease and NAFLD has been
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Figure 1 The relative and absolute risk of acute myocardial infarction in the study population. The relative risk of myocardial infarction is higher in
the younger patient group compared to the older population. The absolute risk of myocardial infarction however increases with aging. RR: relative risk; NASH: Nonalcoholic steatohepatitis.

Figure 2 Gender based differences in relative risk of acute myocardial infarction in patients with non-alcoholic steatohepatitis. Female
patients had higher relative risk of myocardial infarction compared to their male counterparts in almost all age groups.

suggested, the strength of this relationship remains controversial. In this study, NASH
was independently associated with MI OR 1.5 (95%CI: 1.40-1.62) after adjusting for
classically known risk factors for the latter. Our study is in line with other studies that
have shown an association between NASH or NAFLD and ischemic heart disease[19,20].
At the pathophysiological level, this observation could be explained by several
mechanisms. First, NASH is considered a more severe manifestation of NAFLD with
augmented hepatic steatosis and aberrant intrahepatic inflammation[26]. Oxidative
stress is thought to be the driving force of NASH propagating intra-hepatic
proinflammatory cascades[13,27-30]. Free fatty acids themselves contribute to
inflammatory mechanisms when they undergo esterification[31]. The liver is an
important immune tissue containing the largest number of macrophages and other
immune cells[32]. Hence, diseased liver will drain an increasing number of cytokines
into systemic circulation and promote extrahepatic inflammation. Systemic cytokines
and inflammatory markers are also associated with secondary cardiovascular
effects[29,30]. Chronic inflammatory diseases such as rheumatoid arthritis and systemic
lupus erythematosus have been associated with higher risks of atherosclerotic diseases
and arterial thromboembolic events including MI[33,34]. A procoagulant imbalance exists
and is worse in NASH[18]. Since NASH is a severe inflammatory subtype of NAFLD we
hypothesize that NASH is an independent risk factor MI. Previous cross-sectional
studies have grouped NASH and NAFLD as a single disease entity. We believe by
doing so, the authors might have created a null effect and subsequently contributed to
the heterogeneity in outcomes reported. Hence, further methodologically stringent

WJH

https://www.wjgnet.com

383

July 27, 2020

Volume 12

Issue 7

Ghoneim S et al. NASH and MI risk

Figure 3 Forest plot showing adjusted odds ratio of having myocardial infarction. The dots represent the odds ratio and the horizontal line
represents the 95% confidence interval.

studies with long-term follow up are needed to gain mechanistic insight into the
pathology of NASH-MI axis.
NAFLD is part of a systemic disease with complex multidirectional relationships
between MetS and CVD. The liver plays a crucial role in lipid and glucose metabolism.
Even though dyslipidemia is an independent risk factor for CVD, abnormal lipid
profiles are seen in NAFLD and are more deranged with increased histological
inflammation[17]. A stepwise increase in lipid ratios correlates with histological severity
of liver injury and is associated with increased risk of CVD and an atherogenic lipid
profile[17]. Insulin resistance and alterations in lipid metabolism might also precede the
development of hyperlipidemia and diabetes mellitus both of which are associated
with increased risk of ischemic heart disease[11]. In our study, NASH was significantly
associated with MI when these variables were partially controlled. Even though we
observed an independent association between NASH and MI, to completely control
these variables would blunt the contribution NASH might have on ischemic heart
disease[19,20].
The prevalence of NASH is reported to be the greatest among subjects between the
ages of 40-49 years[35]. It is conceivable to say that the presence of NASH in the younger
population might increase their relative risk of MI compared to those without NASH
(Figure 1). In our study the relative risk of MI was highest in the younger NASH
population, suggesting increased inflammation and more aggressive disease in the
younger group. Although age correlates with the duration of NAFLD, advanced
disease may not be attributed to age alone. Furthermore, with aging, the non-NASH
group might have accumulated traditional factors that may have reduced the relative
contribution of inflammation on arthrosclerosis. Hence the contribution of NASH
towards the total burden of cardiovascular risk maybe reduced with advancing age.
This being said, we were not able to control for the duration or the severity of disease
as this was an observational study. Nonetheless, we observed a step wise increase in
the absolute risk of MI in both cohorts with increasing age (Figure 1).
There is increasing evidence that menopause is associated with the progression of
NAFLD[36]. Although more data is needed, this is likely due the loss of estrogen’s
hepato-protective role post menopause. In the current study, premenopausal females
with NASH had a higher relative risk of MI compared to post-menopausal females
(Figure 2). Our findings maybe partially explained by the lower CVD risk profile at
baseline of the younger NASH females compared to their older counterparts. This
supports the growing body of evidence suggesting a pathological association between
inflammation and ischemic heart disease at least in the younger patient group[13,26-30].
Across almost all age groups, the risk of MI was higher in females compared to their
male counterparts. The relative risk of MI in females with NASH decreased with
increasing age, while males maintained a relatively more stable relative risk of MI
throughout their lifetime (Figure 2). Current data suggests young women with MI are
more likely than their male counterparts to have comorbidities[37]. Additionally,
although the risk of MI on average is higher in men than women, the presence of
comorbidities has been shown to confer an excess greater risk of MI in women than
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men and this risk doesn’t attenuate with age[37]. However given that data on time
trends in risk factors was not available in Explorys, we do not know whether there
were sex-related differences in risk factor levels and risk factor control before MI and
our findings indicate further studies are needed to investigate the phenomenon
reported in the current study.
An important strength of our study is that we used a large national database and
reported data on over 55 million active adult subjects. We also provided
comprehensive epidemiological information on the risk of MI in patients with NASH
based on classical risk factors for both entities. Our results are therefore consistent
with established data suggesting that NASH might be significantly associated with
acute CVD events such as MI.
There are several limitations to this study that should be addressed. Observational
studies preclude us from addressing causality. Due to the design of Explorys, we
could not establish temporal relationships between the duration of NASH, severity of
the disease and impact of interventions on the risk of cardiovascular events in our
cohort. Second, the prevalence and natural disease progression of NAFLD is difficult
to estimate as accurate diagnosis requires tissue analysis. The prevalence of NASH is
estimated to be between 1.5%-6.45% based on a few biopsy series[38]. As this is a
retrospective study reliant on diagnosed SNOMED-CT codes, it is impossible to verify
the accuracy of diagnoses and it is prone to coding errors. The reported prevalence of
NASH in our study was 0.08%. We excluded those with the diagnosis of fatty liver
disease in an attempt to increase accuracy in our reporting; as the latter may be caused
by drugs, viruses or alcohol. But even though the NASH population was
underrepresented in the current study, MI was significantly associated with this
disease entity.
An important limitation of our study is the validity of diagnosis of acute MI. We
were unable to differentiate between MI secondary to coronary artery disease and MI
resulting from demand-related events (Type II MI). Validation was also not possible as
patient information in this platform is de-identified. Further, direct temporal
relationships between NASH and MI cannot be defined due to the inherent design of
Explorys. We acknowledged this limitation and included only those with a diagnosis
of acute MI within the last year of the study to circumvent this issue. However, using a
large national population-based sample allows for the ability to generalize our results
to the United States population and offset these limitations.
In our large United States-based cohort study, we found acute MI to be a prevalent
diagnosis among patients with NASH. Although our findings need to be further
confirmed by prospective studies, we propose that patients with NAFLD at risk of
NASH, should be identified early and screened for associated cardiovascular risk
factors. Current AASLD-AGA guidelines recommend modification of CVD risk factors
in patients with NAFLD[39]. Whereas, the European association for the study of liver
view CVD as an extra-hepatic manifestation of NAFLD[40]. As we have mentioned
above, severe inflammation, as seen in patients with NASH, is associated with
accelerated atherosclerosis. A major problem that hampers screening for CVD in this
subgroup is the unawareness of health care providers of the relevance of this disease,
and as a consequence, NASH is under diagnosed in the general population. Even in
our study, out of 55 million patients, only 43170 (0.08%) of patients had an ICD-coded
diagnosis of NASH, despite a reported prevalence of NAFLD as high as 24%[35].
In conclusion, there is a significant relationship between NASH and acute MI. The
use of already existing non-invasive scoring systems to stratify disease severity in
NAFLD can overcome the need for liver biopsy and allow for early detection and
aggressive risk factor modification.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in
the United States. The severity of NAFLD ranges from simple steatosis to nonalcoholic steatohepatitis which can progress to fibrosis, cirrhosis and hepatocellular
carcinoma. Recent evidence suggests that the diagnosis of NAFLD may be associated
with an increased risk of cardiovascular disease (CVD) independent of traditional risk
factors. We believe that patients with non-alcoholic steatohepatitis (NASH) are at a
higher risk of serious cardiovascular events such as myocardial infarction (MI).
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Research motivation
There is an overlap between the risk factors that give rise to NAFLD and CVD. NASH
remains underdiagnosed in the general population as tissue analysis is needed for
accurate diagnosis. It is a more severe subtype of NAFLD associated with hepatic and
systemic inflammation. Inflammation is implicated in the pathogenesis of
atherosclerosis. Whether NASH is associated with serious cardiovascular events such
as MI has major economic and public health implications.

Research objectives
The aim of this study was to assess the prevalence of acute MI among patients with
NASH and to investigate the contribution of age and gender on the relative risk of MI
in a large cohort of subjects in the United States.

Research methods
This was a large retrospective study that included over 50 million patients from over
50 states in the United States. Patients diagnosed with NASH between 1999-2019 and
those with acute MI within 2018-2019 were identified. Traditional risk factors
associated with both diseases were also collected. Univariable and multivariable
analyses were performed to assess the association between NASH and MI.

Research results
After adjusting for traditional risk factors, there was an independent associated
between NASH and MI (1.5, 95%CI: 1.40-1.62, P < 0.0001). The relative risk of MI in
patients with NASH appeared to be the highest in the younger patient population (<
49 years old, RR 10.1, P < 0.0001) suggesting inflammation might be the driving force
for this observation. Women with NASH had a higher relative risk of MI compared to
their male counterparts (15.8 vs 11.6, P < 0.0001, respectively). Overall, the absolute
risk of MI was higher in the older population.

Research conclusions
Acute MI is a prevalent diagnosis among patients with NASH. According to our
dataset, NASH continues to be underdiagnosed in the United States population.
Systemic inflammatory cascades are exaggerated in NASH and might be implicated in
the pathogenesis of arthrosclerosis. Identification of NAFLD patients at high risk of
NASH might allow for primary prevention and aggressive cardiovascular risk
modification.

Research perspectives
Performing large scale prospective studies with long-term follow-up are needed to
gain mechanistic insight into the pathology of NASH-MI axis.
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Abstract
BACKGROUND
Zinc is an essential trace element integral to many cellular and immune functions.
Zinc deficiency is highly prevalent in patients with cirrhosis and related to disease
severity.
AIM
To evaluate whether zinc supplementation improves clinical outcomes (disease
severity and mortality) in patients with cirrhosis.
METHODS
This prospectively registered systematic review (PROSPERO reference:
CRD42018118219) included all studies in Medline, Embase or Cochrane database
with inclusion criteria of adult human studies, comparing zinc supplementation
of at least 28 d with standard care or placebo in patients with cirrhosis. Mortality
and clinical severity score data were extracted. Random effects meta-analyses
compared mortality at 6 mo and 2 years. Risk of bias was assessed using the
National Institutes of Health quality assessment tool.
RESULTS
Seven hundred and twelve articles were identified of which four were eligible.
Zinc formulations and doses varied (elemental zinc 3.4-214 mg daily) for different
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intervention periods in patients with differing etiology and severity of cirrhosis.
Two studies were considered to be at high risk of bias. There was no significant
difference in 6-mo mortality between patients treated with zinc versus controls
[risk ratio 0.98 (0.90-1.05)]. Changes in severity scores were not reported in any
study.

Manuscript source: Invited

CONCLUSION
Zinc supplementation is not associated with reduced mortality in patients with
cirrhosis. Findings are limited by the small number of eligible studies and
significant heterogeneity in intervention and patient population.
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Core tip: Zinc deficiency is highly prevalent in patients with cirrhosis and may contribute
to disease progression and mortality. This systematic review aimed to determine whether
zinc supplementation was associated with clinical outcomes in patients with cirrhosis.
Meta-analysis of data from four eligible studies found that zinc supplementation was not
associated with reduced mortality at 6 mo. No study reported changes in disease severity
or complications. Eligible studies were highly heterogeneous with different zinc
formulations, dosage and duration applied to varying patient populations. Further welldesigned prospective studies are required to determine whether zinc supplementation
improves long-term clinical outcome in patients with cirrhosis.
Citation: Tan HK, Streeter A, Cramp ME, Dhanda AD. Effect of zinc treatment on clinical
outcomes in patients with liver cirrhosis: A systematic review and meta-analysis. World J
Hepatol 2020; 12(7): 389-398
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/389.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.389

INTRODUCTION
Chronic liver disease is a serious problem both in the United Kingdom and globally.
Approximately 0.1% of the European population is affected by cirrhosis which account
for 1.8% of all deaths corresponding to 170000 deaths per year[1].
Liver cirrhosis constitutes the third most common cause of premature death in the
United Kingdom[2]. The incidence of liver cirrhosis has been increasing in the United
Kingdom at a faster rate than the top four most-commonly diagnosed cancers (lung,
breast, bowel and prostate)[2]. It is estimated that over 600000 people in the United
Kingdom have serious liver disease, and 60000 of those have cirrhosis. Over 14000
people die of liver disease each year in the United Kingdom. This figure has increased
by 400% since the 1970s[3].
Regardless of the underlying etiology of liver disease, malnutrition becomes a
significant clinical problem as it progresses[4]. Protein-calorie malnutrition is well
documented and accounts for more than 60% of patients with advanced alcoholrelated cirrhosis[5]. Micronutrient deficiency including trace element deficiency has also
been documented, which may play a role in disease pathogenesis through regulating
antioxidant, anti-inflammatory and anti-fibrotic pathways[6].
Zinc is the second most abundant trace element in the body after iron. It forms part
of more than 300 enzymes in the body[7]. It plays an indispensable role in cell growth,
cell differentiation and human metabolism[7]. Therefore, zinc deficiency can contribute
to oxidative stress, growth disorder, cognitive disorder and immune dysfunction[7].
Attesting to zinc’s biological importance is its known association with the activity of
proteins, including the enzymes needed for the production and destruction of
collagen, thus directly affecting the process of fibrosis[7]. It also possesses antiinflammatory and antioxidant characteristics that may indirectly affect hepatic stellate
cells[8].
The global prevalence of zinc deficiency ranges from 4% in countries rich in animal
protein and up to 73% in countries with plant-based diets[8]. However, up to 83% of
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cirrhotic patients have zinc deficiency which is associated with disease severity[8]. Zinc
deficiency in liver disease is multifactorial[9]. Changes in carbohydrate-lipid
metabolism precipitates protein calorie and micronutrient malnutrition in patients
with chronic liver disease[9]. Zinc is bound to albumin, alpha 2-macroglobulin and
acids so the rate of zinc absorption is due largely to albumin concentrations[10]. As liver
disease progresses, the level of albumin decreases and this may lead to decreased
absorption of zinc, resulting in progression of liver disease and an increased risk of
hepatocellular carcinoma[10]. Other factors that are responsible for zinc deficiency in
liver cirrhosis include disturbed zinc absorption by the digestive tract as a result of the
effects of cytokines, mainly interleukin-6 and endotoxins on gut blood flow[11]. This
changes the small bowel intestinal mucosa and decreases zinc absorption[11]. Diuretic
therapy also plays a factor as it increases renal zinc excretion and reduces serum
albumin and the binding capacity for zinc.
Zinc supplementation has beneficial effects on antioxidant and inflammatory
pathways and therefore may delay or prevent progression of cirrhosis[12,13]. We
performed a systematic review of the published literature to determine whether zinc
supplementation was associated with improved clinical outcomes and long-term
survival in patients with cirrhosis. A systematic review of the role of zinc
supplementation in the management of chronic liver diseases has been recently
published[14]. The review evaluated its effect on response to hepatitis C virus treatment,
hepatic encephalopathy and changes in biochemistry but did not assess the effect of
zinc supplementation on overall long-term survival[14].

MATERIALS AND METHODS
The protocol for this systematic review was prospectively registered on the
PROSPERO database (reference: CRD42018118219) including the literature search
strategy.

Types of studies
We included all interventional clinical trials in humans including randomized
controlled trials and open-label trials or observational cohort studies that compared
zinc supplementation of at least 28 d with those of standard intervention, or placebo in
patients with cirrhosis. Trials were included irrespective of publication status, year of
publication or language. We excluded non-human studies and laboratory studies
using non-clinical samples.

Patients
All adults (> 18 years old) with liver cirrhosis of any etiology, diagnosed using by liver
histology, imaging or non-invasive methods. We excluded studies with patients under
18 years of age and with known solid organ cancer including hepatocellular
carcinoma.

Intervention
Studies that compared more than 28 d of zinc supplementation via any route (oral or
parenteral) with placebo or other standard intervention for the management of
patients with cirrhosis.

Outcome measures
The primary outcome was 1-year mortality. Secondary outcomes were 6-mo mortality,
2-year mortality, change in severity scores [Child Pugh/ model for end-stage liver
disease (MELD) score], complication rate from cirrhosis (hepatic encephalopathy, new
ascites, variceal bleed, new jaundice or hepatocellular carcinoma). Studies had to
report at least one of these outcomes to be considered for inclusions in the systematic
review.

Search strategy
Electronic searches via MEDLINE (PubMed) 1961-present, EMBASE (1974-present), the
Cochrane library (Cochrane Database of Systematic reviews), Cochrane Central
Register of Controlled Trials, conference abstracts from 1980 for the following annual
meetings: American Gastroenterology Association, American Association for the
Study of Liver Disease, European Association for the Study of the Liver, United
European Gastroenterology, British Society for Gastroenterology and British
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Association for the Study of the Liver.
Comprehensive searches of the following biomedical electronic databases were also
conducted: MEDLINE, EMBASE, PubMed and TRIPS. The search strategy included
subject headings and keywords related to “alcohol”, “zinc” and “liver”. The full search
strategy is presented in Supplementary material. The references in all identified
review articles and studies were also inspected to identify other trials. Two authors
independently assessed the eligible studies.

Selection of studies
Titles and abstracts of studies retrieved using the search strategy were screened
independently by two authors (Tan HK and Dhanda AD) to identify eligible studies.
For potentially relevant articles or in cases of disagreement between the two reviewers,
the full text article was obtained and inspected independently by a third reviewer.
Where an eligible study failed to report data on the primary or secondary outcomes,
this information was requested from the corresponding author by email. A follow-up
email was sent after 2 wk if no response was obtained.

Data extraction and management
Data were extracted independently by two authors (HT and AD) using a standardized,
pre-piloted form for assessment of study quality and evidence synthesis. We studied
the following data: Study setting and target population, study methodology, details of
intervention, primary and secondary outcomes and method of measurement and
information of bias. Extracted data were discussed and this discussion was
documented.

Assessment of risk of bias in included studies
Two authors independently assessed risk of bias in the trials without masking the trial
names using a standard checklist. Risk of bias was assessed using the National
Institutes of Health risk of bias tools for controlled trials or observational studies[15].
Any discrepancies or unusual patterns were checked with an independent reviewer.
Controlled intervention studies were assessed for randomization, allocation
method, blinding, and similarity of baseline characteristics, drop-out rate, protocol
adherence, outcome measures and method of analysis.
Observational studies were assessed for whether there was a defined population,
the participation of eligible population, appropriate outcome measures and analysis
methods, loss to follow-up rates and confounding factors.

Data synthesis
We provide a narrative synthesis of the findings from the included studies, structured
around the target population, timing of intervention, and type of outcome.
The survival (until death) rates from each study contributed to a meta-analysis of
the efficacy of zinc supplementation in reducing mortality. If heterogeneity was
deemed to be at least moderate as determined by the I 2 statistic exceeding 30%
detected at least at the 5% level, then the data would be meta-analyzed with a random
effects model, otherwise a fixed effects model would be considered, if there were too
few studies to detect heterogeneity. If any subset of studies were found to share
characteristics that contributed to heterogeneity across all the studies, then further
meta-analyses would be conducted on those subsets. Analysis was performed using
the meta package[16] with a current installation in R.

RESULTS
Study selection
Seven hundred and twelve records were identified; 49 of them were retrieved and
assessed for eligibility. Six studies met selection criteria but outcome data could not be
obtained from one and another was an uncontrolled cohort study. Therefore, a total of
four randomized controlled trials were included in this systematic review (Figure 1)
[17-20]
. Study characteristics are presented in Table 1.

Characteristics of included studies
All four included studies were randomized controlled trials (RCTs). All but one study
documented both gender and age. None of the studies reported ethnicity of their
patient cohort. All four studies selected different clinical populations including
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Table 1 Characteristics of studies included in systematic review, n (%)
Bresci et al[19]

Vilar Gomez et al[18]

Hayashi et al[20]

Takuma et al[17]

Country

Italy

Cuba

Japan

Japan

Number of
participants

90

100

40

79

%male (control
group)

23

18

13

40

%male
(intervention
group)

33

22

10

Age (control
group)

49

56.6 (8.4)

65.1 (11.3)

66.5 (7.4)

Age (intervention
group)

51

58.5 (8.9)

66.0 (9.9)

66.5 (5.7)

Inclusion criteria

Cirrhosis (any aetiology)
with encephalopathy

Decompensated HCV cirrhosis

Cirrhosis of any
aetiology

Cirrhosis (any aetiology) with
encephalopathy

MELD (control
group)

N/A

13.3 (4.7)

N/A

11.8 (3.2)

MELD
(intervention
group)

N/A

12.5 (3.7)

N/A

11.8 (3.2)

Control group
treatment

Placebo

Placebo

BCAAs

BCAAs

Intervention
group treatment

Zinc acetate

Viusid

Zinc sulfate + BCAAs

Polaprezinc + BCAAs

Zinc preparation
and dosage

Zinc acetate 600 mg/d

Viusid 3 tablets/d

Zinc sulfate 200-600
mg/d

Polaprezinc

Elemental Zinc
214
dosage (mg Zn/d)

3.4

45-136

51

Duration of
intervention

6 mo

96 wk

5-6 mo

6 mo

Primary Outcome

Hepatic encephalopathy
assessments

Overall survival rate

Change in
biochemistry

Hepatic encephalopathy
assessments

Results

No significant improvement
in hepatic encephalopathy
assessments

Significant improvement in overall
survival, time to disease progression
and cumulative incidence of HCV

Significant
improvement in blood
ammonia levels

Significant improvement in the
physical component scale, but not
the mental component scale

Duration of
follow up

1 yr

96 wk

5-6 mo

6 mo

Continuous variables expressed as mean ± SD where available. BCAA: Branched chain amino acid; HCV: Hepatitis C virus; MELD: Model for end-stage
liver disease; Zn: Zinc; N/A: Not applicable.

patients with cirrhosis with hepatic encephalopathy, decompensated hepatitis C
cirrhosis, and cirrhosis with etiology not documented. All studies were conducted in
community settings. The definition of cirrhosis was based on histological and
biochemical confirmation in three studies; the remaining study did not specify the
method of diagnosis of cirrhosis. Only one study was designed to test the effect of zinc
supplementation on mortality.
Only two studies (Takuma et al[17] and Vilar Gomez et al[18]) reported severity of
cirrhosis with mean Child Pugh scores of 6.0 and 6.3 and MELD scores of 11.8 and
12.9.
Bresci et al[19] examined the effect of long-term oral zinc supplementation on
recurrent hepatic encephalopathy. Ninety cirrhotic patients with recurrent
encephalopathy were treated with 600 mg of oral zinc acetate daily for 30 d in addition
to standard therapy. The final values of psychometric tests were better in the zinc
group compared to the standard therapy group, but the differences were not
statistically significant. Three deaths were reported within 6 mo (one in the placebo
and two in the intervention group).
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Figure 1 Flow diagram of study identification and selection.

Vilar Gomez et al[18] evaluated the efficacy of Viusid for 96 wk in reducing mortality
in 100 patients with hepatitis C-related decompensated cirrhosis. Viusid was chosen
because it is a nutritional supplement with recognized anti-inflammatory and
antioxidant properties. It contains 11 active compounds including zinc sulphate and
glycyrrhizic acid. Glycyrrhizin is the most active ingredient of Viusid and has antiinflammatory, immune-modulating and antiviral properties. The total amount of daily
elemental zinc participants received was 3.4 mg, the lowest zinc content of any of the
included studies. The study demonstrated a significant improvement in overall
survival, time to disease progression and cumulative incidence of hepatocellular
carcinoma. No differences were observed between groups for incidence of liver
decompensation (including hepatic encephalopathy, spontaneous bacterial peritonitis,
hepatorenal syndrome and gastrointestinal bleeding).
Hayashi et al[20] randomized 40 patients with cirrhosis to receive a combination of
branched chain amino acids and zinc sulfate 600 mg daily for 6 mo. No deaths were
reported during the study. They demonstrated a significant improvement in blood
ammonia levels in the combination group, but there was no further investigation done
to determine the mechanism of action and long-term clinical efficacy.
Takuma et al[17] investigated the effectiveness of oral polaprezinc (51 mg zinc and 174
mg of L-carnosine daily) in 79 patients with hepatic encephalopathy. They concluded
that oral polaprezinc did significantly improve the physical component scale, but not
the mental component scale in patients treated with zinc supplementation. One death
occurred in the placebo treated arm only. This study was limited by short-term followup (6 mo) and non-blinded treatment allocation.

Survival
No studies reported 1-year mortality, which was the primary outcome of this
systematic review. Three studies (Bresci et al[19], Hayashi et al[20], and Takuma et al[17])
reported 6-mo survival and one (Vilar Gomez et al[18]) reported 2-year survival. There is
a substantial amount of heterogeneity across the selected study trials in terms of zinc
formulation, dosage and patient characteristics. The heterogeneity includes dose
quantity and frequency, formulation and types of patients.

Risk of bias assessment
We used the National Institutes of Health risk of bias tools to assess the quality of
included studies[16]. Two studies (Vilar Gomez et al[18] and Hayashi et al[20]) were of low
risk of bias and two studies of uncertain risk of bias (Bresci et al[19] and Takuma et al[17]).
Risk of bias assessments are presented in Supplementary Table 1. The two studies
scored low as a result of lack of blinding and non-similarity in baseline characteristics.
Three out of four studies reported information on patient characteristics. Thus,
multivariate meta-regression was not appropriate. Selection bias is likely as two
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studies included only male subjects. Lack of information precluded a proper
evaluation of all the risk of bias in the studies.

Meta-analysis
The I2 statistic measuring heterogeneity across all included RCTs was estimated to be
66% and significant at the 5% level (P = 0.03). The overall effect of zinc supplements
from the included RCTs was estimated to reduce the risk of mortality by 0.98 [95%
confidence interval (CI): 0.90-1.05; Figure 2]. Three out of the four included studies had
a 6-mo follow-up. The study by Vilar Gomez et al[18] reported the largest effect (risk
ratio = 0.82), although uncertainty around the point estimate was relatively wide
(95%CI: 0.68-0.99). Notably it had a longer 2-year follow-up, and so the meta-analysis
was repeated without this particular study, which according to its weight, contributed
the least to the overall estimated effect. The effect of all the studies measuring
mortality within a 6-mo follow-up were similarly located close to, and not significantly
different from, the null effect. Repeating the meta-analysis on these resulted in a risk
ratio of unity (95%CI: 0.90-1.05) for the effect of zinc supplementation on the risk of
mortality over a 6-mo follow-up (Figure 3).

DISCUSSION
This systematic review identified just four studies that assessed whether zinc
supplementation is associated with improved clinical outcomes in patients with
cirrhosis. All four eligible studies were highly heterogeneous in terms of patient
characteristics, treatment formulation and duration. Four different zinc preparations,
with daily elemental zinc doses ranging from 3.4 to 214 mg daily, were tested. Two of
these (Viusid, polaprezinc) contained other active compounds, which could have
contributed to the positive clinical outcome, for example Viusid contains only 3.4 mg
of elemental zinc along with 10 other active ingredients. Three studies tested zinc
supplementation in combination with other intervention (branch chain amino acids
and nutritional support).
A further limitation is the low mortality rate in all eligible studies. With such a low
event rate, any effect of zinc on mortality is difficult to determine. This suggests that
either severity of cirrhosis was mild or follow-up duration was insufficient. Only two
studies reported severity of cirrhosis with the majority of subjects classified as Child
Pugh class A. Two out of four studies were designed to determine the benefit of zinc
on hepatic encephalopathy and not powered to detect differences in mortality.
Both Vilar Gomez et al[18] and Takuma et al[17] suggested the most likely beneficiaries
from zinc supplementation would be those with portal hypertension and leaky gut
with its resultant risk of sepsis. Preclinical and in vivo evidence suggests that zinc may
reduce gut permeability[21]. Zinc carnosine (polaprezinc) improved in vitro gut
epithelial cell migration and proliferation[21]. In healthy volunteers, zinc carnosine
treatment reversed both indomethacin-induced and extreme exercise-induced gut
leakiness[22]. To test the benefit of a combination strategy of zinc supplementation and
treatment of gut leakiness in advanced cirrhosis, long-term studies in patients with
portal hypertension are required.
Given the limited data, we are unable to determine whether zinc supplementation
improves survival or reduces disease severity in patients with cirrhosis. Research is
still needed to confirm the preclinical benefits seen with zinc supplementation on antifibrotic, anti-inflammatory and antioxidant processes. To determine whether zinc
supplementation improves clinical outcomes of patients with cirrhosis, further high
quality studies are required to ascertain the optimal zinc formulation, dose, duration
of treatment and patient population to treat.
In conclusion, this systematic review has highlighted the paucity of high quality
studies investigating the effect of zinc supplementation in patients with cirrhosis.
Eligible studies were of variable design and quality. The primary analyses all had
substantial heterogeneity reflecting the differences in study design, inclusion criteria
and primary outcome. The difference in etiology and severity of liver cirrhosis also
make the effect of zinc supplementation difficult to interpret. With a plausible
rationale for benefit from zinc supplementation, there is a strong argument to develop
well designed studies in patients stratified clearly by severity of cirrhosis and presence
of portal hypertension to determine the long term outcome of zinc supplementation.
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Figure 2 Forest plot of all included randomized controlled trials using a random effects model. Risk ratio 0.98 (95% confidence interval: 0.901.05); Heterogeneity: I2 = 66%; P = 0.03. CI: Confidence interval.

Figure 3 Forest plot of included randomized controlled trials reporting 6 mo mortality using a random effects model (Vilar Gomez et al[18]
excluded). Risk ratio 1.00 (95% confidence interval: 0.96-1.05), Heterogeneity: I2 = 0%; P = 0.52. CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Zinc is an essential trace element integral to many cellular and immune functions. Zinc
deficiency is highly prevalent in patients with cirrhosis and related to disease severity.

Research motivation
Zinc supplementation has been used to treat complications of cirrhosis including
hepatic encephalopathy. However, it is unknown whether zinc supplementation in
patients with cirrhosis results in a change in the risk of progression of cirrhosis or
death.

Research objectives
This study aimed to evaluate whether zinc supplementation improves clinical
outcomes and long-term survival in patients with cirrhosis.

Research methods
A systematic review was performed including all studies in Medline, Embase or
Cochrane database with inclusion criteria of adult human studies, comparing zinc
supplementation of at least 28 d with standard care or placebo in patients with
cirrhosis. Mortality and clinical severity score data were extracted. Random effects
meta-analyses determined risk of mortality in patients receiving zinc supplementation
versus comparator at 6 mo and 2 years. Risk of bias was assessed using the National
Institutes of Health quality assessment tool.

Research results
Seven hundred and twelve articles were identified of which four were eligible. Zinc
formulations and doses varied for different intervention periods in patients with
differing etiology and severity of cirrhosis. Two studies were considered to be at high
risk of bias. There was no significant difference in 6-mo mortality between patients
treated with zinc versus controls. Changes in severity scores were not reported in any
study.

Research conclusions
Findings are limited by the small number of eligible studies and significant
heterogeneity in intervention and patient population. Zinc supplementation is not
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statistically associated with reduced mortality or improved long term outcome in
patients with cirrhosis.

Research perspectives
There is substantial heterogeneity in study design, inclusion criteria and primary
outcome. The difference in etiology and severity of liver cirrhosis also make the effect
of zinc supplementation difficult to interpret. Further well-designed prospective
studies are required to determine whether zinc supplementation improves long-term
clinical outcome in patients with cirrhosis.
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BACKGROUND
Percutaneous transluminal angioplasty and stenting represent an effective
treatment for hepatic artery stenosis after liver transplantation. In the first year
after stenting, approximately 22% of patients experience in-stent restenosis,
increasing the risk of artery thrombosis and related complications, and 50%
experience liver failure. Although angiography is an important tool for diagnosis
and the planning of therapeutic interventions, it may raise doubts, especially in
small-diameter arteries, and it provides low resolution rates compared with
newer intravascular imaging methods, such as optical coherence tomography
(OCT).
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A 64-year-old male developed hepatic artery stenosis one year after orthotropic
liver transplantation and was successfully treated with percutaneous transluminal
angioplasty with stenting. Five months later, the Doppler ultrasound results
indicated restenosis. Visceral arteriography confirmed hepatic artery tortuosity
but was doubtful for significant in-stent restenosis (ISR) and intrahepatic flow
reduction. To confirm ISR, identify the etiology and guide treatment, OCT was
performed. OCT showed severe stenosis due to four mechanisms: Focal and
partial stent fracture, late stent malapposition, in-stent neointimal hyperplasia,
and neoatherosclerosis.
CONCLUSION
Intravascular diagnostic methods can be useful in evaluating cases in which initial
angiography results are not sufficient to provide a proper diagnosis of significant
stenosis, especially with regard to ISR. A wide range of diagnoses are provided by
OCT, resulting in different treatment options. Interventional radiologists should
consider intravascular diagnostic methods as additional tools for evaluating
patients when visceral angiography results are unclear.
Key words: Liver transplantation; Hepatic artery restenosis; Tomography; Optical
coherence; Case report; Endovascular procedures; Angiography
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This is the first case report of optical coherence tomography in the evaluation of
in-stent restenosis in a transplant hepatic artery. In this case, optical coherence tomography
proved to be valuable in grading the significance of stenosis, identifying its possible
causes, and providing measures for choosing appropriate devices for re-treatment. In this
case, this additional and modern tool helped in the diagnosis and the therapeutic planning
after a doubtful angiography result.
Citation: Galastri FL, Gilberto GM, Affonso BB, Valle LGM, Falsarella PM, Caixeta AM, Lima
CA, Silva MJ, Pinheiro LL, Baptistella CDPA, Almeida MD, Garcia RG, Wolosker N, Nasser
F. Diagnosis and management of hepatic artery in-stent restenosis after liver transplantation by
optical coherence tomography: A case report. World J Hepatol 2020; 12(7): 399-405
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/399.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.399

INTRODUCTION
Hepatic artery stenosis (HAS) is one of the most common vascular complications of
liver transplantation and is a leading cause of hepatic artery thrombosis and allograft
dysfunction[1]. HAS treatment consisting of percutaneous transluminal angioplasty
with stenting (PTAS) has been largely adopted and proven to be effective, although it
carries a risk of up to 22% for in-stent restenosis (ISR) in the first year and poses a
therapeutic challenge related to the fact that up to 50% of cases result in liver failure[2].
ISR after liver transplantation is frequently attributed to neointimal proliferation.
Doppler ultrasound (DUS) is the standard method for screening diagnosis combined
with laboratory abnormalities[3]. Angiography is an important tool for confirming the
diagnosis and planning optimum therapeutic intervention. However, because
angiography only provides a two-dimensional view of a three-dimensional structure,
it poorly estimates plaque volume, morphology and lesion severity. Moreover,
angiography sometimes overestimates lumen dimensions and provides low resolution
rates compared with newer intravascular imaging methods, such as intravascular
ultrasound (IVUS) and optical coherence tomography (OCT), especially in smalldiameter arteries[4]. Additionally, considerable intra- and interobserver variability in
the interpretation of stenosis severity has been observed with arteriography[5].
Several factors contribute to stent failures, and OCT can assess them with great
imaging quality. One of these factors is neoatherosclerosis, which is observed by OCT
as the presence of clusters of lipid-laden foamy macrophages with or without necrotic
core formation and/or calcification within the neointimal tissue of stented segments[6].
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Other possible findings are: Stent malapposition which is defined by the separation of
at least one stent strut from the intimal surface of the arterial wall with evidence of
blood behind the strut[7] and stent fracture which is complete separation of stent
segments or separated stent struts without displacement[8].
OCT provides the highest resolution of all invasive imaging modalities, resulting in
high-quality cross-sectional tomographic images of vessel architecture, and it
demonstrates superiority compared with IVUS or angiography in terms of assessing
lesions, particularly identifying thrombus, plaque erosion and rupture[9].
To our knowledge, this is the first case report of OCT used to evaluate ISR in a
transplant hepatic artery. In this case, OCT proved to be valuable for grading the
significance of stenosis, identifying its possible causes, and providing measures for
choosing appropriate devices for retreatment.

CASE PRESENTATION
Chief complaints
A 64-year-old man developed, during clinical and ultrasound follow up, hepatic artery
intra-stent restenosis.

History of present illness
The patient had a history of orthotopic liver transplantation and was successfully
treated with PTAS. Five months later, the patient presented with increased alkaline
phosphatase and alanine aminotransferase levels and DUS indicated restenosis.

History of past illness
The patient had alcoholic liver cirrhosis previous to liver transplantation.

Physical examination
The patient was conscious, with good general health and normal vital signs, anicteric,
eupneic and without fever. The abdomen was distended without signs of ascites.

Laboratory examinations
Alkaline phosphatase level was 186 U/L and alanine aminotransferase level was 390
U/L.

Imaging examinations
DUS of the intrahepatic arteries showed a low resistance index, ranging from 0.4 to 0.5,
indicating restenosis (Figure 1).

Further diagnostic work-up
Visceral arteriography confirmed the tortuosity of the hepatic artery but showed
doubtful significant intrastent diameter reduction and intrahepatic flow reduction
(Figure 2). Two experienced interventional radiologists disagreed on the angiography
results. To confirm ISR, identify the etiology and guide treatment, OCT was
performed.
OCT showed severe stenosis (vessel luminal area: 9.8 mm2/minimal luminal area:
1.7 mm2/82% of area reduction) due to four mechanisms: Focal and partial stent
fracture, late stent malapposition, in-stent neointimal hyperplasia, and
neoatherosclerosis (Figure 2).

FINAL DIAGNOSIS
Hepatic artery intra-stent restenosis.

TREATMENT
PTAS with a new drug-eluting stent (Sirolimus) Orsiro 3 mm × 30 mm (Biotronik)
resulted in complete resolution of restenosis with improvements in intrahepatic
perfusion (Figure 3).
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Figure 1 Graphic showing patient’s serum levels of direct bilirubin (mg/dL), alkaline phosphatase (U/L) and alanine aminotransferase
(U/L); Doppler wave forms and resistive index along time. DBB: Direct bilirubin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; RI:
Resistance index.

OUTCOME AND FOLLOW-UP
Twenty days later, liver enzymes were normalized, and DUS waveforms were normal
for the first time after liver transplantation. The resistance index ranged from 0.54 to
0.59 (Figure 1). In a 10-mo outpatient follow-up, the patient was free from symptoms,
with normal liver enzymes.

DISCUSSION
The endovascular approach has become an alternative for the treatment of HAS due to
its low morbidity, high patency rates similar to those of open surgery[10], low graft loss,
and low mortality rates. Recent retrospective studies have shown that primary
stenting may be the first option, with primary assisted patency rates up to 97% within
12 mo and 93% within 24 mo as well as a decrease in the need for reintervention[3,11].
ISR and occlusion are known complications of endovascular procedures that justify
clinical follow-up and DUS in these patients. The development of intravascular
diagnostic methods has shown that restenosis etiologies are not as simple as they were
believed to be. IVUS and OCT enable better evaluation of ISR, and they should be
considered for the detection of stent-related mechanical problems leading to restenosis
in patients with coronary revascularization, therefore leading to class IIA and level C
recommendations[12,13]. The wide range of differential diagnoses for ISR are due to
endovascular diagnostic methods, including stent fracture, neoatherosclerosis,
neointimal hyperplasia, late acquired stent malapposition, stent underexpansion,
evagination, stent crush and edge dissection. Treatment options differ according to the
diagnosis of ISR[13].
In our case, the patient presented with biochemical alterations and DUS parameters
that suggested new arterial stenosis and probable ISR. Angiography showed tortuosity
of the treated vessel, but this tool was limited in terms of measuring intrastent luminal
reduction and intrahepatic contrast enhancement. Furthermore, angiography could
WJH
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Figure 2 Visceral arteriography and optical coherence tomography. A: Visceral arteriography diagnosis with hepatic artery tortuosity and doubtful
significant intra-stent diameter reduction and intrahepatic flow reduction. The yellow arrow indicates the possible stenosis area, to be confirmed further with an
intravascular method; B: OCT diagnosis of severe stenosis due neointimal hyperplasia and focal and partial stent fracture; C: OCT diagnosis of stent late
malapposition; D: OCT diagnosis of in-stent neointimal hyperplasia and neoatherosclerosis. OCT: Optical coherence tomography.

Figure 3 Visceral arteriography after percutaneous transluminal angioplasty and optical coherence tomography posttreatment. A: Visceral
arteriography after percutaneous transluminal angioplasty with drug-eluting stent (Sirolimus) Orsiro 3 mm × 30 mm (Biotronik) showing complete resolution of
restenosis and improvement in intrahepatic perfusion; B: Optical coherence tomography posttreatment showing acute gain in luminal area due to complete stent
expansion.

not categorize the severity of the lesion, the presence of hemodynamic repercussion or
the etiology of restenosis. OCT showed severe stenosis caused by stent fracture, late
stent malapposition, neointimal hyperplasia and probable neoatherosclerosis tissue.
These diagnoses and OCT measurements guided the treatment and stent choice.
Posttreatment angiography undoubtedly showed ISR resolution and improvements
in hepatic perfusion with faster parenchymal enhancement and washout. Both
interventional radiologists agreed with these findings. Similar to angiography, OCT
confirmed an increased vessel area without residual stenosis and provided the finding
of adequate stent apposition. DUS performed immediately postprocedure
demonstrated normal intrahepatic wave forms and resistance index, and it was used
as a basic follow-up test. Consistent with the results of the imaging exams, the patient
progressed and demonstrated clinical and laboratory improvements.
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The disagreement on the angiography evaluation by two experienced interventional
radiologists and the urge to identify stent-related mechanical problems motivated the
use of additional intravascular diagnostic methods. In our case, for the first time in the
published medical literature, OCT has proven to be an effective additional method for
elucidating doubtful lesions on visceral arteries after transplantation. Moreover,
posttreatment OCT evaluation confirmed that the interventional radiologists were in
agreement regarding the adequate results. Although OCT provides outstanding new
information to the vascular territory, we understand that it has some limitations, such
as the additional volume of contrast that is unavoidable, the imaging is not free from
artifacts and it depends on the observer’s experience. In addition, it has a high cost and
poor availability[14].

CONCLUSION
Angiography is the gold standard for evaluating patients with suspected restenosis;
however, in some cases, this procedure can cast doubt. Intravascular diagnostic
methods can be useful when evaluating such cases, especially with regard to in-stent
restenosis. A wide range of diagnoses are provided by OCT, which results in different
treatment options. Interventional radiologists should consider intravascular diagnostic
methods as additional tools for evaluating patients when visceral angiography results
are unclear.
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Abstract
BACKGROUND
Since the first living donor liver transplantation (LDLT) was performed by Raia
and colleagues in December 1988, LDLT has become the gold standard treatment
in countries where cadaveric organ donation is not sufficient. Adequate hepatic
venous outflow reconstruction in LDLT is essential to prevent graft congestion
and its complications including graft loss. However, this can be complex and
technically demanding especially in the presence of complex variations and
congenital anomalies in the graft hepatic veins.
CASE SUMMARY
Herein, we aimed to present two cases who underwent successful right lobe
LDLT using a right lobe liver graft with rudimentary or congenital absence of the
right hepatic vein and describe the utility of a common large opening drainage
model in such complex cases.
CONCLUSION
Thanks to this venous reconstruction model, none of the patients developed
postoperative complications related to venous drainage. Our experience with
venous drainage reconstruction models shows that congenital variations in the
hepatic venous structure of living liver donors are not absolute contraindications
for LDLT.
Key words: Living donor liver transplantation; Congenital-absence of right hepatic vein;
Common large opening drainage model; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study, we aimed to present two cases who underwent successful right lobe
living donor liver transplantation using a right lobe liver graft with rudimentary or
congenital absence of the right hepatic vein and describe the utility of a common large
opening drainage model in such complex cases. Thanks to this venous reconstruction
model, none of the patients developed postoperative complications related to venous
drainage.
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INTRODUCTION
Since the first successful liver transplantation (LT) performed in 1967, LT has become
the gold standard treatment for many liver diseases in adult and pediatric patients[1].
In socioculturally developed western countries, most of the liver graft requirements
are provided from the cadaveric organ pool, while in Asian and Middle Eastern
countries, a significant portion of the organ requirements are provided from the living
donor pool[1,2]. In deceased donor liver transplantation, whole size liver graft is
harvested with the inferior vena cava (IVC) and then venous anastomosis can be
performed easily between the IVC of the liver graft and IVC of the recipient using
conventional, piggyback, or modified piggyback techniques[1,2]. In contrast, variations
in the vascular structure of the liver graft obtained from a living liver donor (LLD)
cause difficulties during vascular reconstruction in LDLT, especially hepatic venous
reconstruction. Venous drainage of the right lobe (RL) is more complex compared to
the left lobe of the liver. To both benefit from liver graft optimally and avoid
congestion-related complications, all large venous structures including inferior right
hepatic vein (IRHV), segment 5 vein (V5) and segment 8 vein (V8) should be
integrated into the venous drainage system[3]. In other words, meticulous assessment
of the vascular structures of the LLD candidates by preoperative radiological
instruments and thus identification of variations is critical for both LLDs safety and
planning of graft implantation techniques.
To evaluate the hepatic vascular structures of LLD candidates, Doppler
ultrasonography (US), multidetector computed tomography (MDCT) and, if necessary,
conventional hepatic angiography are the most commonly used techniques[2].
Variations detected in the liver vascular anatomy of the potential LLD candidates
either result in rejecting the candidate or the surgical team considers alternative
surgical techniques such as various venous drainage models.
Congenital absence of the right hepatic vein (RHV) is one of the rarest hepatic
vascular anomalies. This anomaly is usually associated with multiple large IRHVs or
wider middle hepatic vein (MHV) tributaries. To our knowledge, no clinical studies or
case reports related to this RHV anomaly have been published in the English literature
except autopsy studies. To our knowledge, a successful LDLT using the RL liver graft
without the RHV was performed by our clinic for the first time in the world[2]. After
that, Ray and colleagues reported that they performed successful LDLT using a RL
liver graft without a RHV orifice. Herein, we present hepatic venous drainage
reconstruction models of RL liver grafts obtained from two LLDs with congenital RHV
anomalies.

CASE PRESENTATION
Chief complaint and history of present illness
Case 1: A 25-year-old healthy male (BMI: 20.2 kg/m2, total liver volume: 1136 cc, RL:
786 cc, remnant liver: 34%) was admitted to our liver transplant institute to give a part
of his liver to his 26-year-old sister with Budd Chiari Syndrome. He had no chronic
disease.

WJH

https://www.wjgnet.com

407

July 27, 2020

Volume 12

Issue 7

Demyati K et al. Difficulties in drainage reconstruction of LDLT

Case 2: A 31-year-old healthy male (BMI: 23.7 kg/m2, total liver volume: 1428 cc, RL:
1000 cc, remnant liver: 30%) was admitted to our liver transplant institute to give a
part of his liver to his 56-year-old uncle with alcoholic liver cirrhosis.

Physical examination
Case 1 and Case 2: Physical examination revealed that vital signs were within normal
limits. The LLD candidates were examined according to the donor evaluation
algorithm applied in our liver transplant institute.

Laboratory and imaging examinations
Case 1: Biochemical blood tests and viral markers were within normal limits. Contrastenhanced MDCT showed that the RHV was rudimentary and that the RL was drained
by three IRHVs, one of them was located in the hepatocaval ligament. As our institute
is experienced in RL drainage models, cadaveric organ donation was insufficient, and
the recipient could not provide another potential donor candidate; thus, we decided to
accept the LLD candidate.
Case 2: The potential LLD was examined according to the donor evaluation algorithm
applied in our institute. Contrast-enhanced MDCT showed congenital absence of the
RHV and that the RL was drained by two large IRHVs.

FINAL DIAGNOSIS
Case 1
The healthy individual who had a rudimentary RHV was accepted as a suitable LLD
candidate.

Case 2
The healthy individual who had no RHV was accepted as a suitable LLD candidate.

TREATMENT
Case 1
RL hepatectomy was performed as previously described in our institute. Three IRHVs
of 5-6 mm diameter, which drained the RL into the IVC, were preserved until the
parenchymal transection was completed. Parenchymal transection was performed
using the CUSA (Cavtron Ultrasonic Surgical Aspirator, Integra, United States)
without Pringles maneuver. During transection, two V5 and one V8 were marked and
preserved to be integrated into the venous drainage model. Bloodless RL graft volume
and graft-recipient weight ratio were measured as 765 g and 1.03%, respectively.

Case 2
RL hepatectomy was performed as previously described in our institute, all three
IRHVs were preserved until the parenchymal transection was completed and
transection was performed using the CUSA without Pringles maneuver (Figure 1).
During transection, two V5 and two V8 were marked and preserved to be integrated
into the venous drainage model. Bloodless RL graft volume and graft-recipient weight
ratio were measured as 1000 g and 1.02%, respectively. The drainage model was found
to be successful by postoperative MDCT. Finally, the recipient was discharged without
postoperative complications.

OUTCOME AND FOLLOW-UP
Case 1
The LLD had an uneventful postoperative clinical course. The drainage model was
found to be successful by postoperative MDCT. Finally, the recipient was discharged
on postoperative day 21 without complications.

WJH

https://www.wjgnet.com

408

July 27, 2020

Volume 12

Issue 7

Demyati K et al. Difficulties in drainage reconstruction of LDLT

Figure 1 Dissection plan between the right lobe of the liver and inferior vena cava. Intraoperative view of two inferior right hepatic veins draining the
right lobe posterior sector. IRHV: Inferior right hepatic vein; IVC: Inferior vena cava.

Case 2
The LLD had an uneventful postoperative clinical course. The drainage model was
found to be successful by postoperative MDCT. Finally, the recipient was discharged
with minimal biliary complications.

DISCUSSION
Definition of back-table reconstruction techniques for both patients
The perfusion and washing of the liver grafts with preservation solutions on the backtable stage were performed as described previously[2]. Using the cryopreserved
vascular graft materials, a common large opening drainage model was created to
include three IRHVs and V8. The rudimentary RHV was also integrated into the
drainage model. For this common large opening drainage model, an aortic vascular
graft was used as a quilt, while a saphenous vein graft was used to both create a
circumferential fence and extend V8 to the main drainage model. Both V5 orifices on
the cut surface were first created as a single orifice and then anastomosed directly to
the recipient's left hepatic vein stump using an expanded polytetrafluoroethylene
vascular graft (Figures 2 and 3). The liver implantation techniques used in both cases
were not different from other LT recipients with normal RHV. Postoperative US and
MDCT were performed to determine whether the venous drainage model was
successful in both recipients (Figure 4).
LDLT has been expanded to overcome the graft shortage and disparity between
supply and demand in patients on the LT waiting list. However, unlike a whole size
deceased donor liver graft, most of the living liver grafts require reconstruction of the
venous structures including RHV, IRHVs and MHV tributaries to restore venous
drainage of the corresponding segments to prevent any postoperative congestion.
Hepatic venous structures may be delineated using modern imaging techniques:
Doppler US, MDCT, and conventional angiography are particularly useful for
observing the venous structures. Variations or congenital anomalies in hepatic venous
structure in LLD candidates can disqualify the candidate or alter surgical choice. One
such hepatic venous anomaly is congenital absence of the RHV or a rudimentary RHV.
As vascular anomalies and variations in LLD candidates may cause unexpected
complications and difficulties, these vascular anomalies and variations must be
evaluated and documented clearly by imaging techniques before surgery. In our cases,
the rudimentary or congenitally absent RHV and presence of the IRHVs were
identified easily on preoperative MDCT, which allowed us to plan the surgery.
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Figure 2 The cryopreserved aortic vascular graft patch was placed between the four orifices as a quilt. After that the segment 8 hepatic vein
orifice was extended to the drainage model using a cryopreserved saphenous vein graft. IRHV: Inferior right hepatic vein; V8: 8 vein; RHV: Right hepatic vein.

Figure 3 A common large opening drainage model was created using the cryopreserved saphenous vein graft. IRHV: Inferior right hepatic
vein; V8: 8 vein; RHV: Right hepatic vein.

Difficulties in hepatic venous drainage in LDLT has been addressed by many
studies with many technical considerations and modifications investigated[1-12]. While
controversy exists regarding the ideal criteria and method of incorporating the IRHVs
into the graft’s drainage system and the ideal method of draining segments 5 and 8, it
is agreed that venous congestion due to inadequate outflow reconstruction impairs
regeneration, and is associated with increased complications including graft loss[8,12].
In our patients with absent or rudimentary main RHV and the presence of multiple
major IRHVs, a common large opening drainage model allowed for a wider ostium,
which achieved faster and easier anastomosis with the IVC reducing the warm
ischemia time with an ostium tolerating compression with less risk of compression and
obstruction. We reported a similar case from the same center in 2013, but did not find
similar reported cases in the English literature[2]. One case was reported with a liver
transplant in the absence of a RHV ostium with the right hepatic vein present and
drained into the IVC through a single ostial opening by the middle and left hepatic
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Figure 4 Postoperative contrast axial multidetector computed tomography image shows that the venous drainage model is functional.

veins, in that case a subtotal MHV was to be taken leaving behind the proximal MHV
with drainage of the segment 4b and RHV vein into it, as the patient’s RHV joined the
MHV intra-hepatically[13].
The venous outflow reconstruction is technically challenging for RL liver grafts with
an undrained anterior sector, along with the presence of multiple IRHVs with
vulnerability of congestion if not adequately reconstructed. Adding to the complexity
is the presence of a wide variability in the pattern of branching of hepatic veins,
difficulty in determining the optimal anastomotic site and direction especially in the
presence of major IRHVs to anastomose which requires further time[14,15]. Authors
recommend that short hepatic veins with a diameter ≥ 4 mm should be integrated into
the drainage system, which is our approach[2,3,15]. The need for IRHVs to be integrated
into the drainage system is even more essential in the absence of adequate drainage
through the RHV due to its absence or in cases where it is rudimentary, where in these
cases the major IRHVs dominate the venous outflow.
A common large opening reconstruction technique diminishes morbidity as well as
potential mortality associated with compromised graft outflow and has been proved to
be safe[1,4-6]. A single, wide orifice is achieved by various venoplasty techniques during
back-table procedures using cryopreserved conduits, or the recipient's saphenous vein,
or synthetic vascular grafts[3,5-7]. The technique used to perform a back-table venoplasty
to form a single, large orifice remains an easy procedure without added risks[5]. Also,
in the presence of dense adhesions due to previous surgeries, reduced available length
of IVC, and multiple collaterals, the outflow reconstruction becomes technically less
complex with this technique in addition to reducing the warm ischemia time with one
single anastomosis to the IVC.
With regard to the MHV tributaries, which drain the central region of the liver, our
approach is to leave the MHV in the donor’s side in cases without a segment 4b vein.
In cases with a segment 4b vein, the decision to include the MHV in the graft is made
with respect to the remnant liver volume. If the remnant liver volume is ≤ 30%, the
MHV should be left in the donor’s side. If the remnant liver volume is > 30%, the
decision is made with respect to the diameters of veins draining segment 5 and 8[2,6].

CONCLUSION
In conclusion, rudimentary or congenital absence of RHV is not an absolute
contraindication for RL-LDLT in centers with experience in venous outflow
reconstruction and various drainage models. However, it is important to meticulously
examine the vascular structures of donor candidates using preoperative radiological
instruments.
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Abstract
Since the first reports of coronavirus disease 2019 (COVID-19) cases in December
2019 in China, numerous papers have been published describing a high frequency
of liver injury associated with severe acute respiratory syndrome coronavirus 2
infection, many of them proposing a link between these findings and patient
outcomes. Increases in serum aminotransferase levels (ranging from 16% to 62%)
and bilirubin levels (ranging from 5% to 21%) have been reported and seem to be
more often observed in patients with severe forms of COVID-19. Although
absolute changes in these parameters are frequently seen, other variables, such as
the ratio above the upper limit of normal, the onset of liver injury as a
complication in severe cases and histopathological findings, reinforce that liver
changes are of dubious clinical relevance in the course of this disease. Other
factors must also be considered in these analyses, such as the repercussions of
hemodynamic changes, the presence of thrombotic events, and, mainly, the
possible drug-induced liver injury with the current, yet off-label, treatment. This
paper aimed to analyze the currently available data on liver injury in patients
with COVID-19.

Manuscript source: Unsolicited
manuscript

WJH

Key words: COVID-19; SARS-CoV-2; Liver injury; Liver enzymes; Drug induced liver

https://www.wjgnet.com

413

August 27, 2020

Volume 12

Issue 8

Brito CA et al. COVID-19 associated liver injury

Received: May 14, 2020
Peer-review started: May 14, 2020
First decision: June 2, 2020
Revised: June 5, 2020
Accepted: August 1, 2020
Article in press: August 1, 2020
Published online: August 27, 2020
P-Reviewer: Khoury T, Scalinci SZ
S-Editor: Zhang L
L-Editor: A
P-Editor: Li JH

injury; Pandemic
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The coronavirus disease 2019 (COVID-19) pandemic has affected millions
worldwide, with high lethality. Papers have been describing liver injury but with divergent
results; some have suggested a positive relationship between liver involvement and
severity of infection. To evaluate this matter, some aspects, such as the frequency and
severity of liver enzyme abnormalities, should be analyzed according to clinical and
histopathological findings; other associated factors, such as interactions with the drugs
used in COVID-19 treatment, should be analyzed as well. An overview of the aspects
related to liver injury during COVID-19 infection was analyzed in this study according to
evidence known to date.
Citation: Brito CA, Barros FM, Lopes EP. Mechanisms and consequences of COVID-19
associated liver injury: What can we affirm? World J Hepatol 2020; 12(8): 413-422
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/413.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.413

INTRODUCTION
The first reports of what is now known as coronavirus disease 2019 (COVID-19) came
out in December 2019 in China, and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, the COVID-19 etiologic agent, subsequently spread
worldwide. Currently, more than 200 countries have been affected, with
approximately 3 million confirmed cases and more than 200000 deaths to date (as of
May 5, 2020). Severe disease is observed in up to 20% of affected patients with a
lethality rate that may eventually exceed 10%[1-4].
Recently, many papers have been published reporting gastrointestinal
manifestations, including acute liver injury, with increased levels of
aminotransferases, in COVID-19 patients; these manifestations have been reported
more frequently in patients with severe forms of this disease. However, there is a wide
variation of these findings in different studies[5-18].
Despite frequent reports of liver injury in patients with COVID-19, some questions
remain: What is the liver enzymes’ curve and how often do they rise above the upper
limit of normal (ULN) serum level? Are these abnormalities correlated with COVID-19
disease severity? Can increased serum aminotransferase levels reflect the degree of
injury? What is the liver injury frequency in cases with a severe course of disease with
complications and death? What do histopathological findings suggest? Are the liver
parenchymal changes due to the systemic disease consequences or a direct effect of
SARS-CoV-2? May drug use for COVID-19 be the cause of liver injury?

FREQUENCY OF INCREASE IN LIVER FUNCTION ENZYMES IN COVID-19
PATIENTS
Liver injury related to SARS-CoV-2 disease has been defined by increased liver
enzyme serum levels, mainly aminotransferases and bilirubin, during the infection
course in patients with or without previous liver disease[5-18]. Wide variability in
deviations of liver enzyme serum levels from normal values is observed in infected
patients, with an elevation frequency ranging from 16% to 62% for aminotransferases
and from 5% to 21% for bilirubin. These abnormalities are seen mostly in severe forms
of COVID-19 (Tables 1 and 2)[6,10,12,14,16].
In fact, the study by Guan et al. found high aminotransferase serum levels in 22% of
757 hospitalized patients, with elevated aspartate transaminase (AST) in 18.2%
(112/615) of non-severe patients, in 39% (56/142) of severe patients and in 50% (26/52)
in those with complicated outcomes such as intensive care unit (ICU) hospitalization,
mechanical ventilation or death. In addition, bilirubin values above the ULN were
present in 13.3% of non-severe patients and 20.8% of severe patients[6].
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Table 1 Different studies that evaluates liver enzymes according to disease severity and treatment protocol
Death, n
(%)

Complications, n (%)

Treatment (%), Antiviral therapy;
Antibiotic therapy; Antimalarial

Treatment (Drugs)

Moderate: 51 (64.5%),
Severe: 28 (2.5%)

0

NR

NR

NR

Non-severe: 28 (68.3%),
Severe: 13 (31.7%)

6 (15%)

Acute respiratory distress: 12 (29%); Acute cardiac injury: 5 (12%);
All patients: AV (93%); AB (100%) NonAcute kidney injury: 3 (7%); Secondary infection: 4 (10%); Shock: 3 (7%) ICU care: AV (93%); AB (100%) ICU care:
AV (92%); AB (100%)

Antiviral: Oseltamivir Antibiotic: NR

15 (1.4%)

Acute respiratory distress: 37 (3.4%); Acute kidney injury: 6 (0.5%);
All patients: AV (35.8%); AB (58%) NonSeptic Shock: 12 (1.1%); Disseminated intravascular coagulation: 1 (0.1); severe: AV (33.8%); AB (53.8%) Severe:
Rhabdomyolysis: 2 (0.2)
AV (46.2%); AB (80.3%)

Antiviral: Oseltamivir Antibiotic: NR

n

Disease severity, n (%)

Xie et al[12]

79

Huang et al[5]

41

Guan et al[6]

1099 Non severe: 926 (84.3%),
Severe: 173 (15.7%)

Zhang et al[13] 115

Non severe: 84 (73%),
Severe: 31 (27%)

1 (0.9%)

NR

NR

NR

Cao et al[31]

128

Non severe: 107 (83.6%),
Severe: 21 (16.4%)

0%

NR

NR

NR

Chen et al[9]

99

Non severe: 76 (77%),
Severe (ICU): 23 (23%)

11 (11%)

Acute respiratory injury: 8 (8%); Acute kidney injury: 3 (3%); Septic
Shock: 4 (4%); Ventilator-associated pneumonia: 1 (1%)

All patients: AV (76%), AB (71%)

Antiviral: Oseltamivir, ganciclovir, lopinavir/ritonavir
Antibiotic: Cephalosporins, quinolones, carbapenems,
tigecycline, linezolid

Richardson
et al[18]

5700 Non severe: 4414 (77.4%),
Severe (ICU): 1286 (22.6%)

553/2634
(21%)

Acute kidney injury: 1370 (24%); Acute Hepatic injury 89 (1.6%)

NR

NR

Zhang et al[10] 221

Non severe: 166 (75%),
Severe: 55 (25%)

12 (5.4%)

Acute respiratory injury: 48 (21.7%); Acute kidney injury: 10 (4.5%);
Acute cardiac injury: 17 (7.6%); Arrhythmia: 24 (11%); Shock: 15 (6.8)

All patients: AV (88.7%) Non-severe: AV
(88%), Severe: AV (90.9%)

Antiviral: NR Antibiotic: NR

Bhatraju
et al[11]

24

Severe: 24 (100%)

12 (50%)

Shock: 17 (71%)

All patients: AV (29.2%)

Antiviral: Remdesivir

Zhou et al[8]

191

General: 72 (38%), Severe:
66 (35%); Critical: 53 (28%)

54 (28%)

Sepsis: 112 (59%); Respiratory failure: 103 (54%); Heart failure: 44
(23%); Septic shock: 38 (20%); acute cardiac injury: 33 (17%); Acute
kidney injury: 28 (15%); Secondary infection: 28 (15%)

All patients: AV (21%), AB (95%)
Survivors: AV (21%), AB (93%)Nonsurvivors: AV (22%), AB (98%)

Antiviral: Lopinavir/ritonavir Antibiotic: NR

Pan et al[15]

204

NR (total)

36 (17.6%)

NR

All patients: AV (90.2%), AB (64.7%)

Antiviral: Lopinavir/ritonavir Antibiotic: NR

Wang et al[7]

138

Non severe: 102 (74%),
Severe (ICU): 36 (26%)

6 (4.3%)

Respiratory failure: 27 (19.6%); Arrhythmia: 23 (16.7%); Shock: 12
(8.7%); Acute cardiac injury: 10 (7.2%); Acute Kidney injury: 5 (3.6%)

All patients: AV (89.9%); AB (100%) NonICU care: AV (88.2%); ICU care: AV
(94.4%)

Antiviral: Oseltamivir Antibiotic: Moxifloxacin,
ceftriaxone, azithromycin

Fu et al[16]

350

Common: 211 (60.3%),
Severe: 88 (25.2%); Critical
ill: 51 (14.5%)

34 (9.8%)

NR

NR

NR

Chen et al[17]

113

NR

113 (41%)

Type I respiratory failure: 18/67 (27%), Sepsis: 179 (65%), Acute cardiac All patients: AV (86%); AB (91%);
injury: 89/203 (44%), Heart failure: 43/176 (24%), Acute kidney injury: Recovered: AV (91%); AB (89%) Deaths:
29 (11%)
AV (79%); AB (93%)
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NR: Not report; ICU: Intensive care unit; AV: Antiviral therapy; AB: Antibiotic therapy; AM: Antimalarial.

Moreover, among 24 hospitalized ICU patients, Bhatraju et al[11] found increases of
41% and 32% in AST and alanine transaminase (ALT) levels, respectively. Huang
et al[5,7], when assessing the frequency of abnormalities among 41 patients, found AST
alterations in 62% of ICU patients compared to 25% of non-ICU hospitalized patients,
similar to the findings in other studies.
According to these findings, the frequency of aminotransferase elevation during
COVID-19 is directly related to the disease severity; that is, the higher the COVID-19
severity, the greater the chance of liver enzyme elevation. Then, increases of
aminotransferases serum levels would be a predictor factor of severity of SARS-CoV-2
infection.

SERUM LEVELS OF LIVER ENZYMES AND LIVER INJURY
It must be acknowledged, however, that in acute liver injury, hepatocyte necrosis
extension is reflected by aminotransferase serum levels. Although these changes are
often described in COVID-19 cases, the aminotransferase serum level abnormalities are
discrete[6-8,10-16].
In a study by Cao et al[14] 107 non-severe COVID-19 patients had a mean AST of
30.63 U/L (30.63 ± 18.85), and even among the 21 severe cases, serum levels were
lower than 100 U/L (44.13 ± 36.26)[14]. In another study involving 115 patients, 27%
were categorized as severe, and among them, 85% had serum AST levels below 50
U/L, with no cases presenting an AST above 150 U/L and just one case with an ALT
level above this value. For bilirubin, only seven cases presented with serum levels
higher than ULN (> 21 μmol/L), and they did not exceed 31.5 μmol/L[13].
Using a stratification score for the variability in serum levels among 341 patients,
Cai et al[19] found 25% of AST abnormalities at admission, with most of these cases
(91%) having serum levels between one and two times above ULN; 8% had an
elevation range of two and three times above ULN, and only 1% had an elevation
above three times the ULN[19].
In the evaluation of cases that progressed to a fatal outcome, the same pattern
persisted. In the study by Chen et al[17], 52% (59/113) of deceased patients presented an
AST increase, with median serum levels of 45 U/L (IQR: 31.0-67.0). On the other hand,
only 25 out of 161 (16%) patients who recovered presented AST levels higher than the
ULN, with median serum levels of 25.0 (IQR: 20.0-33.3)[17].
In an analysis of 82 deaths, Zhang et al[10] compared the aminotransferases and
bilirubin values at admission and 24 h before the fatal outcome. The alterations were
higher close to the timing of death, with AST, ALT and bilirubin values above the
ULN occurring in 70%, 40% and 30.6%, respectively. However, the absolute values
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Table 2 Frequency and serum levels of hepatic enzymes abnormalities in different studies
Serum levels, Total bilirubin
mol/L1

AST abnormalities %1

Serum levelsAST U/L1

ALT abnormalities %

Serum levelsALT U/L1

Total bilirubinabnormalities %

Xie et al[12]

35.4%

2

All patients: 30 (20-50);
Moderate: 28 (22-48); Severe: 35
(22-55)

31.6%

2

All patients: 34 (18-67);
Moderate: 28 (21-43.5); Severe:
36.5 (17.5-71.5)

5.1%

2

Huang et al[5]

2

All patients: 37%, Non-ICU: 25%;
ICU: 6%

2

All patients: 34 (26-48); NonICU: 34 (24-40.5); ICU: 44 (3070)

NR

2

All patients: 32 (21-50); NonICU care: 27 (19.5-40); ICU care:
49 (29-115)

NR

2

Guan et al[6]

All patients: 22.2%; Non-severe:
18.2%; Severe: 39.4%;
ICU/IMV/Death: 50%

NR

All patients: 21.3%; Non-severe:
19.8%; Severe: 28.1%;
ICU/IMV/Death: 40.8%

NR

All patients: 10.5%; Non-severe:
9.9%; Severe: 13.3%;
ICU/IMV/Death: 20.8%

NR

Zhang et al[13] 17%

2

All patients: 28.3 ± 15.6; ULN ≤
50 U/L: 85%; 50-150 U/L: 15%;
> 150: none

11%

2

All patients: 25.71 ± 21.8; ULN:
≤ 50 U/L: 90.4%; 50-150 U/L:
8.7%; > 150: 0.9%

6.96%

2

Cao et al[31]

NR

All patients: 30.63 ± 18.85; Nonsevere: 27.98 ± 25.8; Severe:
44.13 ± 36.26

NR

All patients: 31.35 ± 20.36; Nonsevere: 28.89 ± 31.83; Severe:
43.87 ± 47.8

NR

NR

Chen N
et al[9]

35%

All patients: 34 (26-48)

28%

All patients: 39 (21-55)

18%

All patients: 15.1 ± 7.6

Richardson
et al[10]

58.4%

All patients: 46 (31-71)

39%

All patients: 33 (21-55)

NR

NR

Zhang et al[10] NR

All patients: 29 (22-49); Nonsevere: 27 (20-38); Severe: 51
(29-78)

NR

All patients: 23 (16-39); Nonsevere: 22 (14-33); Severe: 32 (2257)

NR

All patients: 10 (8-14.2); Nonsevere: 9.6 (7.9-13.8); Severe: 11.4
(8.6-17.4)

Bhatraju
et al[11]

41%

NR

32%

NR

NR

0.6 (0.5-0.7)

Zhou et al[8]

NR

NR

All patients: 31% Survivor: 24%; Non- All patients: 30 (17-46); Survivor:
survivor: 48%
27 (15-40); Non-survivor: 40 (2451)

NR

NR

Pan et al[15]

NR

All patients: 35.6 ± 59.6

NR

All patients: 35.8 ± 48.5

NR

All patients: 13.3 ± 10.2

Wang et al[7]

NR

All patients: 31 (24-51); NonICU: 29 (21-38); ICU: 52 (30-70)

NR

All patients: 24 (16-40); Non-ICU: NR
23 (15-36); ICU: 35 (19-57)

All patients: 9.8 (8.4-14.1); NonICU: 9.3 (8.2-12.8); ICU: 11.55 (9.618.6)

Fu et al[16]

NR

Common: 16 (20-35); Severe: 29
(23-54); Critical ill: 49 (35-80)

NR

Common: 22 (14-35); Severe: 23
(15-36); Critical ill: 33 (19-61)

NR

2

Chen et al[17]

All patients: 31%; Deaths: 52%;

All patients: 16 (22-46);

All patients: 22%; Deaths: 27%;

All patients: 23 (15-38);

NR

All patients: 9.6 (6.7-13.5);
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All patients: 13.6 (8.8-17.6);
Moderate: 13.9 (8.9-18.7); Severe:
12.7 (8.1-15.4)
All patients: 11.7 (9.5-13.9); NonICU care: 10.8 (9.4-12.3); ICU care:
49 (11.9-32.9)

All patients: 11.31 ± 5.8; ULN: ≤
21 μmol/L: 94%; 21-31.5 μmol/L:
6%

Common: 10.4 (7.5-14.7) Severe:
10.9 (8.0-16.2); Critical ill: 12.6
(10.5-17)
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Recovered: 16%

Recovered: 25 (20-33.3); Deaths:
45 (31-67)

Recovered: 19%

Recovered: 20 (14.2-32); Deaths:
28 (18-57)

Recovered: 8.4 (5.8-11.2); Deaths:
12.6 (9.4-16.7)

1

Data is mean ± SD or median.
Values on admission. ALT: Alanine transaminase; AST: Aspartate transaminase; NR: Not report; ICU: Intensive care unit; IMV: Invasive mechanical ventilation; ULN: Upper limit of normal.

2

were not as high as supposed, with AST, ALT and bilirubin serum levels averaging 72
U/L (IQR: 30-71), 26 U/L (IQR: 18.5-47.5) and 13.6 μmol/L (IQR: 10-22.9) on
admission, respectively, and 74.5 U/L (IQR: 35.5-184), 30.5 U/L (IQR: 22-102.5) and 26
μmol/L (IQR: 18.5-47.5) 24 h before death. Moreover, the authors also compared
COVID-19 patients with 119 patients with community-acquired pneumonia due to
other etiologies and did not observe significant differences in aminotransferase serum
levels[10].
Although uncommon, there have been published reports of significant elevation in
liver enzymes, such as the elevations described among 99 COVID-19 patients in the
study by Chen et al[9], with one case (1%) presenting an ALT of 7590 U/L and an AST
of 1145 U/L[9].
According to the studies published so far, liver enzyme serum levels are not very
elevated during SARS-CoV-2 infection; most often they are below twice the ULN.
These findings suggest that hepatocyte necrosis on the hepatic parenchyma is discrete
and that liver injury does not seem to be very relevant. Likewise, serum levels appear
to increase according to the progression time of the disease COVID-19 severity. To
date, rare cases of high elevations of liver enzymes have been described during
COVID-19.

HISTOPATHOLOGICAL FINDINGS
Therefore, the evidence shows that liver injury has little clinical relevance in the course
of COVID-19 disease. Nevertheless, liver failure is a rare complication in severe cases,
even though hypoxia and shock may contribute to hepatocyte damage. On the other
hand, reports of acute respiratory failure, heart failure, acute cardiac injury, acute
kidney injury and shock predominate in many studies as more frequent complications
and causes of death[5-8,10,13,17,18].
Little is known about how hepatocytes are damaged during SARS-CoV-2 infection.
However, years ago, evaluation of three patients with SARS-CoV confirmed the
presence of coronavirus in liver tissue by RT-PCR, but the virus was present in low
titles because no viral inclusions were observed ultrastructurally[20,21].
Additionally, postmortem histopathological studies show discrete changes in the
hepatic parenchyma, and these findings may have multifactorial causes related to the
viral mode of action, inflammatory response, adjacent repercussions of systemic
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hemodynamic alterations, coagulation disorders or drug induced liver injury
(DILI)[22-24].
In a study developed in Milan with 48 liver biopsies from postmortem COVID-19
patients, vascular changes in the portal vein were observed, with an increased number
of portal branches, terminal vessel dilations, and thrombi found in portal and
sinusoidal vessels. The inflammatory alterations were discrete, with mild portal and
lobular infiltrates. The authors suggested that histopathological findings in COVID-19
are suggestive of changes in the intrahepatic blood vessel network secondary to
systemic alterations induced by SARS-CoV-2 that could indicate that they are a target,
in addition to the lung parenchyma or cardiovascular system. However, they conclude
that liver failure is not a major concern in COVID-19 cases, and this organ is not a
significant inflammatory injury target[23].
Moreover, some authors suggest that liver injury in COVID-19 may be triggered by
viral replication itself within hepatocytes, since SARS-CoV-2 binds cells through the
angiotensin-2-converting enzyme, especially in bile epithelium cells[23]. Nevertheless,
the low serum aminotransferase levels observed in COVID-19 patients do not suggest
that the exacerbated inflammatory response or direct viral injury to hepatocytes is
relevant. The pattern of the aminotransferase curve during SARS-CoV-2 infection is
different from those observed in hepatitis associated with other epidemic viruses that
induce frequent and intense LFT elevations due to diffuse parenchymal necrosis, as
found, for example, in patients with dengue or yellow fever[25-28]. In fact, the liver injury
found in COVID-19 looks that one observed in other viruses, such as SARS, MERS and
influenza[29-31].
Lastly, the liver histopathological findings observed in most patients with COVID19 are suggestive of vascular abnormalities possibly resulting from increased arterial
flow to the liver secondary to cardiac distress and thrombotic phenomena in the portal
and sinusoidal vessels[23]. Nonetheless, eventually in some patients might be the
involvement of some drug, as antibiotics or antivirals, in the induction of liver injury.

OTHER CAUSES OF LIVER INJURY IN SARS-CoV-2
Other factors may be involved in hepatic enzyme alterations. Several medications used
to treat COVID-19, mainly antivirals such as lopinavir/ritonavir and remdesivir,
chloroquine and hydroxychloroquine antimalarials, antibiotics including
azithromycin, or immune-modulators such as tocilizumab, may lead to DILI.
Therefore, physicians should be aware of the LFT profile in response to drug use to
help attribute liver injury to the natural history of infection[19,32-39].
Antivirals such as lopinavir/ritonavir and remdesivir that have been recently used
for COVID-19 may be associated with liver injuries. DILI from lopinavir/ritonavir has
been reported in 2%-10% of patients[32]. Cai et al[19] published a trial in which 417
patients using lopinavir/ritonavir presented a higher risk for developing liver injury
[OR of 4.44 (P < 0.01)] and higher levels of bilirubin and gamaGT during
hospitalization (P < 0.004)[19].
The use of antimicrobials and antibiotics, frequently prescribed for suspicious or
confirmed very ill COVID-10 patients, is considered a frequent etiology of DILI[33].
In the reviewed papers, antivirals and antimicrobials were often prescribed to
COVID-19 patients, ranging from 21% to 93% and 58% to 100%, respectively and many
times they were used simultaneously[5-11,13,17]. Liver enzymes abnormalities were often
seen, even in the trials that less frequently used antiviral treatment[6,8,11]. In Zhou et al[8]
trial, lopinavir/ritonavir was used in around 20% of the patients either they survive or
not, and ALT abnormalities was observed in 24% and 48% respectively[8]. There is also
a wide variability in antivirals prescribed to patients, such as oseltamivir, remdesivir,
lopinavir/ritonavir and ganciclovir. The same is also observed with the use of
antimicrobials, either alone or in combination with antivirals and other drugs. This
does not allow us to stablish a clear causality relationship or even the amount of
importance to the use of this drugs and the liver injury. Besides it the histopathological
findings do not suggest a DILI pattern[23].
Hydroxychloroquine (HCQ) has been used, though still off-label, in several
countries, despite the limited number of studies published so far and divergent
opinions regarding its efficacy. Although hepatotoxicity in users of HCQ is
uncommon, LFTs and severe liver dysfunction have been documented[37-40].
Makin et al[40] reported two cases of patients with rheumatological disease who, after
2 wk of using 400 mg of HCQ daily, were admitted with fulminant hepatitis; one
required a liver transplant, and both patients died[40]. Recently, Falcão et al[37] reported
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an increase in LFTs in very sick COVID-19 patients on drug treatment, with return to
normal levels once the drugs were halted[37].
The mechanisms of hepatic injury related to HCQ are poorly established, and
toxicity may be due to reactive metabolites and oxidative stress induced by this drug
or an idiosyncratic toxic or synergistic effect associated with inflammatory processes
induced by the infection itself[41-43].
More recently, azithromycin in association with HCQ has become a therapeutic
option for COVID-19 patients[44,45]. Biliary and hepatocellular injury have been
associated with azithromycin use[34-36]. Another report with 18 patients presenting with
azithromycin-induced DILI described a wide range of histopathological abnormalities,
including hepatitis, veno-occlusive changes and/or central venulitis acute cholestasis
and cholestatic hepatitis[35].
Due to the significantly increased use of HCQ and azithromycin during COVID-19
disease treatment, liver toxicity related to these drugs must be considered, and liver
abnormalities should not be solely attributable to SARS-CoV-2 infection itself; the high
risk of DILI seen in these scenarios should not be neglected. If DILI is suspected,
COVID-19 drugs should be promptly halted.
Additionally, it is highly difficult to stablish a causality relationship between a
specific drug and liver injury during COVID-19 infection, because most of the times
they are used as combination of antimalarials, antivirals, antimicrobials,
anticoagulants and sometimes vasoactive drugs. It is also worth remembering that the
most severe cases, which do not present favorable evolution, are those where more
drugs are administered in the fight against the disease.

CONCLUSION
Despite the common descriptions of liver enzyme abnormalities observed in COVID19 patients, the frequency, intensity and impact of liver injury are discrete and of little
clinical significance regarding morbidity or mortality of this disease. A better
understanding of the natural history of liver involvement may be addressed in the
near future with well-designed prospective studies regarding viral and immunologic
research.
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Abstract
Cholestatic liver diseases (CLD) begin to develop after an impairment of bile flow
start to affect the biliary tree. Cholangiocytes actively participate in the liver
response to injury and repair and the intensity of this reaction is a determinant
factor for the development of CLD. Progressive cholangiopathies may ultimately
lead to end-stage liver disease requiring at the end orthotopic liver
transplantation. This narrative review will discuss cholangiocyte biology and
pathogenesis mechanisms involved in four intrahepatic CLD: Primary biliary
cholangitis, primary sclerosing cholangitis, cystic fibrosis involving the liver, and
polycystic liver disease.
Key words: Cholestasis; Cholangitis; Epigenomics; Immunogenetics; Pathogenesis; Bile
acid
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Several factors can condition bile flow derangements including environmental
triggering factors, bile transport obstruction and conditions that alter bile concentration.
Sustained pro inflammatory signaling associated with genetic and/or epigenetic
dysregulation can condition a chronic dysfunctional state that can lead to a fibrogenic state
with loss of homeostasis and sometimes malignant transformation.
Citation: Yokoda RT, Rodriguez EA. Review: Pathogenesis of cholestatic liver diseases. World
J Hepatol 2020; 12(8): 423-435
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/423.htm
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INTRODUCTION
Cholestatic liver diseases (CLD) encompasses progressive cholangiopathies, which
may evolve to end-stage liver disease. In the United States from 1988 to 2018, this
group of illness corresponded to 14.2% of all liver transplants[1]. Thus far, their high
morbidity and mortality are an economic burden that evolved from the lack of
effective treatments. Moreover, 10% to 40% of these patients will have a recurrence of
the primary disease after liver transplantation (LT)[2].
New prospective therapeutic targets are an unmet necessity, a number of which are
under preclinical development. To evaluate these potential therapies, it is essential to
understand the primary target of these pathologies, the cholangiocytes. This review
will reinforce the current understanding of the core concepts of CLD pathogenesis in
the light of the last translational advancements that may impact clinical management.

CLD: COMMON PATHOGENIC MECHANISMS
Several factors can condition bile flow derangements (Figure 1). Although
environmental triggering factors are mostly unknown, antigenic stimuli, exotoxins,
endotoxins, xenobiotics, and microorganisms can promote cholangiocyte reaction that
will evolve into a cholestatic state[3]. Bile transport obstruction is another predisposing
factor. Intrahepatic and extrahepatic obstruction can take place due to extrinsic benign
compression (cystic diseases), malignant mass effect (cholangiocarcinomas), and also
as a consequence of cholelithiasis formation or migration throughout the biliary tree.
Moreover, conditions that slow biliary flow promote a cholestatic state with increased
bile acid (BA) concentration. Sepsis, hyperestrogenic states (pregnancy), congestive
heart failure, and dysfunction of BA transporter genes may alter the main
characteristics of BA, conditioning a more cytotoxic BA component.
Early cholangiocyte response may allow resolution of injury, however, sustained
pro-inflammatory signaling associated with disragulation of genetic and/or epigenetic
regulatory mechanisms could condition late dysfunctional permanent state.
Eventually fibrogenic state with biliary and periportal fibrosis, loss of tissue
homeostasis and autocrine and paracrine remodeling would be achieved. Ultimately,
proliferation may lead to cell-cycle alteration, senescence, apoptosis, ductopenia,
mesenchymal infiltration and sometimes malignant transformation. To date, new
therapeutic targets are being developed for each CLD considering the core of this
pathogenic process. The main framework will be analyzed along with the foundation
for potential clinical development.

Ductular reaction: First core concept
Intra and extra-hepatic bile ductules of different sizes are lined by cholangiocytes,
which are epithelial cells that regulate and modify bile volume and composition[3].
These vary in size, metabolic rate as well as proliferative and plasticity capabilities.
Biliary differentiation pathways are being more thoroughly understood and so it is
now known that hepatocytes and cholangiocytes have a common stem cell precursor,
and trans differentiation may occur in massive parenchymal loss from one to another,
although the exact mechanisms are not well understood[4].
Ductular reaction (DR) is part of the injury response. It is triggered by cholestasis
which activates the hepatic progenitor cells in CLD[5]. The sonic-hedgehog pathway
promotes both cholangiocyte maturation and deposition of fibronectin in ductularreactive cells[6]. DR may induce injury resolution, or, biliary fibrosis in the presence of
perpetuating transcriptional inflammatory addiction. The cytokine panel for this
transcriptional impairment depends on the disease phenotype and ultimately will
condition different histological classifications beyond the scope of this review[7].
Figure 2 lists the dominant spectrum of CLD.

Bile acid toxicity and mitochondrial dysfunction
The second core fundamental framework of CLD pathogenesis is BA cytotoxicity and
mitochondrial dysfunction. Besides its functional role of converting lipid bilayers into
mixed micelles, BA are endogenous ligands that activate a network of receptors
including nuclear receptor farnesoid X (FXR), vitamin D3 receptor (VDR), pregnane X
receptor (PXR), constitutive androstane receptor (CAR), membrane G protein-coupled
bile acid receptor-1, and Takeda-G-protein receptor5 (TGR5). Indeed, FXR and TGR5
provide an anti-inflammatory liver response in mouse models[8]. In fact, FXR mutations
have been considered a cause of progressive familial intrahepatic cholestasis. Intestinal
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Figure 1 Core pathogenic mechanism of cholestatic liver diseases.

activation of FXR increases FGF15, a bile synthesis repressor through CYP7A1, a main
regulatory enzyme, which reduces the pool size of BA and protects against escalating
pro-inflammatory signaling in mouse models[9].
Likewise, BA hepatobiliary transport dysfunction may lead to several phenotypes of
cholestatic diseases. Although transcellular BA transport details are mostly unknown,
a number of apical and basolateral transporters have been identified. After synthesis of
BA in the liver by CYP7A1 and hydroxylation by CYP8B1, bile acids and
phospholipids are excreted and secreted across the canalicular membrane of
hepatocytes into the biliary tree by BSEP (bile salt export pump/ABCB11) and ABCB4
(ATP binding cassette subfamily B member 4), respectively. BA are then re-uptaken in
the terminal ileum by ASBT (apical sodium-dependent bile acid transporter/
SCL10A2), and released into the portal system by a basolateral transporter (OSTα/β)
and may later be re-uptaken by the liver via NTCP (Na+/taurocholate cotransporting
polypeptide) or OATP (organic anion transporting polypeptides) transporters.
Intrahepatic BA can further be processed by hydroxylation, glucuronidation or
sulfation, and excreted back into sinusoidal and systemic circulation by OSTα/β and
MRP3/4 bile acid transporters. Critical steps in the enterohepatic circulation are
regulated by the BA receptor FXR, which limits BA uptake and synthesis by enhancing
biliary and basolateral BA export. FGF19, a gut-derived FXR-dependent enterocrine
hormone, suppresses hepatic bile acid synthesis and induces gallbladder filling when
it is activated by high intestinal BA concentrations[10].
Recently, AMP-activated protein kinase (AMPK) signaling pathways have been
implicated in the pathogenesis of drug-induced cholestasis[11]. An example of this
pathway is metformin. An older study reported that after 2-3 wk of metformin usage,
several patients developed portal inflammation and ductular proliferation[12].
Moreover, it is well-known that the hydrophilic profiles in BA spectrum protects
against apoptosis (TCA and UDCA), while those in the hydrophobic range induce
hepatic apoptosis and liver injury (TLCA and GCDCA). Additionally, accumulation of
cytotoxic BA activates NF-κB-mediated inflammatory cytokines. This pathway is
significant in intrahepatic cholestasis of pregnancy as it may arrest placental
inflammation[13].
Several studies have described BA toxicities and established commonalities between

WJH

https://www.wjgnet.com

425

August 27, 2020

Volume 12

Issue 8

Yokoda RT et al. Pathogenesis of CLD

Figure 2 Cholestatic liver disease clinical spectrum.

this toxicity and mitochondrial dysfunction in extra-hepatic cholestasis[14]. In vitro
studies demonstrated BA effect in normal liver cell line LO2. Glycochenodeoxycholic
acid (GCDCA) stimulated cytotoxicity, disrupted the mitochondrial membrane
potential, increasing production of reactive oxygen species (ROS), and leading to
decreased mitochondrial mass and mitochondrial DNA content[14]. This feature can be
fundamentally related to the development of anti-mitochondrial antibodies (AMA) in
primary biliary cholangitis (PBC), consequence of infiltration by both CD4+ and CD8+
T cells reactive to conserved mitochondrial and nuclear antigens, particularly the E2
component of the pyruvate dehydrogenase complex — the principal target of
circulating AMA[15]. Moreover, one study pointed deacetylation of the gene PGC-1α,
peroxisome proliferator-activated receptor gamma, coactivator one alpha. PGC-1 α
acts as an enzyme in mitochondria biogenesis[14]. In chronic intrahepatic cholestasis,
the lipid peroxidation activates extracellular matrix cells, ROS, and aldehydes; which
may exert direct fibrogenic effects on activated hepatic stellate cells[16].

Immunogenetic and epigenetic setpoints
The third fundamental aspect of the core framework is the influence of
immunogenetics and epigenetics on immunoinflammatory response. Patients with
CLD exhibit a variety of genetic alterations that account for the different elements of
each CLD. However, some of those genes may be directly implicated in the
progression rate of the cholestatic phenotype. Recently one study screened some of the
progression-related candidate genes for primary biliary cholangitis[17]. They evaluated
315 DNA samples from patients for single nucleotide polymorphisms (SNPs) of 11
candidate genes involved in regulation of bile acid synthesis. Interestingly, genetic
variants of CYP7A1, as well as its transcriptional activators (HNF4A and PPARGC1A),
may activate bile acid synthesis in an escalating fashion leading to the progressing
cholestasis in PBC[17]. It is significant that this gene could become a potential target for
new therapeutics, or indirectly their transcriptional activators could serve as
modulatory targets. This modulation is a type of epigenetic control of gene expression
as a pathogenic mechanism.
Another study highlighted the central role of the IL-12-STAT4-Th1 pathway, a proinflammatory pathway in the progression of PBC, as well as the HLA associations and
epigenetic effects[18,19]. Figure 3 shows a panel of immunogenetic genes, where those
directly related to the T-cell function or the B-cells or the IL12-STAT4-Th1 are
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Figure 3 Immunogenetics related to the core of cholestatic liver diseases. PSC: Primary sclerosing cholangitis.

highlighted with a red dot. Additionally, genes associated with loss of immunetolerance and epithelial permeability are marked with a yellow dot[20,21].

Dysfunctional matrix re-arrangements and fibrogenesis
To complete the core framework of CLD, dysfunctional matrix rearrangements and
fibrogenesis are the fourth concept. Fibrogenesis is a dynamic process that appears
intricate to immunoinflammatory mechanisms, secretion of tissue metalloproteinases,
cytokine networks and derangements of mesenchymal cells infiltration with ultimate
loss of tissue maintenance homeostasis[16]. The pattern of extra cellular matrix (ECM)
accumulation in some CLD such as PBC is characterized by increased expression of
mRNA encoding collagen type I, III, and IV, which in mesenchymal cells promotes the
expansion of portal tracts, leading to deposition of excessive fibrillar ECM. In this way
the fibrogenic processes involve damaged and non-damaged bile ducts as well as the
periportal sinusoidal system, resulting in progressive cholestasis[16]. In contrast in
patients with primary sclerosing cholangitis (PSC), the fibrogenic process has been
compared to atherosclerosis onion-like concentric recruitment of pro-fibrogenic cells.
Also animal models have reported vascular injury with ischemia of the bile duct
epithelial cells during development of PSC lesion[22].
Hepatic stellate cells (HSC) are the primary source of myofibroblast during liver
injury, however mesenchymal cells also give rise to myofibroblasts (portal
myofibroblasts (PMF) as these cells are located in the portal tract)[23]. Studies in animal
models of biliary cirrhosis (rat) reported that PMF use vascular endothelial growth
factor A-containing microparticles signaling for newly formed vessels, driving scar
progression, while acting as mural cells[24]. This type of fibrosis progression originating
from the portal tract is crucial in cystic fibrosis-related liver fibrosis[25]. In PBC
epigenetic influence has been observed in the discordance of monozygotic twins. The
role of the CD40-CD40L interaction in T-cell and B-cell mechanisms has been reported
in the decreased methylation of CD40L promoter regions amongst PBC patients
compared with controls[18]. Similarly, X chromosome monosomy has been found on
peripheral cells of PBC patients[26]. Recently the Milan PBC epigenetic Study Group
reported demethylation of the CXCR3 promoter, which is negatively correlated with
peripheral blood receptor expression in CD4+ T-cells[27]. The epigenetic role of
demethylation is considered as CXCL9-11 is up-regulated in damaged bile ducts and it
is a co-ligand for CXCR3, which is highly expressed in Th1 and Th17[28]. Another group
evaluated the role of microRNA (miR), that can also promote downregulation of
protein-coding gene expression. Down-Regulation of miR-122a and miR-26a was
reported, as well as an increased expression of miR-328 and miR-299-5p. These
microRNAs are known to affect cell proliferation, inflammation, oxidative stress
metabolism, and apoptosis[29].
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PRE-CLINICAL THERAPEUTIC DEVELOPMENTS
From a pathogenic standpoint, a number of therapeutic genetic and epigenetic targets
can be considered. Some pathways already have one or more target drugs available.
Table 1.
A number of preclinical studies may pave the way to new clinical advancements. A
few of them are listed in Table 2, where we highlight the main pathogenic framework
as described before.

CLINICAL TRIALS AND TRANSLATIONAL RESEARCH
The core fundamental concepts and pathogenic framework are platforms to build new
models of clinical interventions for specific CLD. This section addresses the main
cholestatic diseases individually.

Primary biliary cholangitis
PBC is characterized histologically by intralobular nonsuppurative bile duct
destruction by lymphocytic cholangitis[30]. Patients with PBC often have a decreased
quality of life as the disease progresses to hepatic fibrosis and end-stage liver disease.
To date, one-third of the patients do not have a biochemical response to
ursodeoxycholic acid (UDCA), which is primarily defined by bilirubin and alkaline
phosphatase levels after one year of UDCA.
PBC inflammatory disarrays present with increased cholangiocyte chemokines
released mainly CXCL10, CXCL9, CX3CL1, and CCL20, which involve the IL-12/IL23
pathways[31]. A number of novel therapeutics in immunomodulation such as fibrates
and budesonide had promising results as an alternative to UDCA nonresponders, and
recently obeticholic acid was approved by the FDA for UDCA non responders[32-34].
Advancements for PBC patients also include agonists for peroxisome proliferatoractivated receptor alpha (PPARα), FXR, GR/PXR most often in combination with
UDCA, fibrates, obeticholic acid (OCA) and budesonide, respectively[35]. Some of these
translational therapeutics are mentioned in Table 3 and can also be used in PSC as
discussed as follows.

Primary sclerosing cholangitis
There are currently no approved therapies for PSC. The disease causes a significant
economic burden, and patients have high hospitalization and malignancy rates, often
progressing to end-stage liver disease, requiring eventually liver transplantation.
Table 3 summarizes the main translational research in the field. Novel approaches for
PSC include transcriptional modifiers of bile formation, such as the agonists of FXR,
PXR, GR and activation of PPARα. This activation can be promoted by fibrates as they
decrease expression of inflammatory cytokines, also reducing hepatocyte BA
synthesis. Another approach is the use of agonists of Takeda-G-protein 5 (TGR5), a BA
membrane receptor expressed in various tissues as it can lower the levels of
proinflammatory cytokines in bile ducts[36]. Other approaches include inhibitors of the
ileal apical sodium BA transporter, derivatives of the FXR-induced fibroblast growth
factor 19 (FXR-induced FGF19) from the ileum that suppress hepatic BA synthesis, and
norursodesoxicholic acid (norUDCA), a side chain shortened UDCA derivative.

Cystic fibrosis involving the liver – hepatobiliary spectrum
The frequency of biliary manifestations in cystic fibrosis (CF) is still unclear. Clinical
phenotypes range from gallbladder dyskinesia, symptomatic cholelithiasis to
sclerosing obstructive cholangitis. Early diagnosis can be challanging. Tools like the
Aspartate Aminotransferase-to-Platelet Ratio Index (APRI) are reliable at predicting
severe fibrosis, but not for differentiating fibrosis in early stages. Therefore, serum
biomarkers are an unmet necessity thus far. Promising research areas include further
investigating the role of intestinal bile salt malabsorption such as the plasma fibroblast
growth factor 19 (FGF19) and the intermediate of CYP7A activity and the 4-cholesten3-one (C4)[37]. Transient elastography may be useful as well, however appropriate
validation in mild-to-moderate fibrosis is still pending[38]. Clinical trials for CF
cholestasis, using the new generation of therapeutic targets beyond UDCA, would also
provide benefits to patients. Some agents discussed previously had good results in
preclinical research, such as NorUDCA, tested in mice[39].
Recent CF animal model investigations uncovered the underpinning relationship of
the CF transmembrane conductance regulator and the control of biliary epithelial
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Table 1 Potential pathways as targets for existing antibodies
Previous disease of
drug-testing

Drug

Primary role of the pathway in specific cholestatic liver disease

Anti-CD40
(dacetuzumab/lucatumumab)

T-cell-B-cell interactions in primary biliary cholangitis

Multiple sclerosis (preclinical)

Anti-CXCL10 (MDX-1100)

CXCR3-CXCL9/10/11 CXCR3 is upregulated on liver-infiltrating Th1 and Th17 in
primary biliargy cholangitis

Rheumatoid arthritis

Anti-CXCL13 (Mab 5261)

T- and B-cell migration to germinal centers in primary biliary cholangitis

Preclinical development

Anti-CCR6

Recruitment of Th17 cells around inflamed biliary epithelial cells in primary
biliary cholangitis

Preclinical development

Anti-GRP35

Activation of GPR35 reduces IL-4 release from natural killer T cells in primary
sclerosing cholangitis

Antibody recently
developed

Anti-PRKD2

SIK2 pathway in PSC, AMPK-related kinase PRKD2 polymorphism are seen in
early inflammatory bowel disease in primary sclerosing cholangitis

Preclinical development

Ref.
[53]

[54]

[55]
[56]

[57]

[58]

PSC: Primary sclerosing cholangitis.

inflammation and permeability mediated by TLR4-NF-κB[40]. Moreover, a number of
studies have identified a dysfunctional PPAR-gamma (peroxisome proliferatoractivated receptor gamma), that was partially recovered with PPAR-gamma ligands,
as rosiglitazone, particularly attenuating biliary fibrosis in CF[41]. Another study, also in
murine model, linked those PPAR-gamma as a limiting factor for NF-κB-dependent
inflammation[42]. These findings can possibly be further studied as possible target for
future therapies.

Polycystic liver disease
Polycystic liver diseases are autosomal dominant disorders that result from a mutation
of PRKCSH or Sec63 genes; genes that are mainly expressed in cholangiocytes[43].
Cystogenesis in this scenario is due to benign cholangiocyte proliferation, with cellcycle dysregulation and increased level of cAMP in cholangiocytes leading to cyst
progression and abnormal fluid transport[44]. Over time, the cyst growth may compress
the biliary tree impairing bile flow as well. Liver volume is a prognostic marker as
complications may occur as the disease progresses, such as hepatic cyst infection,
rupture, hemorrhage and hepatic venous outflow obstruction[45]. Therapeutic
developments have focused in preclinical studies in lowering cAMP and stopping or
reversing progression, usually evaluated by the organ size and hepatic cystic volume.
Octreotide became an option for treatment via decrease in cAMP levels[46,47]. Recently
an open-label clinical trial tested UDCA effect in cystic liver diseases and reported a
reduction of liver cyst volume growth after 24 wk of treatment[48,49]. This effect was
expected as UDCA decreases the concentration of cytotoxic BA and therefore
diminishes proliferation stimuli[50]. Additionally, more than 50% of patients may have
fibrosis[51].

CONCLUSION
Although CLD pathogenic features are becoming unveiled, and translational research
is achieving success, some findings still challenge what we know about the basic
molecular developments in CLD, such as the relationship of FXR agonists, synthesis of
FGF19 and metabolism expression and cell survival[52], and ultimately possible
carcinogenesis. To date, inhibitors of the FGF19/FGFR4 pathway are in development
for the treatment of hepatocellular malignancies. This acknowledgment for the regular
hepatology practice is essential, as for a number of cases, hepatologists and oncologist
specialized in hepatobiliary tumors do not often work on the same cases at the same
point in time. However, the same patient may experience interactions with these
professionals on different occasions in the course of disease progression. For the
current therapeutics of cholestatic disease, FXR agonists may represent a novel
approach for PBC, and trigger experimentational use for PSC. In the long run,
however, the aberrant expression of FGF19 in its oncogenic driver is not entirely
presumed. The landscape of modulation of the fibroblast growth factor family, as well
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Table 2 Preclinical research cholestatic liver diseases
Area of concern

Findings

Approach

Ref.

Mitochondrial damage by GCDCA

Mitofusin 2 protects hepatocyte mitochondrial function

In vitro (LO2 cell
lines)

Immunomodulation in primary biliary
cholangitis with CTLA-4-Ig (immunoglobulin)
as an immunotherapeutic agent

Signaling by CTLA-4 can modulate costimulation and induce inhibitory
signals

In vivo (murine
models)

Immunomodulation in primary biliary
cholangitis with anti-CD40L

Reduced liver inflammation significantly initial lowering of anti-mitochondrial In vivo (murine
antibodies was observed but non-sustained.
models)

Action of nuclear bile acid receptor FXR in
cholestasis

Hepatoprotection from cholestasis by inducing FGF-15

In vivo (murine
model)

Immunomodulation Anti-CCR5/CCR2 in
combination with all-trans-retinoic acid

Significant reduction in plasma liver enzymes, bilirubin, liver fibrosis, bile
duct proliferation and hepatic infiltration of neutrophils and T cells and
expression of cytokines

In vivo (murine
model)

Curcumin acts through FXR signaling

Protection against alpha-naphthylisothiocyanate ANIT-induced cholestasis

In vitro and in
vivo (murine
model)

Modulation of bile duct proliferation, with
Melatonin

GnRH stimulated fibrosis gene expression in Hepatic stellate cells; melatonin
may improve outcomes of cholestasis by suppressing GnRH.

In vivo (murine
model)

Apamin, an apitoxin (bee venom) derivate
prevented tetrachloride-induced liver fibrosis

Apamin suppressed the deposition of collagen, the proliferation of BECs and
expression of fibrogenic genes

In vivo (murine
model)

Toxic bile acids induce mitochondrial
fragmentation. Preventing fragmentation
improved outcome

Decreasing mitochondrial fission substantially diminished ROS levels, liver
injury, and fibrosis under cholestatic conditions

In vivo Knockout
mouse models

Epigenetic approach Histone deacetylase 4
(HDAC4) restores prohibitin-1 (PHB1)

Genomic reprogramming, with regression of the fibrotic phenotype

In vivo Knockout
mouse models

Anti-γ-glutamyl transpeptidase antibody for
osteodystrophy in cholestatic liver disease

GGT inhibited mineral nodule formation and expression of alkaline
phosphatase and bone sialoprotein in osteoblastic cells.

In vivo (murine
model)

EGFR signaling protects from cholestatic liver
injury and fibrosis.

STAT3 is a negative regulator of bile acids synthesis and protects from bile
acid-induced apoptosis. Additionally, it regulates EGFR expression

In vivo Knockout
mouse models

Necroptosis pathway in primary biliary
cholangitis

Necroinflammatory pathways regulated by receptor-interacting protein 3
(RIP3), with deleterious progress in cholestatic diseases. RIP3 deficiency
blocked bile-duct-ligation-induced (BDL) necroinflammation at 3 and 14 d
post-BDL

In vivo Knockout
mouse models

Tauroursodeoxycholic acid modulates
apoptosis in mice

Significant reduction of liver fibrosis, accompanied by a slight decrease of liver In vivo (murine
damage
model)

[59]

[60]

[61]

[9]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

as its signal through the transmembrane tyrosine kinase receptors, needs an operable
spotlight in cholestatic diseases.
Moreover, in pre-carcinogenic sclerosing conditions such as PSC, the agonistic effect
of cell proliferation, differentiation, and tissue repair through a potential oncogenic
signaling pathway demands further scrutiny. Besides, a possible role in therapeutic
resistance for advanced metastatic hepatocellular carcinomas, once the pathway is
wired up, is also concerning. Epigenetic modulation in the core of the CLD and the
hepatostat growth activation through FGF19/FGFR4 may interface with the HippoYap signaling and play an essential role in liver carcinogenesis.
It is expected that the current understanding of the multifactorial pathogenic
process and the potential substantial role of epigenetics will drive further much
needed basic research and introduce new concepts and prospective therapeutic targets
to the world of CLD.
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Table 3 Clinical trials and translational research
Area of concern and specific
Findings
cholestatic liver disease

Phase, study description

IL12/IL23 Inflammatory
pathway and loss of selftolerance (Primary biliary
cholangitis)

After 28 wk of treatment modest decreases in
alkaline phosphatase

Phase 2, open-label proof of
concept using Ustekimunab
for ursodeoxycholic acid nonresponsive patients

Ileal bile acid transporter (IBAT)
(Primary biliary cholangiti,
Alagille syndrome, progressive
familial intrahepatic cholestasis)

Bile acid transporter inhibitor A4250 interrupts
Phase 1 (40 individuals)
enterohepatic bile acid circulation at the terminal completed Bile acids A4250
ileum
either as monotherapy or in
combination with colonic
release cholestyramine

NCT02963077

Modified bile acid and FXR
agonist derived from
chenodeoxycholic acid
Obeticholic acid (OCA) (Primary
biliary cholangitis)

Durable treatment response; the drug was
approved by FDA in May 2017 for non-UDCA
responders

Phase 4, double-blind,
randomized, placebocontrolled, multicenter (428
patients) estimated
completion by 2025 (COBALT
study)

NCT02308111

IBAT inhibition by GSK2330672

After 14 d, GSK2330672 demonstrated to be safe,
well tolerated and reduced pruritus severity

Phase 2 double-blind,
randomized, placebocontrolled

NCT01899703

Bile acids

Significantly reduced ALT and the bile acid
intermediate C4

Phase I: Combination of
UDCA and ATRA

NCT01456468

Bile acids Obeticholic acid
monotherapy (Primary biliary
cholangitis)

With ursodiol or as monotherapy for 12 mo
decreases from baseline in alkaline phosphatase
and total bilirubin levels that differed
significantly from the placebo. observed changes

Phase 3, double-blind,
placebo-controlled trial and
long-term safety extension of
obeticholic acid (217 patients)
(POISE study)

NCT01473524

Bezafibrate 400 mg alternative

PBC patients with inadequate response to
ursodeoxycholic acid alone, treatment with
bezafibrate in addition to ursodeoxycholic acid
resulted in a rate of complete biochemical
response that was significantly higher than the
rate with placebo and ursodeoxycholic acid
therapy

Phase 3 multi-center,
NCT01654731
randomized, placebocontrolled, parallel-group (100
patients) (BEZURSO study)

Different doses of UDCA in
primary sclerosing cholangitis

Significantly reduced ALP values dosedependently

Phase 2 double-blind,
randomized, multi-center,
placebo-controlled (159
patients) (NUC3)

NCT01755507

Pentoxifylline as
immunomodulator for primary
biliary cholangitis

The study is small, and results were in
clinicaltrials.gov, but due to study size no
conclusion can be safely achieved

Phase 2, pilot study, openlabel Pentoxifylline 400 mg
TID for six months (20
participants)

NCT01249092

Umbilical cord-derived
mesenchymal cells (UC-MSC)

A significant decrease in alkaline phosphatase

Phase1/2 study, randomized,
parallel group (100
participants) 12 wk of
treatment

NCT01662973

Mitomycin C in primary
sclerosing cholangitis

Final results awaited

Phase 2, double-blind,
randomized, parallel group
(130 participants)

NCT01688024

-

Curcumin in primary sclerosing
cholangitis

Final results awaited

Phase1/2 open-label pilot
study Evaluating the safety
and efficacy of curcumin (15
participants)

NCT02978339

-

Human monoclonal antibody
(BTT1023) that targets the
vascular adhesion protein (VAP1) in primary sclerosing
cholangitis

Recruiting

Phase 2, a single arm, twostage, multicenter, open-label
(41 participants)

NCT02239211

Cenicriviroc a CCR2/CCR5
inhibitor proof of concept in
primary sclerosing cholangitis

Results awaited

Phase 2, proof of concept,
open-label (24 participants)
(PERSEUS study)

NCT02653625

-

Bile acids Maralixibat Apical bile
acids transporter inhibition
(ASBTi) in primary sclerosing
cholangitis

Although results are online, complete
information is still awaited

Phase 2, pilot, open-label

NCT02061540

Results available
at clinicaltrial.gov
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[72]

[73]

[34]

[74]

[75]

[76]

[77]

[78]
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[79]
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Immunomodulation
Simtuzumab in primary
sclerosing cholangitis
Monoclonal antibody against
lysyl oxidase-like 2 (LOXL2)

Results awaited

Phase 2b, dose-ranging,
randomized, double-blind,
placebo-controlled (235
participants)

NCT01672853

Bile acids Obethicolic acid in
primary biliary cholangitis

Treatment with OCA 5-10 mg reduced serum
ALP in patients with PSC. Mild to moderate
dose-related pruritus was the most common
adverse event

Phase 2, double-blind,
NCT02177136
placebo-controlled trial. DoseFinding (AESOP)

-

[80]

PSC: Primary sclerosing cholangitis.
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Abstract
Non-alcoholic fatty liver disease (NAFLD), the most common chronic liver
disorder in Western countries, comprises steatosis to nonalcoholic steatohepatitis
(NASH), with the latter having the potential to progress to cirrhosis. The
transition from isolated steatosis to NASH is still poorly understood, but
lipidomics approach revealed that the hepatic lipidome is extensively altered in
the setting of steatosis and steatohepatitis and these alterations correlate with
disease progression. Recent data suggest that both quantity and quality of the
accumulated lipids are involved in pathogenesis of NAFLD. Changes in
glycerophospholipid, sphingolipid, and fatty acid composition have been
described in both liver biopsies and plasma of patients with NAFLD, implicating
that specific lipid species are involved in oxidative stress, inflammation, and cell
death. In this article, we summarize the findings of main human lipidomics
studies in NAFLD and delineate the currently available information on the
pathogenetic role of each lipid class in lipotoxicity and disease progression.
Key words: Lipidomics; Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis;
Lipotoxicity; Fatty acids; Ceramides
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Lipidomics is a new rapidly growing field that allows the overall and detailed
investigation of the whole lipid composition in a given biology matrix. Lipid profiling of
liver biopsies of patients with non-alcoholic fatty liver disease (NAFLD) has previously
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revealed several changes in glycerophospholipids and sphingolipids concentrations and
alterations in fatty acid pattern compared to healthy control. However, findings from
lipidomics studies in plasma samples are inconsistent. We review the main findings of
lipidomics studies and the important pathophysiological role of specific lipid species in
lipotoxicity and development of NAFLD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the most common forms of chronic
liver diseases in the Western countries, affecting approximately 25% of the general
population[1]. NAFLD encompasses a wide spectrum of liver histological features,
ranging from mild hepatic steatosis (non-alcoholic fatty liver, NAFL) to nonalcoholic
steatohepatitis (NASH)[2]. The hallmark of NAFLD is the hepatic intracellular
accumulation of lipids and the subsequent formation of lipid droplets in
hepatocytes[3]. NASH, the more progressive form of the disease, is characterized by the
presence of hepatic steatosis accompanied by lobular inflammation, hepatocellular
damage, and fibrosis and associated with an increased risk of developing cirrhosis and
hepatocellular carcinoma[4]. In fact, NASH-related cirrhosis is believed to become the
leading cause of liver transplantation in the future[5].
NAFLD is commonly associated with insulin resistance and type 2 diabetes mellitus
and is considered an independent risk factor for cardiovascular disease[6]. Obesity,
physical inactivity, consumption of nutritionally imbalanced food, and unhealthy
dietary and other lifestyle habits are also associated with NAFLD, and lifestyle
modifications involving physical activity and diet have been shown to improve
hepatic steatosis and liver fibrosis[6-8]. Although there has been remarkable progress in
the elucidation of NAFLD pathogenesis, the pathophysiological pathways underlying
lipotoxicity and transition of simple steatosis to NASH are still incompletely
understood[9]. Recent lipidomic studies revealed marked changes in the fatty acid
pattern and phospholipid composition in liver samples of NAFLD patients, suggesting
that perturbations in lipid metabolism are a key factor in the pathogenesis and
progression of NAFLD[10,11]. Furthermore, liver biopsy remains the only reliable but
invasive method to diagnose NAFLD and differentiates NASH from simple steatosis.
Thus, the non-invasive diagnosis of NASH is still an unmet need. Alterations
occurring in plasma lipid molecules identified by lipidomic techniques which cannot
be determined in every day clinical practice, may have utility as non-invasive
biomarkers of disease progression[12].
The present review article focuses on the main findings of the alterations occurring
in lipidome in NAFLD patients and the interpretation of pathophysiological role of
several identified lipid classes in the development and progression of NAFLD.

PATHOGENESIS OF NAFLD AND ROLE OF LIPIDS
The pathogenesis of NAFLD is considered to be a multifactorial process and the
underlying mechanisms involved in the progression of the disease are complex.
Intrahepatic fat accumulation, the hallmark of the disease, is the result of increased
uptake of fatty acids, increased de novo lipogenesis, and impairment in export and
oxidation of fatty acids[3]. Obesity through expansion and dysfunction of adipose tissue
and insulin resistance through subsequent reduction of adipose tissue lipolysis lead to
increased efflux of free fatty acids[13]. Moreover, the hyperinsulinemia associated with
insulin resistance promotes de novo fatty acid synthesis in the liver by activating the
sterol regulatory element binding protein-1c (SREBP-1c), a transcriptional regulator of
lipogenic genes[14]. These free fatty acids as well as those from dietary sources either
undergo β-oxidation or are esterified with glycerol to form triglycerides. Then,
triglycerides are stored in hepatocytes and form lipid droplets or are packaged and
exported as very-low-density lipoprotein (VLDL)[3]. Thus, a dietary overload and
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insulin resistance promote the hepatic fat accumulation, as observed in NAFLD[15].
Intracellular deposition of lipids in NAFLD and the subsequent increased demand
for metabolism of excess fatty acids lead to production of reactive oxygen species
(ROS), elevation of oxidative or endoplasmic reticulum (ER) stress, and activation of
Jun N-terminal kinase, all of which result in mitochondrial dysfunction and cell
death[16]. Cell injury, in the setting of steatosis, is also largely attributed to activation of
inflammatory pathways. Adipose tissue dysfunction leads to secretion of proinflammatory cytokines and alters the production and secretion of adipokines, such as
leptin and adiponectin that are involved in the modulation of inflammation and
insulin resistance[15]. Hepatic inflammation in fatty liver is considered to be triggered
by a variety of compounds, such as damage-associated molecular patterns (DAMPs)
released from hepatocytes, gut-derived bacterial endotoxin, free fatty acids, and free
cholesterol[17]. Cytokine-induced liver inflammation, the subsequent activation of
Kupffer and hepatic stellate cells, and lipotoxicity induced by free fatty acids and other
lipotoxic bioactive lipids are involved in chronic liver injury and are thought to be
responsible for progression from NAFL to NASH and development of fibrosis[18].
Over the past decade, our knowledge regarding lipotoxicity has been greatly
expanded and recent progress in lipidomics analyses has given new insights into lipid
profiling and pathophysiological mechanisms involved in chronic inflammation and
cell injury. Investigation of liver and serum lipidome in patients with NAFLD has
disclosed that perturbations in lipid metabolism are a key factor for the development
of NAFLD and that several complex lipid species, including sphingolipids and
glycerophospholipids, are involved in lipotoxicity and the pathogenesis of NASH.

LIPIDOMICS STUDIES IN NAFLD
Lipidomics is defined as the detailed characterization of lipid molecular species and of
their structure and biological role in a given matrix including cell, tissue, and
biological fluid[19]. This relatively new research field is a subset of metabolomics and
represents a powerful approach to obtain a comprehensive overview of whole lipid
metabolism in a biological system or even in specific disease state[20]. Lipidomics
includes the identification and characterization as well as the quantification of
thousands of lipid molecular species in a biological matrix[21]. This rapidly growing
advanced field incorporates analytical techniques that are utilized for lipid separation
and detection, such as high-performance liquid chromatography (HPLC), electrospray
ionization mass spectroscopy (ESI MS), and nuclear magnetic spectroscopy (NMR)[19,22].
The first lipidomics studies in NAFLD patients, as seen in Table 1, were conducted
in liver biopsies and focused mainly on the analysis of fatty acid composition. Araya
et al[10] was the first to report an increased n-6:n-3 ratio in liver lipids of NAFLD
patients accompanied by a decrease of the long chain polyunsaturated fatty acid
(PUFA) of n-3 and n-6 series in liver TAG, such as arachidonic, eicosapentaenoic, and
docosahexanoic acid. A depletion of long chain n-3 and n-6 PUFA in NASH patients
has also been reported by a later study, regardless of the dietary FA intake, suggesting
that the biosynthetic pathways of these lipids are impaired[23]. Indeed, later studies on
enzymatic activities confirmed the decreased activity of Δ5 desaturase, a key enzyme
in essential n-3 and n-6 PUFA synthesis[24]. However, the first most comprehensive
lipidomic study in liver biopsies, which included quantification of major lipid classes,
was carried by Puri et al[11]. In this study, lipidomic analyses identified marked changes
not only in the fatty acid composition but also in the total phospholipid content[11].
Alterations of phospholipid content in liver biopsies of NASH patients have also been
reported by other studies, implicating that phospholipid synthesis is impaired in
NASH and is associated with disease progression[24].
The research later focused on the study of the alterations occurring in plasma and
serum samples of patients with NAFLD. In view of the fact that the liver is the key
organ of metabolism and that plasma lipids under fasting conditions reflect mainly the
lipids exported from the liver, changes in the circulating lipidome could be correlated
with those in the liver during NAFLD progression. Interestingly, the changes observed
in plasma fatty acid and phospholipid composition were discrepant from those
reported in liver samples[25,26]. Moreover, as seen in Table 2, the findings of lipidomic
studies conducted on plasma samples are inconsistent. According to Puri et al[26], no
significant differences were observed in the plasma phospholipid subclasses of
patients with NAFLD compared to healthy controls. However, recent studies report
statistically significant changes in plasma phosphatidylserine (PS),
phosphatidylethanolamine (PE), phosphatidyloinositol (PI), phosphatidylcholine (PC),
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Table 1 Summary of main liver lipidomics studies in non-alcoholic fatty liver disease
Main findings in NAFLD patients compared to
healthy controls

Main findings in NASH
patients compared to NAFL
patients

Ref.

Tissue

Puri et al[11], 2007

Liver

Increased: DAG, TAG, total SFA, total PUFA; stepwise
increase in the mean TAG/DAG ratio, FC/PC ratio and
hepatic FC from normal livers to NAFL to NASH.
Decreased: Total PC in both NAFL and NASH; AA in
FFA, TAG, and PC in NASH; EPA and DHA in TAG in
NASH.

Araya et al[10], 2004

Liver, adipose tissue (fatty acid
composition)

Increased: n-6:n-3 ratio, n-6 LCPUFA in liver
The n-6:n-3 ratio increased in
phospholipids, total MUFA.
NASH
Decreased: Long-chain PUFA of the n-6 and n-3 series in
liver TAG, AA/LA ratio, EPA + DHA)/ALA in liver
TAG, n-3 LCPUFA in phospholipids, total PUFA, n-3
PUFA, n-6 PUFA, AA, EPA, DHA.

Allard et al[23], 2008

Liver, red blood cells (fatty acid
composition)

Increased: MUFAs, palmitoleic acid (16:1 n9), and oleic
acid (18:1 n9) in NASH compared to control group.
Decreased: Total n-3 PUFA, long-chain n-3 (EPA +
DHA) and long-chain n - 6 (AA) PUFA in NASH
compared to control; RBC-FA composition similar
among the three groups.

Decreased: Total n- 6-PUFA in
NASH compared to NAFL

Chiappini et al[24], 2017

Liver

Increased: C14:0, C16:0, C16:1n-7, C18:1n-7, C18:1n-9,
and C18:2n-6 in NASH.
Decreased: Total SM, PI, PS, PE, PC in NASH.

Lipid signature of NASH (32
lipids).
Decreased: AA, EPA, and DHA;
total Cer.

The n-6:n-3 FFA ratio increased
in NASH

NAFLD: Non-alcoholic fatty liver disease; NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; DAG: Diacylglycerol; TAG:
Triacylglycerol; SFA: Saturated Fatty acids; PUFA: Polyunsaturated fatty acids; FC: Free cholesterol; PC: Phosphatidylcholine; FFA : Free fatty acids;
LCPUFA: Long chain polyunsaturated fatty acid; MUFA: Monounsaturated fatty acid; RBC-FA: Red blood cell-fatty acids; SM: Sphingomyelin; PI:
Phosphatidylinositol; PS: Phosphatidylserine; PE: Phosphatidylethanolamine; EPA: Eicosapentaenoic acid (C20:5n-3); DHA: Docosahexanoic acid (C22:6n3); AA: Arachidonic acid (C20:4n-6); LA: Linoleic acid (C18:2n-6); ALA: α-linolenic acid (C18:3n-3); Cer: Ceramides.

and sphingomyelin contents among healthy subjects and NAFL and NASH
patients[25,27].
Due to discrepancy between the findings in plasma lipidomic analyses and the need
to discover novel non-invasive biomarkers to distinguish NASH from NAFL, several
studies for lipidomics analysis were performed in both plasma and liver biopsy
samples[28,29]. A total of 48 common analytes with an overlap in both tissues were
identified in a comprehensive lipidomic study conducted both in liver and plasma
samples of patients with NAFLD. These analytes were mainly sphingolipid species,
such as dihydroceramides, 1-deoxydihydroceramides, and longer chain ceramides,
suggesting that perturbation of sphingolipid metabolism is involved in the
pathogenesis of NAFLD[28].
The alterations occurring in each lipid class as well as the possible mechanisms
underlying these changes in NAFLD will be discussed below.

GLYCEROPHOSPHOLIPIDS
Glycerophospholipids are major components of cellular membranes and a source of
physiologically active compounds. They serve as signaling molecules and as anchors
for proteins in cell membranes.
Phosphatidylcholine (PC) is one of the most abundant phospholipids in mammals
and a major component of cellular membrane lipids. PC levels were reported to be
decreased in the liver samples of patients with NAFLD[11,24]. However, there are
conflicting data concerning the changes occurring in serum PC[25-27].
From a metabolic point of view, in most mammalian cells, PC is produced de novo
from dietary choline via the cytidine 5’-diphosphate CDP-choline pathway[30]. In
hepatocytes, up to 30% of PC comes from the conversion of phosphatidylethanolamine
(PE) to PC, a reaction which is catalyzed by the enzyme phosphatidylethanolamine Nmethyltransferase (PEMT)[31]. The synthesis of PE occurs via a CDP-ethanolamine
pathway and via decarboxylation of phosphatidylserine (PS). Up to now, a few
number of lipidomic studies mentioned alterations in PE in NAFLD patients. Liver PE
content was found to be decreased among subjects with NASH, but in another study
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Table 2 Summary of main lipidomics studies in plasma and serum in non-alcoholic fatty liver disease
Main findings in NASH patients compared to
NAFL patients

Ref.

Tissue

Main findings in NAFLD patients compared to healthy control

Puri et al[26], 2009

Plasma

Increased: DAG, TAG, MUFA, dihomo-gamma-linolenic acid, palmitoleic acid, oleic acid, palmitoleic acid to
palmitic acid ratio in NAFLD; stepwise increase in lipoxygenase (LOX) metabolites 5-HETE, 8-HETE, and 15-HETE
from healthy controls to NAFL to NASH; 11-HETE in NASH compared with controls.
Decreased: LA; total plasmalogen levels in NASH compared with controls.

Zheng et al[81], 2012

Plasma phospholipids fatty acid
composition

Increased: Dihomo-gamma-linolenic acid (C20: 3n-6), total SFA in phospholipids.
Decreased: Eicosanoic acid (C20: 0), cis-11-octadecenoic acid (C18: 1n-7), DHA in PL.

Loomba et al[89], 2015

plasma eicosanoid lipidomic profile

Increased: 15-HETE, 5,6-diHETrE.
Decreased: 12,13-diHOME.

Increased: 11,12-diHETrE, dhk PGD2, and 20COOH AA.
Decreased:

Walle et al[80], 2016

Serum (fatty acid composition)

Increased: Palmitoleic acid in CE in individuals with NAFLD.
Decreased: LA and total n-6 fatty acids in TAG in individuals with NASH.

Increased: SFA in TAG were higher in subjects
with NASH, myristic acid in CE and TAG, Stearic
acid in TAG.
Decreased:

Tiwari-Heckler et al[27],
2018

Serum

Increased: PC and SM in NAFL and NASH.
Decreased: Lysophospatidylethanolamine in NAFL and NASH individuals.

Increased: PE in patients with NASH.

Ma et al[27], 2016

Plasma

Increased: PS and PI in NAFL and NASH, DHA and AA in PS in NAFL and NASH.

NAFLD: Non-alcoholic fatty liver disease; NAFL: nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; DAG: Diacylglycerol; TAG: Triacylglycerol; SFA: Saturated Fatty acids; MUFA: Monounsaturated fatty acids; PC:
Phosphatidylcholine; HETE: Hydroxyeicosatetraenoic acid; 5,6-diHETrE : 5,6 dihydroxy- eicosatrienoic acid; 12,13-diHOME: 12,13-dihydroxy-9- octadecenoic acid; CE: Cholesteryl ester; PE: Phosphatidylethanolamine; LA: Linoleic acid
(C18:2n-6); DHA: 11,12-diHETrE: 11,12-dihydroxy- eicosatrienoic acid; dhk PGD2: 13,14-dihydro-15-keto prostaglandin D2; 20-COOH AA: 20-carboxy arachidonic acid; SM: Sphingomyelin; PE: Phosphatidylethanolamine; PS:
Phosphatidylserine; PI: Phosphatidylinositol.

serum PE levels were increased in these patients[24,27].
The ratio of PC/PE in the liver reflects the activity of PEMT[32]. In a shotgun MSbased targeted lipidomic analysis, researchers observed a statistically significant
decrease of the hepatic PC/PE ratio in NAFLD patients[32]. Similarly, a low PC/PE
ratio was also reported in red blood cell membrane of NAFLD patients and is
considered as a biomarker of NAFLD. Additionally, a loss-of-function polymorphism
in the PEMT gene seems to be associated with susceptibility in NAFLD[33]. However,
when this parameter was calculated in plasma of NAFLD patients, no significant
differences were observed among the healthy controls and NAFL and NASH patients,
suggesting that compensatory mechanisms are activated in an attempt to maintain the
plasma PC/PE ratio[25].
The low hepatic PC levels and the altered hepatic PC/PE ratio seem to have major
implications in the development of NAFLD, but the pathophysiology of the lipidinduced processes is not fully understood. PC is the only phospholipid molecule that
is known to regulate the assembly and secretion of lipoproteins[34]. Low hepatic levels
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of PC, due to its synthesis impairment, have been found to impair the VLDL secretion
and reduce significantly the levels of circulating VLDL lipoproteins. A dysfunction of
VLDL secretion results in hepatic accumulation of TGs, as observed in many animal
model studies[35,36]. Moreover, low PC levels have been previously described to activate
sterol regulatory element-binding protein 1 (SREBP1)[37]. The activation of SREBP1, as
mentioned above, leads to upregulation of lipogenic gene expression, thus resulting in
increased de novo lipogenesis and formation of lipid droplets in hepatocytes.
From a structural point of view, disturbances in the proportion of PC and PE
possibly affect the structure of the phospholipid bilayer of cell membrane. PC has a
cylindrical shape and is distributed mainly in the outer monolayer of plasma
membrane. On the contrary, PE is described as conical, and is located mostly in the
inner monolayer[38]. A low PC/PE ratio possibly leads to rearrangement of PE in the
outer monolayer, resulting in a loss of membrane integrity and increased permeability
to pro-inflammatory molecules such as cytokines. Thus, the release of cellular
contents, such as calcium, accompanied by an increase in influx of cytokines, initiates
the inflammation in NAFLD[39].
As far as the rest of the glycerophospholipids is concerned, only a small number of
lipidomics studies have previously reported statistically significant changes of their
abundance in NAFLD[11,24,25]. Likewise, the findings from lipidomics studies conducted
on liver samples were inconsistent with those from plasma samples of NAFLD
patients.
Chiappini et al[24] found that the levels of PS and PI were decreased in liver biopsy
samples of patients with NASH compared with control individuals, whereas in a
recent lipidomic study, no statistically significant differences were found in hepatic PS
and PI among the control group, patients with NAFL, and those with NASH[24,29]. On
the contrary, plasma PS and PI were found to be increased in NAFL and NASH
compared with the control, while another study reported only an increase of serum PI
in NASH patients compared to patients with simple steatosis[25,40]. Tiwari-Heckler
et al[27], on the other hand, reported no significant changes in the amount of circulating
PI among controls, NAFL patients, and NASH patients, but it is worth noting that in
this study liver biopsy was not performed in all included subjects. These
glycerophospholipids are also components of cellular membrane and are associated
with cellular signaling and cellular apoptosis[41,42]. Given the important role of these
lipids, differences observed in their hepatic or plasma levels may be involved in the
development and progression of NAFLD.
Lysophosphatidylocholine (LPC) is a biologically active lipid and is considered an
important mediator of hepatic lipotoxicity[43]. In liver biopsies from patients with
NASH, LPC was found to be increased and this elevation seems to follow the disease
severity[11,44]. However, several plasma and serum lipidomic studies failed to detect any
statistically significant changes in the LPC content in patients with NAFL or
NASH[25-27]. Interestingly, a recent study in biopsy proven patients with NAFLD found
that plasma LPC species were decreased in patients with NASH[45]. Furthermore,
another study reported that LPC diminished in patients with NAFLD[46]. This finding
combined with an increase of TGs with low carbon number and double-bond content
and a decrease of ether phospholipids has been proposed as a useful biomarker
capable of estimating the percentage of liver fat in patients with NAFLD.
LPC is generated from PC by the action of secretory or lipoprotein-bound
phospholipase A2 (PLA2). Also, LPC in plasma originates by the activity of lecithincholesterol acyltransferase (LCAT) as well as the activity of endothelial lipase. Hepatic
secretion is also considered as a source of plasma LPC[47]. The increased hepatic LPC
content could be attributable to an increase in hepatic biosynthesis or to an increase of
total LPCs transported back to the liver by albumin or alpha 1-acid glycoprotein
(AGP)[48]. As concerns the LPC levels in plasma, an impairment either on LCAT
activity or PLA2 activity, as well as an increased turnover of LPC to PC or
lysophosphatidic acid and sphingosine-1-phosphate are probable causes of diminished
LPC levels in plasma. In fact, lipoprotein associated phospholipase A2 levels were
found to be decreased in patients with NAFLD, whereas LCAT activity was higher in
subjects with NAFLD, as inferred from a Fatty Liver Index > 60[49,50]. Moreover, a study
in mice reported lower levels of palmitoyl-, stearoyl-, and oleoyl-LPCs in NASH
compared to animals with NAFL, suggesting that the activity of lyso-PC
acyltransferase, that catalyzes the recycle of LPCs to PC, is elevated in NASH[51].
LPC as a bioactive molecule, seems to be involved in the pathogenesis of NAFLD
and the transition from simple steatosis to NASH. LPC affects the whole liver lipid
metabolism and has been found to downregulate genes involved in fatty acid
oxidation and upregulate genes involved in cholesterol biosynthesis[52]. Furthermore,
LPC has been demonstrated in vitro to trigger apoptosis of hepatocytes, probably
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through disruption of mitochondrial integrity, whereas inhibitors of phospholipase A2
were shown to decrease palmitate-induced lipotoxicity and cell apoptosis[52,53]. Lastly,
lipotoxicity induced by LPC could be mediated by release of proinflammatory and
pro-fibrogenic molecules from hepatocytes or the enhanced turnover of LPC to
profibrogenic lysophosphatidic acid[54].
Plasmalogens are a class of glycerophospholipids carrying a vinyl ether bond in sn-1
and an ester bond in sn-2 position of their glycerol backbone. The biosynthesis of
plasmalogens is a complex multistep process that takes place in peroxisomes and the
endoplasmic reticulum[55]. Circulating plasma plasmalogens levels have been
previously found to be decreased in patients with NASH and were negatively
associated with obesity[26,56]. Furthermore, a depletion of total ether phospholipids has
also been found in patients with NAFLD[46]. Lipidomic studies in liver biopsies of
patients with NAFLD, however, failed to detect any changes in plasmalogen levels,
probably due to their significantly lower liver concentrations compared to the rest of
glycerophospholipids[57]. The liver contains low amounts of plasmalogens, although
the enzymes involved in their synthesis are active in this tissue. This reduction might
be attributable to their synthesis in the liver, and subsequent transport by lipoproteins
to other tissues[57]. More interestingly, lipidomic analyses in NAFLD patients carrying
the GG-genotype of PNPLA3, who are at a higher risk for more advanced disease and
fibrosis, revealed lower levels of total plasma plasmalogens compared to subjects with
CC- and CG-allele[27].
Plasmalogens represent a key structural component of the cell membrane and may
be involved in ion transport and cholesterol efflux. They have been described as
signaling molecules and may also serve as precursors for eicosanoid biosynthesis[58].
Several studies have shown that plasmalogens, by virtue of their vinyl ether, function
as endogenous antioxidants[59]. The deficiency in plasmalogens, which has been
reported in plasma of NASH patients, could be attributed to oxidative stress-induced
peroxisome damage and subsequent impairment of plasmalogen biosynthesis[55]. In
fact, a recent study reported that endogenous hepatic plasmalogens, through a PPARadependent mechanism, prevent the development of hepatic steatosis and NASH in
mice[60].

SPHINGOLIPIDS
Sphingolipids are a special group of phospholipids which contain a sphingosine
backbone. Even though sphingolipids are very low in abundance compared with
glycerophospholipids, they are considered important structural components of cell
membrane[61,62]. They are involved in the arrangement of membrane lipid domains and
cell signaling of major biological processes, such as cell survival and immune
responses[62]. Lipidomic studies revealed changes in levels of sphingomyelin (SM),
ceramides, and diydroceramides in plasma and liver biopsies of patients with NAFL
and NASH, implicating that alterations in sphingolipid metabolism are associated
with the development and severity of NAFLD[24,28,45].
SM is the most abundant sphingolipid and its plasma levels have been previously
reported to correlate with body mass index (BMI)[56,61]. In NAFLD, the results from
lipid profiling of liver and plasma are inconsistent. SM was found to be decreased in
liver biopsies of patients with biopsy proven NASH[24], but Puri et al[11] reported a nonstatistically significant increase of this sphingolipid in patients with NASH. In other
lipidomic studies, in which the control group was also morbidly obese, no significant
differences were observed in the total sphingomyelin levels among the control, NAFL,
and NASH groups[25,29,40]. Tiwari-Heckler et al[27], however, reported an increase of total
serum SM in NAFL and NASH patients compared to healthy controls. Moreover,
individual sphingomyelin species, specifically SM (36:3), (d18:2/16:0), (d18:2/14:0),
(d18:1/18:0), (d18:1/16:0), (d18:1/12:0), and (d18:0/16:0), were found to be increased
in serum of patients with NAFLD compared to healthy subjects[63], whereas Zhou
et al[45] reported that circulating sphingomyelin cluster with representatives SM
(d18:1/24:1), SM (d18:1/16:0), SM (d18:1/22:0), SM (d18:1/24:0), SM (d18:1/18:0), SM
(d18:1/20:0), SM (d18:1/23:0), SM (d18:0/16:0), and SM (d18:0/20:4) was decreased in
NASH patients compared to non-NASH subjects. Although there is no consensus on
whether SM increases or decreases along with disease severity, studies in transgenic
mice lacking the sphingomyelin synthase gene, revealed a strong association between
liver SM levels and insulin resistance[64]. Further studies are needed to assess the
relationship between SM metabolism and progression of NAFLD.
Numerous studies suggest that ceramide is a major contributing factor to insulin
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resistance[65]. Ceramides and ceramide-derived sphingolipids are structural
constituents of cell membranes, which also possess cell-signaling properties. Even
though ceramide synthesis occurs in many organs, the liver is a key site for ceramide
synthesis and in fact data from several studies suggest that sphingolipids, such as SM
and ceramides, are found in higher quantity in the liver compared to other tissues[65,66].
Moreover, ceramide levels have been reported to be increased in the plasma of
patients with prediabetes and ceramides were also increased in plasma and liver
biopsies of patients with NAFLD[28,40,67].
Ceramide synthesis can occur through three different pathways: (1) A de novo
pathway that includes four sequential reactions with serine palmitoyl-CoA transferase
(SPT) representing the rate-limiting enzyme of this pathway; (2) Through hydrolysis of
SM catalyzed by sphingomyelinase (SMase); and (3) A salvage pathway[68]. De novo
synthesis has been described to be stimulated by a diet rich in saturated fat[69].
Furthermore, increased hepatic free fatty acid influx, inflammation induced by TNFα
and IL1, and oxidative stress can all increase the activity of SPT and activate de novo
synthesis of ceramides[68,70]. All these three conditions are involved in the
etiopathogenesis of NAFLD and represent important regulators of de novo ceramide
synthesis[3]. Aside from the activation of de novo synthesis, inflammation increases
ceramides by up-regulating the activity of sphingomyelinase[71]. Adiponectin, an
adipokine involved in NAFLD pathophysiology, affects also the ceramide production.
Adiponectin via receptors appears to upregulate the expression of ceramidase, the
enzyme that converts ceramides to sphingosine-1-phosphate (S1P). Patients with
NAFLD exhibit lower adiponectin levels than healthy subjects and this seems to
contribute to the already increased concentration of ceramides[72].
Ceramides, through their function as signaling molecules, have several
physiological effects that contribute to the pathogenesis of steatosis and
steatohepatitis. In particular, ceramides have been previously reported to decrease
insulin sensitivity in skeletal muscle and hepatocytes[65]. In fact, a previous animal
study reported that administration of inhibitors of ceramide biosynthesis resulted in a
significant improvement of insulin resistance[70]. While increase of inflammatory
cytokines leads to increased ceramide production, it is likely that ceramides through
feedback mechanisms lead to increased production of cytokines and induce further
processes of inflammation[65]. In addition, ceramides are involved in increased
oxidative stress, mitochondrial dysfunction, and cell apoptosis[65,73]. Finally, there is
evidence that ceramides may regulate the synthesis of HDL lipoproteins and thereby
affect the reverse cholesterol transport. In a study in Western diet rat models,
administration of myriosine - an inhibitor of ceramide biosynthesis – not only
improved insulin resistance and steatosis, but also increased ApoAI production rate
and consequently the production rate of HDL lipoprotein[74].

NEUTRAL LIPIDS
As far as neutral lipid classes are concerned, a limited number of studies have been
conducted to investigate whether quantitative changes in their content are observed in
patients with NAFLD. Triacylglycerols (TG), as expected, were found to be increased
in liver biopsies of patients with NAFLD, whereas no statistically significant
differences were observed in free fatty acid (FFA) hepatic content[11,29]. Diacylglycerols
(DG) were also increased in the liver and interestingly, the ratio of TG/DG was
increased in a stepwise manner from NAFL to NASH, suggesting that diacylglycerol
acyl transferase (DGAT) is possibly involved in the pathogenesis of NAFLD[11]. In fact,
inhibitors of DGAT-2 decreased hepatic steatosis, ballooning, and fibrosis in mice[75].
Moreover, recently this study was extended in phase 1 clinical trial in humans and
steatosis and clinical markers of liver function were improved[76].
Several studies have demonstrated that cholesterol homeostasis is disturbed in
NAFLD[77,78]. Hepatic free cholesterol accumulation has been correlated with disease
progression from simple steatosis to NASH without an increase in cholesterol
esters[11], whereas the findings about esterified cholesterol are contradictory[11,29]. Free
cholesterol is considered a cytotoxic lipid that is involved in hepatotoxicity by
disrupting membrane integrity and inducing oxidative stress, mitochondrial
dysfunction, and apoptosis[79]. Thus, the observed increase of free cholesterol might
contribute to liver injury and disease progression.
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FATTY ACIDS
Numerous studies have demonstrated that the fatty acid composition of lipids is
altered in patients with simple steatosis and NASH. Total saturated fatty acids were
found to be increased in liver biopsies of patients with NAFLD[11]. Especially, an
increase in individual saturated fatty acids such as myristic acid and palmitic acid was
found in liver samples of patients with NASH[24]. Walle et al[80] conducted a
comprehensive study in serum fatty acid composition and reported an increase in total
saturated fatty acids in triacyglycerols in NASH patients compared to patients with
simple steatosis. Furthermore, serum levels of myristic acid in cholesterol esters and
triacyglycerols and those of stearic acid in triacylgylerols were found to be increased in
patients with NASH[80]. Total saturated fatty acids were reported also to be increased in
plasma phospholipids in patients with NAFLD[81]. The increased de novo lipogenesis
occurring in NAFLD as well a diet enriched in those types of fatty acids might be the
main cause for the increase of saturated fatty acids in the liver and serum of patients
with NAFLD[82]. In addition, saturated fatty acids exhibit pro-apoptotic properties and
also, are involved in the pathogenesis of steatosis. The increase of saturated fatty acids
in hepatocytes results in endoplasmatic reticulum stress, increased caspase activation,
and hepatocellular apoptosis[83].
Total monounsaturated fatty acids were also found to be increased in the liver and
plasma of NAFLD patients[10,23,26,29]. In some cases, this increase was driven by
palmitoleic acid and oleic acid[23,26]. These individual fatty acids are generated by the
enzyme stearoyl-Coa desaturase (SCD1) from saturated fatty acids. The increase of
monounsaturated fatty acids could be attributable to increased de novo lipogenesis
activity and increased activity of SCD1[84]. In fact, Chiappini et al[24] demonstrated that
the gene expression of SCD1 was significantly increased in NASH patients in
accordance with the increase of oleic and palmitoleic acid. Monounsaturated fatty
acids are considered to contribute to the development of steatosis, but are more
efficient in incorporating into hepatocyte triglycerides, thus they are less lipotoxic than
saturated fatty acids. A potential protective role of monounsaturated fatty acids
against lipotoxicity has also been suggested through the promotion of triglycerides
accumulation in hepatocytes[85].
The most common finding in lipidomic studies is the decrease of long chain PUFA.
Specifically, a decrease in eicosapentaenoic acid, docosahexanoic acid, and arachidonic
acid was reported in several lipidomic studies performed in the liver and plasma of
patients with NAFLD[10,11,23,25]. The depletion of these n-3 and n-6 PUFA may be
attributed to either a dietary deficiency or impaired biosynthesis. The generation of
these PUFA is a multistep process in which several elongase and desaturases enzyme
are involved. In NASH patients, the activities of fatty acid desaturase 1 (FADS1) and
fatty acid elongase 6 (ELOVL6) were decreased[24]. Furthermore, the decreased activity
of FADS1 is considered a key pathogenetic factor in the progression of simple steatosis
to NASH. Another interesting finding is the increased n-6/n-3 ratio observed in liver
biopsies of patients with NASH[10,11]. PUFA, especially n-3, are involved several
biological processes and exhibit a protective role against lipotoxicity and insulin
resistance[86]. Restoration of hepatic n-3 content improved steatosis and insulin
resistance and decreased lipid peroxidation and necroinflammation in a mouse model
of steatohepatitis[86]. Moreover, PUFA interact with transcription factors and modulate
the expression of genes involved in lipid metabolism and fibrogenesis[87,88].
PUFA serve also as precursors for the synthesis of proinflammatory eicosanoids and
specialized pro-resolving mediators (SPMs). The biosynthesis of these lipid species
involves several enzymes such as cyclooxygenases and lipoxygenases. Puri et al[26]
reported a stepwise increase of lipoxygenase metabolites of arachidonic acid in plasma
from control to NAFL and NASH, whereas no significant differences were observed in
the plasma cyclooxygenase products of arachidonic acid among the study groups.
Specifically, the lipoxygenase metabolites 5-HETE, 8-HETE, 11-HETE, and 15-HETE
were found to be increased in plasma of patients with NASH[26]. Later, Loomba et al[89]
investigated the plasma lipidomic profile of eicosanoid in patients with NAFLD and
reported a significant increase of arachidonic acid-derived metabolites 11,12-diHETrE,
dhk PGD2, and 20-COOH AA in plasma of patients with NASH compared to subjects
with NAFL.

LIMITATIONS OF PLASMA LIPIDOMICS STUDIES IN NAFLD
The findings of lipidomics studies conducted in plasma or serum of patients with
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NAFLD, as mentioned before, are inconsistent. Lack of consistency is observed also
between findings from plasma and liver studies. Interestingly, the discrepancies
between liver and plasma findings regard mainly glycerophospholipid composition
rather than fatty acid composition. In general, liver lipidomics studies revealed a
decrease in glycerophospholipid species, such as PC, PE, PS, and PI, in NAFL patients
and in some cases this alteration was profound only in the setting of NASH. On the
contrary, most plasma lipidomic studies failed to detect depletion of these lipids and
in some cases plasma glycerophospholipids were found to be increased in patients
with NAFLD compared to the control group. Plasma glycerophospholipids are carried
and distributed in lipoprotein classes. Plasma PC and PE are mainly distributed in
HDL lipoprotein and 50% of hepatic PC is derived from circulation probably though
hepatic uptake of HDL-PC[90,91]. Hence, low hepatic glycerophospholipid content, in an
attempt to maintain adequate levels of these lipids, could lead to activation of
unknown compensatory processes resulting in increased delivery of HDL-associated
phospholipids and subsequent increase in plasma levels.
Moreover, findings regarding SM content in the liver and plasma are also
inconsistent. Approximately 50% of plasma SM is found in LDL and 40% in HDL, and
it is worth noticing that plasma SM levels correlate with BMI[56,90]. Differences in
lipidomics study design including the selection of obese study population as a control
group could explain the discordant findings. Furthermore, alteration in SM content in
lipoprotein particles due to dietary factors, obesity, and unknown compensatory
mechanism could be responsible for the differences observed in liver and plasma
studies regarding sphingolipid species.
Further lipidomic studies focused on phospholipid content of lipoproteins in
NAFLD patients should address this issue and delineate the changes observed in the
setting of NAFLD.

NONINVASIVE DIAGNOSIS OF NASH THROUGH LIPIDOMICS
At present, the diagnosis of NAFLD and the distinction of NASH from simple steatosis
require liver biopsy and histological assessment. Nevertheless, liver biopsy is an
invasive, costly, and time-consuming procedure. Hence, there is a growing interest in
developing noninvasive methods for differential diagnosis of NASH and evaluation of
treatment outcomes. Lipidomic studies carried out in liver biopsies of patients with
NAFL and NASH patients reported alterations of hepatic lipid profile and several
studies investigated if these changes were also observed in plasma or serum. Plasma
lipidomic studies reported changes in the concentration of several lipids between
patients with NASH and NAFL, but as highlighted above the results are inconsistent.
As seen in Table 2, saturated fatty acids in TGs, such as myristic acid and stearic acid,
were found to be increased in patients with NASH compared to subjects with
NAFL[80]. Moreover, plasma eicosanoid lipidomics analyses revealed a significant
increase of arachidonic acid-derived metabolites (11,12-diHETrE, dhk PGD2, and 20COOH AA) in patients with NASH compared to subjects with NAFL and researchers
suggested that these eicosanoids may have a utility as biomarkers for the noninvasive
diagnosis of NASH[89]. Lipoxygenase metabolites 5-HETE, 8-HETE, 11-HETE, and 15HETE were also found to be increased in plasma of patients with NASH and these
metabolites seem promising predictive biomarkers of NASH[26].
Gorden et al[28] investigated the alterations of liver and plasma lipidomic profiles in
patients with NAFLD categorized in three subgroups of disease progression. The
study population included healthy subjects, patients with simple steatosis, patients
with NASH, and subjects with cirrhosis. Lipidomic analyses in combination with
aqueous metabolites analyses led to identification of 48 common analytes, which
presented variation across disease stage and an overlap in both tissues. These analytes
were sphingolipid species, such as dihydroceramides, 1-deoxydihydroceramides, and
longer chain ceramides, implicating that sphingolipid metabolism is impaired and
additionally involved in disease progression and transition of simple steatosis to
NASH. Furthermore, Gorden et al[28] identified a panel of 20 plasma lipids that can be
used to distinguish NASH from simple steatosis. This panel included
dihydrosphingolipids, ether phospatidylicholines, and other individual species.
However, the number of patients that participated in this study is relatively small and
validation of these findings in larger cohort of patients is needed[28]. Later, Zhou and
his team developed an MS-based model and diagnostic score for NASH with an area
under the receiver operating characteristic of 0.86. The NASH ClinLipMet score
included AST, fasting glucose, glutamate, isoleucine, glycine, lysophospatidylcholine
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16:0, and phospoethanolamine 40:6 along with PNPLA3 genotype. This score needs
also external validation[45].

CONCLUSION
Recent advances in lipidomics technology have made it possible to profile lipidome of
liver tissues and plasma in NAFLD and compare the findings among the different
stages of disease. Lipidomic profiling accompanied by experimental studies using
pharmacological reagents to alter synthesis or metabolism of certain lipids, has given
additional insights into mechanisms governing lipotoxicity and disease progression. In
this review, the most interesting findings of lipodomics analyses are summarized and
the interpretation of these findings in the pathogenesis of NAFLD is discussed. The
inconsistencies observed between the findings of plasma and liver lipidomics studies
in NAFLD have also been underlined and future studies will need to address this
issue. Moreover, even if a small number of studies identified specific lipids or a panel
of lipids as biomarkers of disease progression, these findings need further external
validation from a large cohort of patients.
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Abstract
Sepsis and septic shock are catastrophic disease entities that portend high
mortality in patients with cirrhosis. In cirrhosis, hemodynamic perturbations,
immune dysregulation, and persistent systemic inflammation with altered gut
microbiota in the background of portal hypertension enhance the risk of infections
and resistance to antimicrobials. Patients with cirrhosis develop recurrent lifethreatening infections that progress to multiple organ failure. The definition,
pathophysiology, and treatment options for sepsis have been ever evolving. In
this exhaustive review, we discuss novel advances in the understanding of sepsis,
describe current and future biomarkers and scoring systems for sepsis, and
delineate newer modalities and adjuvant therapies for the treatment of sepsis
from existing literature to extrapolate the same concerning the management of
sepsis in cirrhosis. We also provide insights into the role of gut microbiota in
initiation and progression of sepsis and finally, propose a treatment algorithm for
management of sepsis in patients with cirrhosis.
Key words: Portal hypertension; Sequential organ failure assessment; Acute on chronic
liver failure; Predisposition insult response organ-dysfunction model; Intensive care unit;
Shock
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Core tip: Advances in understanding sepsis have led to an uncomplicated and robust
definition with prognostic importance. What has emerged is a redefinition of the clinical
protocols for early and aggressive management of sepsis at hour 1 of patient presentation
and identification of a novel combination of biomarkers. In addition, antimicrobial
resistance has been addressed and adjuvant therapies have been identified through deep
data mining, metagenomics, and machine learning-based tools for improving clinical
outcomes. These advances have the potential to be extrapolated and studied in patients
with cirrhosis and sepsis to improve notable catastrophic clinical outcomes seen in this
unique and challenging patient population.
Citation: Philips CA, Ahamed R, Rajesh S, George T, Mohanan M, Augustine P. Update on
diagnosis and management of sepsis in cirrhosis: Current advances. World J Hepatol 2020;
12(8): 451-474
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/451.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.451

INTRODUCTION
Critical illness in the presence or absence of overwhelming infection leading to
multiple organ failure in patients with cirrhosis is a rapid, complex, and catastrophic
process that, in the majority, does not respond to conventional treatment practices laid
down for the general population. In advanced cirrhosis, hyperdynamic circulation
with high cardiac output, subclinical cardiomyopathy, central hypovolemia, third
space fluid accumulation, and low systemic vascular resistance prevail. In
decompensated patients with cirrhosis, a small proportion develops the syndrome
acute on chronic liver failure (ACLF) with sepsis, which is characterized by
extrahepatic organ failures requiring intensive care management with rapid
progression to multiple organ failure. Such events increase in-hospital mortality and
result in treatment futility even with the best supportive care.
Sepsis is defined as a “life-threatening organ dysfunction caused by a dysregulated
host response to infection,” that can cause critical illness in patients with cirrhosis with
different clinical consequences. In a compensated cirrhosis, the development of sepsis
can cause acute decompensation that can progress to ACLF. Sepsis can develop as an
intercurrent event in decompensated cirrhosis, leading to worsening of existing or
new-onset decompensation, both of which can lead to ACLF. Sepsis can also develop
during acute decompensation or ACLF, all of which can lead to organ failures. Sepsis
is established in the presence of suspected or documented infection and an acute
increase of ≥ two sequential organ failure assessment (SOFA) (a proxy for organ
dysfunction) points[1-3].
In cirrhosis, an associated immune dysfunction exists with worsening severity,
depending on the stages and severity of decompensation. This cirrhosis-associated
immune dysfunction (CAID) is dynamic and affects both the innate and acquired
immune functions, because of changes and deficiencies in both the local milieu of the
liver microenvironment and systemic immunity. CAID depends on the increased and
persistent systemic inflammation, liver disease severity, and portal hypertension and
is central to both acute and chronic decompensation. Besides, increased gut
permeability, reduction in gut motility, and altered gut microbiota promote increased
bacterial translocation and subsequent endotoxemia, leading to worsening systemic
inflammation in cirrhosis. Sepsis by itself is a state of profound immune dysregulation
in which, during the early phase, a pro-inflammatory state, counterbalanced by an anti
- inflammatory response, affects immune functions (compensatory anti - inflammatory
response syndrome). In patients with dysregulated immune functions, such as those
with cirrhosis, this initial phase goes unchecked, progressing to sepsis - induced
immunosuppression and a stage of immune-paralysis with subsequent organ failure
development. In the following sections of this review, we aim to discuss current and
future aspects in the diagnosis and treatment of sepsis and extrapolate recent advances
in the management of sepsis concerning critically ill patients with cirrhosis with
sepsis[4,5].
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DEFINING SEPSIS, SEPTIC SHOCK, AND RELATED COMPONENTS IN
CIRRHOSIS
Early on, the pathogenesis of sepsis and its systemic consequences were considered a
hyper-inflammatory response to microbial invasion (infection) accompanied by an
evolving cytokine storm. Because of this, sepsis was defined as ”a systemic
inflammatory response syndrome (SIRS) to infection” (Sepsis-1 definition). A decade
later, expert consensus concluded that such a general definition did not allow for
staging of sepsis-related events, and hence prediction of the host response to infection
remained vague for clinical and research purposes. The SIRS criteria, even though
useful for easy identification of sepsis, remained non-specific and too sensitive. This
paved the way for the Sepsis-2 definition that included the PIRO [P: Predisposition; I:
The type and extent of insult (infection in sepsis); R: The type and extent of host
response; and O: The type and extent of organ dysfunction] model[6,7]. With PIRO,
morbidity (primary organ dysfunction) because of the infection itself and morbidity
developing during host response (secondary organ dysfunction) were identifiable. For
example, in a patient with cirrhosis with the development of bacterial pneumonia,
type 1 respiratory failure occurring early during illness can be considered primary
organ dysfunction (because of the infection). In the same patient, the development of
ascites and acute kidney injury during the later course of the disease can be secondary
organ dysfunction (hepatorenal syndrome) because of predisposition (cirrhosis), insult
(pneumonia), and host response (decompensation of cirrhosis). In such a situation,
stratifying patients at risk of death depending on early and late events along with
components of the PIRO model can help in improving prognostication and define
specific timeframes for therapeutic interventions.
Acceptance and attempt at including the PIRO model in patients with cirrhosis are
lacking in the literature. Jalan and colleagues studied the prognostic value of the PIRO
model on outcomes in patients with ACLF. The authors found that in patients with
organ failures, previous hospitalization (predisposition), persistence and severity of
inflammation (response), and severity of organ failure (organ dysfunction) were
associated with higher mortality[8,9]. Maiwall et al[10] in a prospective study of ACLF
patients showed that serum creatinine, bilirubin, potassium, and blood urea at
baseline (predisposition); nephrotoxic medications (insult); SIRS (response), and
circulatory failure (organ dysfunction) identified those at risk of developing acute
kidney injury during the disease course and death. The PIRO model could help
identify patients with cirrhosis at risk of sepsis, those at risk of developing specific
organ failure, and those at risk of recurrent sepsis. This could help define specific
therapeutic ”windows” to improve further deterioration and reduce organ failures in
patients with cirrhosis.
An expert consensus meeting re-defined sepsis (Sepsis – 3), with the omission of the
terms SIRS and severe sepsis. According to the new consensus, in the absence of organ
dysfunction, the event is termed an ”infection”. Septic shock was defined as
hypotension unresponsive to fluid boluses and with lactate > 2 mmol/L. For defining
and grading organ failures, the SOFA score was identified as the best tool. Acute organ
dysfunction is identified when the SOFA score increased by two points from baseline
(considered 0 before admission), and parallel identification of an infective focus
defined sepsis. A new screening tool for early recognition of sepsis called the ”quick”SOFA (qSOFA) was provided, intended for primary use in the non-intensive unit care.
According to qSOFA, patients meeting two of three criteria (altered mental status,
respiratory rate > 22 per min, systolic blood pressure < 100 mmHg) were suspected of
having new-onset or worsening sepsis. The SOFA score was developed from the
general intensive care unit population rather than from patients with cirrhosis, and
hence, some of the core components (such as Glasgow coma scale and platelet count)
could be influenced by the severity of the underlying liver disease[11,12].
To improve on the prediction of SOFA score in patients with cirrhosis developing
acute decompensation, the European Association for Study of Liver-Chronic Liver
Failure Consortium (EASL - CLIF Consortium) changed the SOFA score into CLIF SOFA score and defined ACLF according to the new score. In the CLIF - SOFA score,
six organ systems with specific changes applied regarding patients with end - stage
liver disease were designated. Platelet count was replaced by the international
normalized ratio of prothrombin time and the Glasgow coma scale with hepatic
encephalopathy as the central nervous system criterion. It also modified the use of
terlipressin as part of the cardiovascular component and renal replacement therapy
within the renal parameter[13-15]. The CLIF - SOFA score also added peripheral capillary
oxygen saturation/fraction of inspired oxygen in the air as an alternative to respiration
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parameter for patients without arterial line placed (Table 1).
Small studies have shown that the Acute Physiology And Chronic Health
Evaluation II (APACHE II) and subsequent modifications were superior to other
scoring and definition systems of sepsis in cirrhosis. However, no study has shown its
superiority to CLIF-SOFA. Hence, further studies pending, application of either of
these scoring systems, as per operator ease is acceptable in critically ill patients with
cirrhosis. To summarize, in a patient with cirrhosis, sepsis is identified when there is
the fulfilment of at least two SOFA score points at presentation, in the presence of an
infection, the latter proved either radiologically or microbiologically with or without
blood biomarker correlation (Figure 1).

THE LACTATE QUANDARY IN CIRRHOSIS
Serum lactate levels play a major role in defining patients with septic shock. It was
shown that lactate levels were elevated in patients with cirrhosis, compared to healthy
controls, related to portal pressures, and increased with severity of the liver disease.
This meant that lactate kinetics in the cirrhosis population differed greatly from other
patient populations[16]. A study tested lactate levels in patients with acute circulatory
failure with hepatic dysfunction. No differences in pertinent variables, such as lowest
systolic blood pressure, serum creatinine, and simplified APACHE scores, were noted.
However, the lactate levels were higher in the group with liver disease (8.24 mmol/L
vs 4.29 mmol/L, P < 0.001), with a positive correlation between lactate and aspartate
aminotransferase levels. The authors concluded that there was no apparent correlation
between liver dysfunction and the severity of shock as a confounder[17]. Kruse et al[18]
tested the significance of blood lactate in critically ill patients with liver disease. They
found that arterial lactate > 2.2 mmol/L was associated with clinical evidence of shock
and significant in-hospital mortality.
In a systematic review of blood lactate as a predictor for in-hospital mortality in
acutely ill patients, venous or arterial lactate > 2.5 mmol/L at admission was
associated with the progression of clinical deterioration[18-20]. Sun et al[21] showed that
the serum lactate levels were predictive of extrahepatic organ failure (acute kidney
injury) in critically ill patients with cirrhosis. The mortality rate increased with a rise in
serum lactate. In a multinational study, Drolz et al[22] showed that lactate levels
reflected the severity of disease and organ failure and was independently associated
with a high risk of death in the brief term in critically ill cirrhosis patients.
The addition of lactate into the CLIF-C score for ACLF patients improved its
prognostic power. A serum lactate ≥ 5 mmol/L had high predictive power for short
term mortality, and lactate clearance predicted 28-d mortality. Admission and 12-h
lactate clearance in those with admission lactate ≥ 5 mmol/L predicted 1-y mortality.
In summary, including lactate above 2 mmol/L can be extrapolated to define patients
of cirrhosis with septic shock. The admission and serial lactate measurements and
lactate clearance are useful in identifying those with poor prognosis even though the
complex lactate dynamics remain undefined in patients with advanced cirrhosis. Thus,
septic shock in cirrhosis can be identified in the presence of sepsis, the onset of
hypotension requiring vasopressor support [mean arterial pressure (MAP) < 65
mmHg], and lactate > 2 mmol/L despite adequate fluid resuscitation.

TOLERANCE TO SEPSIS – A BROKEN DEAL IN CIRRHOSIS
There are three essential strategies for dealing with disease because of pathogens avoidance, resistance, and tolerance. Of these, the first two are notable among animals
(who are mobile), while the third strategy is clear in plants (since they are stationary).
Tolerance results in the ability to maintain health in the presence of a pathogen(s). An
example of tolerance to infection or pathogen is the case of Ms. Mary Mallon (”typhoid
Mary”), causing severe Salmonellosis in persons consuming dishes she prepared and
tolerance to malaria among persons with sickle-cell anaemia. In sepsis, at the core,
there occurs complete dysregulation of local and systemic inflammatory and
associated metabolic processes that lead to organ failure. Yet another major event in
sepsis is the destruction of red blood cells through direct or indirect pathogen-based
hemolysin effect. Hence, in sepsis, heme production is overwhelming, and the removal
of free heme results in the formation of divalent iron (Fe2+). Excess production of Fe2+
leads to the overproduction of reactive free radicals through the Fenton reaction,
resulting in the release of trivalent iron (Fe3+), which is a hydroxyl radical that
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Table 1 Modification of sequential organ failure assessment score for patients with cirrhosis, the chronic liver failure-sequential organ
failure assessment scoring system[13,15]
Score

1

2

3

4

Respiration PaO2/FiO2 or SpO2
/FiO2, mmHg

> 300 to ≤ 400 or > 357
to ≤ 512

> 200 to ≤ 300 or > 214 to ≤ 357

> 100 to ≤ 200 or 89 to ≤ 214

< 100 or ≤ 89

Liver bilirubin, mg/dL

1.2-1.9

2.0-5.9

6.0-11.9

> 12

Cardiovascular hypotension

Mean arterial pressure
< 70 mmHg

Dopamine ≤ 5 or any
dobutamine or terlipressin

Dopamine > 5 or
noradrenaline ≤ 0.1

Dopamine > 15 or
noradrenaline > 0.1

Cerebral HE grades

I

II

III

IV

Renal creatinine (mg/dL) or
urine output

1.2-1.9

2.0-3.4

3.5-4.9 or use of renal
replacement therapy

≥ 5.0

Coagulation - INR

≥ 1.1 to < 1.25

≥ 1.25 to < 1.5

≥ 1.5 to < 2.5

≥ 2.5 or platelet count ≤
20000/µL

FiO2: Fraction of inspired oxygen; HE: Hepatic encephalopathy; INR: International normalized ratio; PaO2: Arterial oxygen pressure.

promotes various secondary metabolic reactions. To prevent toxic secondary reactions,
oxidized iron is removed by ferritin. Ferritin thus confers tolerance towards
infections[23].
In the seminal work by Weis et al[24] on sepsis tolerance, mice with pre-deleted
ferritin subunit (FTH) and those expressing FTH, underwent cecal ligation and
puncture (an animal model of sepsis). The authors found that the survival of the mice
depended on FTH expression on hepatocytes and macrophages. Those with FTH
deficiency had inferior survival with the development of sepsis. In both FTH deficient
and sufficient groups, the microbial burden and cytokine production were similar but
without overt sepsis in the latter, showing tolerance to sepsis development in the
presence of ferritin expression. In FTH deficient mice, the bodyweight loss was
extensive, with lower body temperatures, and correlated with hypoglycaemia. Thus,
the link between FTH expression and maintenance of blood glucose levels was notable
in this study. When heme was infused into FTH deficient mice with sepsis, death was
inevitable; with the infusion of glucose, health status, and survival improved. At the
gene expression level, the activity of glucose-6-phosphatase catalytic subunit-1 (G6PC1) was reduced, leading to curtailment of gluconeogenesis. The authors found that in
the absence of ferritin expression, free heme downregulated G6PC-1 expression and
reduced hepatic gluconeogenesis and glycogenolysis, leading to an increase in
mortality. Use of iron-chelators, antioxidants, and iron-free ferritin restored G6PC-1
activity and induced gluconeogenesis, leading to an improvement in survival[23,24]. In
an animal model of listeriosis, Medzhitov et al[25] showed that correction of
hypoglycaemia using glucose infusions worsened survival because of the promotion
of neurotoxicity by exacerbation of reactive oxidative species. In virus-infected mice,
glucose infusions improved sepsis and survival and reduced neuronal endoplasmic
reticulum stress responses. These two studies showcase an important aspect of sepsis –
adaptive tolerance to sepsis in the host that was dependent on the pathogen type[25,26].
In patients with decompensated cirrhosis, Changani et al[27] showed impairment in
gluconeogenesis in advanced liver disease but not in stable patients with cirrhosis. In
the early stages of cirrhosis, hepatic gluconeogenesis and fatty acid oxidation are
increased in the presence of reduced hepatic glycogen content, resulting in lactate and
alanine production through muscle breakdown and protein degradation. With the
progression of cirrhosis, liver failure sets in, leading to a reduction in gluconeogenesis,
depletion of glycogen stores, amelioration in glycogenesis, and loss of muscle mass
(sarcopenia) leading to a diminution in pro-glucogenic substrates[28]. Heme-oxygenase
has anti-inflammatory and anti-apoptotic properties, and induction of hemeoxygenase-1 in animal models of acute or chronic liver injury showed a reduction in
hepatic inflammation and fibrosis progression and partial resolution of existing
fibrosis. In animal models of cirrhosis and humans with decompensated cirrhosis, the
expression of heme-oxygenase increased with increasing severity of liver disease and
portal hypertension[29,30]. Patients with cirrhosis have excessive erythrocyte destruction
because of splenomegaly, reduced red blood cell survival, reduced red cell mass,
suppression of bone marrow function, blood loss because of acute and chronic
gastrointestinal bleeding events associated with portal hypertension and blunted
response to erythropoietin[31,32].
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Figure 1 Definitions, diagnosis, and summary of prognostic scoring systems of sepsis[2,4,6,58,63-65]. Sepsis is defined as presence of suspected or
confirmed infection in the presence of an organ failure as defined by the sequential organ failure assessment tool. After diagnosis of sepsis, a prognostic tool is
utilized to identify patients at risk of worsening or death. APACHE: Acute physiology and chronic health evaluation; CLIF: Chronic liver failure; HeRO: Heart rate
index; MBRS: Mean arterial pressure, bilirubin, respiratory failure, sepsis; MEWS: Modified early warning score; PIRO: Predisposition, insult, response, organ failure;
qSOFA: Quick sequential organ failure assessment; SIRS: Systemic inflammatory response syndrome; SOFA: Sequential organ failure assessment; TREW: Targeted
real-time early warning score.

Ferritin, a marker of stored iron, can be elevated in decompensated cirrhosis
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patients with inflammation and in those patients whose cirrhosis aetiology is
secondary to alcohol use or chronic hepatitis C infection. It has been shown that even
in the presence of high ferritin levels in patients with decompensated cirrhosis, the
transferrin levels were low, and transferrin saturation elevated. Lower transferrin
levels that represent malnutrition, the severity of cirrhosis, and inflammation are
associated with poor transplant-free survival in patients with decompensated
cirrhosis[33,34]. To summarize, in cirrhosis, there occurs increased red cell destruction,
reduction in hepatic gluconeogenesis, lower levels of transferrin, and high
dysfunctional levels of ferritin, which leads to a state of perturbed tolerance to
infections and a higher risk of sepsis, loss of muscle mass, lower body temperature,
and dysfunctional control over inflammation. Measures to improve tolerance to sepsis
in patients with advanced cirrhosis could become an important component in the
armamentarium of therapeutic options against cirrhosis with sepsis and improving
survival outcomes (Figure 2).

FASTING METABOLISM AND DEFENSE AGAINST INFECTIONS – IS
THERE A ROLE IN EARLY CIRRHOSIS?
A proverb goes, ”feed a cold, starve a fever”. In the presence of infection, animals
develop specific behavioural changes that include anorexia, sleep pattern variations,
and withdrawal from social activities – asymptomatic complex referred to as ”sickness
behaviours”. These patterns were considered flawed consequences of the host
response to infection. Newer evidence suggests that sickness behaviours are strategic
evolution in the host to ward off the harmful effects of infection and improve survival.
Of these, the most important is anorexia. Anorexia modulates host metabolic
requirements of stress responses pertinent for tolerance to bacterial inflammatory
states.
In the seminal work by Wang et al[26], it was demonstrated in a small animal model
that fasting metabolism was protective in bacterial but not virus-induced
inflammation. The ketosis that develops during fasting limited the reactive oxygen
species induced neuronal damage during bacterial infection-related inflammation
while non-fasting or glucose infusion prevented neuronal damage in viral
inflammation, showcasing the importance of host responses to aetiology of infection
during fasting[26,35,36]. Force-feeding mice with lipopolysaccharide induced endotoxemia
increased mortality. Intermittent fasting was shown to increase acute immune and
behavioural sickness responses leading to worse outcomes in mouse models of viral
infections and inflammation.
Metabolic processes in the liver microenvironment are firmly regulated by neuronal
and hormonal systems such as the sympathetic and parasympathetic systems and
insulin-glucagon related systems[37,38]. Patients with cirrhosis are a unique population
regarding nutritional and metabolic disorders. In advanced cirrhosis, the liver cannot
synthesize and store required amounts of glycogen, which creates a ”glucose
deficient” state in times of stress. In this scenario, the utilization of non-carbohydrate
sources for gluconeogenesis, such as glycerols from fatty tissue and amino acids from
muscles, becomes remarkable. Dietary improvements rather than restriction are well
known to improve outcomes in this stage, even though dietary or nutritional
interventions in special situations such as in an obese patient with cirrhosis remain
controversial. An overnight fast in a patient with cirrhosis patient is akin to 3-d fasting
in an average person[39]. Owen et al[40] showed that after an overnight fast, hepatic
glucose production in patients with cirrhosis was diminished because of low-rate
glycogenolysis, but hepatic gluconeogenesis and ketogenesis were increased. After 3 d
of starvation, patients with cirrhosis were found to have hepatic gluconeogenic and
ketogenic profiles comparable to those of healthy patients undergoing deprivation of a
similar duration. García-Compeán et al[41] showed that subclinical abnormal glucose
tolerance was a predictor of death in patients with liver cirrhosis. In the study by
Wang et al[26], the authors found that fasting metabolism protected against sepsis and
that protection was suppressed by infused glucose[35], and Weis et al[24] discovered that
mice have to maintain minimal glucose levels through gluconeogenesis for tolerating
bacterial sepsis. Thus, there occurs an upper and lower limit of glucose homeostasis
and blood glucose level that must be maintained through the reduced intake
(anorexia) and by endogenous hepatic glucose production (gluconeogenesis) to
improve outcomes in sepsis. This is a matter of further research in patients with
cirrhosis.
In animal models of cirrhosis and sepsis, we need to identify outcomes related to
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Figure 2 Insights into pathophysiology of tolerance toward sepsis and loss of tolerance leading to higher risk of sepsis in cirrhosis
patients[4,23-25]. Apart from tolerance, loss of resistance and exposure to pathogens (shown as red crosses in the upper part of the figure) can initiate infections that
can lead to development of sepsis. In patients with infections who develop sepsis, local and systemic inflammation lead to dysregulated red cell homeostasis and
development of toxic oxidants especially iron ligands that are removed by ferritin. Ferritin formation and oxidant sweep are regulated systematically through
hepatocyte and macrophage functions in the healthy liver through expression of glucose-6-phosphatase (G6PD) and ferritin H gene subunit (FTH). In cirrhosis, liver
dysfunction results in aberrant FTH activity, defective macrophage and hepatocyte functions and reduction in G6PD activity, resulting in increased oxidant stress and
loss of tolerance to infection, leading to progression of sepsis through reduction in functional ferritin (shown as red crosses at the bottom). The blue and purple boxes
demonstrate steps and measures for correction of dysregulated responses in a patient with cirrhosis, respectively, so as to improve tolerance to infection and
prevention of sepsis. FTH: Ferritin H gene subunit; G6PD: Glucose-6-phosphatase.

fasting and non-fasting states. Studies on intermittent or prolonged fasting on immune
functions in patients with cirrhosis and associated clinical outcomes remain an unmet
need. In summary, in patients with compensated cirrhosis, the role of different
modes/methods of fasting for prevention or treatment of bacterial infection could be
an exciting area of research – one that needs bench work in small cirrhotic animal
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models for further consideration in humans (Figure 3).

ADVANCES IN GENERAL PATHOPHYSIOLOGY OF SEPSIS AND
RELEVANCE IN CIRRHOSIS
With the intrusion of a microbial entity, the initial host response is the activation of
innate immunity that is comprised of macrophages, monocytes, neutrophils, and
natural killer cells. This cellular activation is a result of the binding of pathogenassociated molecular patterns, which include endotoxins and fungal elements such as
beta-glucans and other microbial degradation components. Apart from these direct
pathogen-related activator molecules, damage-associated molecular patterns, which
include intracellular material, components of dead or damaged host cells, and
microbial DNA, potentiate the host response to infection. All of these activator
molecules bind to specific receptors on cells (such as monocytes and macrophages)
associated with mounting a counteractive immune response through toll-like
receptors, C-type leptin receptors retinoic-acid inducible gene-1-like receptors and
nucleotide-binding oligomerization domain-like receptors[42]. In sepsis, close
interactions between the inflammatory and haemostatic pathways also affect host
responses at the cellular, tissue, and organ levels. With perpetuation of host
inflammatory response to an overwhelming or under controlled infection, toxicity at
local and systemic levels due to inflammatory components as well as microthrombi
formation in organ systems in the initial phase leads to hypoperfusion and decreased
delivery of and utilization of oxygen by cellular components, leading to organ
dysfunction seen in sepsis[43].
In cirrhosis, the systemic inflammation is mediated through the activation of all
innate and adaptive immune cells, with the tipping of the balance towards proinflammatory cytokines. In compensated cirrhosis, the progression of fibrosis and
hepatocyte loss release damage-associated molecular patterns that activate the
immune system causing sterile systemic inflammation. In decompensated cirrhosis,
worsening portal hypertension leads to bacterial translocation and release of
pathogen-associated molecular patterns into the systemic circulation from the
intestinal lumen into the circulation. The continuous influx of immune and
inflammation activating molecules leads to a state of persistent inflammation in the
host. As cirrhosis progresses and patients start developing complications of portal
hypertension, and ultimately liver failure, exhaustion of the immune system occurs,
along with loss of tolerance to infections, leading to the inability to mount functional
innate and adaptive immune responses. This defines CAID state in which increased
levels of anti-inflammatory cytokines and leukocyte inhibitory antigens predominate
with loss of immune cell function. In its most extreme form, ACLF, a state of immune
paralysis that is also notable in advanced stages of sepsis, is appreciable. In advanced
cirrhosis with CAID, an infectious insult can rapidly lead to a state of immune
exhaustion that is much more burdensome compared to a non-cirrhotic patient
population. A study showed that lymphocytopenia on the 4th day after a diagnosis of
sepsis was predictive of both 28-d and 1-y mortality in sepsis[42,44].
Systemic inflammation plays a central role in defining landmark events in patients
with cirrhosis. Even in the absence of infection or sepsis, patients with cirrhosis are at
baseline, in a state of persistent systemic inflammation. In the presence of noninfectious causes for worsening or acute severe systemic inflammatory states (for
example, alcoholic hepatitis, drug-induced liver injury, or reactivation of chronic
hepatitis B virus infection), acute decompensation can develop in patients with
compensated cirrhosis. In cirrhosis patients with bacterial infections who developed
acute decompensation and ACLF, the inflammatory markers interleukin (IL)-6,
tumour necrosis factor-alpha, and IL-1 receptor antagonist were found to increase
much higher than those with other stress/insults[45]. In patients with compensated and
decompensated cirrhosis, in the absence of infections, persistent systemic
inflammation leads to a prothrombotic or hypercoagulable state. This baseline
hypercoagulability worsens organ dysfunction in patients with cirrhosis who develop
infections, and in advanced stages of cirrhosis, once organ failures take full form,
disseminated intravascular coagulation develops that leads to a haemorrhagic
phenotype in critically ill patients with cirrhosis with septic shock[46,47]. In summary,
targeting sepsis in cirrhosis is not merely targeting the pathogen but, in early stages,
improving tolerance to infection and correcting of hypercoagulability; in middle
stages, keeping in control the unhealthy proinflammatory storm; and late stages,
improving immune regulation and abolishing immune paralysis. Timing of treatments
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Figure 3 Fasting metabolism and its impact on immune homeostasis and enhanced tolerance to infections[26-28]. The figure demonstrates the
potential mechanisms associated with fasting metabolism on immune functions that ultimately prove beneficial for prevention of and combating infections. This could
be hypothesized to have benefits in patients with early cirrhosis, especially in those who are obese, pending bench to bedside translational studies. Nonetheless, in
advanced cirrhosis, on the contrary, nutritional management to improve immune functions, prevention of infections, and boosting tolerance to sepsis is of importance.

and targeted therapy for these important events in sepsis and cirrhosis remain an
unmet need and require multicentre collaboration and specific focused groups
working on each aspect to define each therapeutic component that would ultimately
become a primary protocol that can be generalized world over.
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NOVEL BIOMARKERS FOR SEPSIS DIAGNOSIS AND PROGNOSIS: USE
IN CIRRHOSIS
A multitude of biomarkers has been identified that help in the diagnosis and prognosis
of sepsis. Of these, the C-reactive protein (CRP), procalcitonin (PCT), and IL-6 have
been most extensively studied and of clinical use currently. However, these markers
have high levels of heterogeneity concerning the population studied and lack
homogeneity in displaying diagnostic value under special circumstances. The
Surviving Sepsis Campaign guidelines advocate that measuring PCT can help reduce
the duration and promote early discontinuation, escalation, or de-escalation of
antimicrobial therapy in patients with diagnosed sepsis. Even though single PCT
measurements do not have strong prognostic value, serial measurements can help
identify patients at risk of death due to the progression of sepsis and the emergence of
septic shock[48,49].
Mid-regional pro adrenomedullin (MR-proADM), a fragment of adrenomedullin
precursor (amino acids 45 to 92) with vasodilator and natriuretic properties, was found
to be superior to current biomarkers and scoring systems in predicting 28-d mortality
in patients with sepsis, septic shock, critically ill with new-onset fever, and respiratory
tract infection. In patients with cirrhosis, MR-proADM was found to relate to portal
pressures and systemic hemodynamics. It was recently shown that MR-proADM was
reliable in identifying cirrhosis patients with complicated bacterial infections as well as
those with a very high risk of short-term death independent of bacterial infections or
SIRS criteria[50].
Remmler et al[51], in a retrospective observational study in end-stage liver disease
patients, found that the model for end-stage liver disease (MELD) scores, IL-6 level,
and CRP level were associated with mortality risk. The 1-y mortality was zero among
patients with IL-6 levels < 5.3 pg/mL but 68% among those with IL-6 > 37.0 pg/mL.
The predictive performance for 90-d mortality was excellent (area under the curve,
0.94) for IL-6 and similar to those of MELD and MELD-sodium scores and superior to
those of CRP and white blood cell levels. The authors also found that the IL-6 level
was an independent predictor of mortality after adjustment for the other markers[51].
Recently, the changes associated with the expression of the neutrophilic CD64
surface marker were found to predict severe inflammation and sepsis efficiently.
Neutrophilic dysfunction, a hallmark of sepsis, is that in which neutrophils lose their
ability to respond to chemokines leading to an alteration in the microbicidal activity.
Such neutrophils have a specific motility signature that can be captured using
microfluidic-based assays. From these motility signatures, the Sepsis Score was
determined by [N × (O + P + R + AD)/103], where N is the neutrophil count; O the
number of oscillations exhibited within the migration channels; P the time spent
pausing during spontaneous motility; R the reverse migration of cells out of the
device, and AD the average distance migrated by the cells. Among patients without
cirrhosis, the scoring system generated an area under the curve of 0.98 for non-sepsis
and sepsis patients with 96.8% sensitivity and 97.6% specificity[52].
Apart from the clinical definitions that guide diagnosing sepsis at the outset, several
novel investigational tools have improved diagnosis and prognostication of sepsis. A
novel biomarker, the intensive care infection score (ICIS) composed of five blood-cellderived parameters [mean fluorescence intensity of mature (segmented) neutrophils,
the difference in haemoglobin concentration between newly formed and mature red
blood cells, the total segmented neutrophil count, the antibody-secreting lymphocytes,
and the accurate immature granulocytes count] characterizing the early innate
immune response can be routinely obtained from blood samples sent to the laboratory
for cell counts. This score has been retrospectively evaluated in two pilot studies,
which suggested its potential predictive value for infection. A mean ICIS value of < 3
(lower cut-off level) indicates the absence of infection. In contrast to CRP and PCT
measurements, the ICIS can be determined routinely without new blood sampling and
lower costs, yielding results within 15 min[53].
Recently, the monocyte distribution width, with a value > 20 U, was found to be
effective for sepsis detection based on the Sepsis – 3 criteria at admission. In the
presence of a raised white cell count, the value of monocyte distribution width
improved diagnosing and defining early management protocols for sepsis[54].
Crawford et al[55] developed an automated deformability cytometric analysis using
microfluidic cartridge and customized instrumentation. In this system, imaging of
single cells at the rate of thousands/s with the high-speed camera can be studied as
they undergo stretching in a controlled microfluidic flow. Deformability was defined
as the length by width of a cell during its motion through the microfluidic chamber.
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The authors found that granulocytes in patients with sepsis fluidize and elongate
much more when compared to the normal population. This can help identify patients
with sepsis-associated early innate immune activation. The assay time takes less than
10 min from blood collection to final output and can be used in an emergency setting
to identify those who require immediate antibiotic care. This is important because an
increase in mortality has been shown with every passing hour in patients with sepsis
and even more so in those with septic shock, which holds in patients with cirrhosis
and sepsis at a more catastrophic level (Figure 4)[55,56].
To improve on the diagnostic and prognostic accuracy of single-protein biomarkers
that are currently in use, transcriptomics (the study of the whole set of RNA
transcripts that are produced by the genome, under specific circumstances or in a
specific cell—using high-throughput methods, to identify specific gene expressions)
based biomarker panels for a broader assessment of host response to infection have
become novel powerful tools. Two such transcriptomic sepsis scores, the SeptiScore™
and the Sepsis MetaScore, using set algorithms, have been validated in independent
cohorts. SeptiScore™ utilizes SeptiCyte™LAB technology (ImmuneExpress, Seattle,
WA, United States), which consists of four messenger-RNAs (mRNA; CEACAM4,
LAMP1, PLA2G7, PLAC8) that represent sepsis-related host response gene expression
based mathematical algorithm that predicts sepsis earlier than traditional methods.
SeptiScore™ is United States Food and Drug Administration cleared and aids in the
differentiation of infection-negative sterile systemic inflammation compared to
infection-positive sepsis. The Sepsis MetaScore, which utilizes the expression of 11
host mRNAs discovered from public microarray datasets, was found to have the
highest prediction power for sepsis amongst all currently studied transcriptomicsbased assays. mRNA based gene expression assays have also been studied to
differentiate bacterial from viral sepsis (for example, the 7-mRNA bacterial or viral
Metascore). All of these novel tools (Table 2) for diagnosing and identifying the
severity of sepsis appear promising but lacks validation in the patients with
cirrhosis[57].

UPDATE ON PROGNOSTIC SCORING SYSTEMS FOR SEPSIS IN
CIRRHOSIS
The newly described qSOFA, as per the Sepsis-3 guidelines, has become an important
tool that can be utilized at the bedside for the identification of sepsis and predict
mortality. More recently, Rhee et al[58] evaluated the performance of a novel electronic
SOFA (eSOFA) compared to the classical SOFA score. The eSOFA was developed by
the United States Centers for Disease Control and Prevention to facilitate retrospective
surveillance of sepsis events and was found to identify better, a smaller but sicker
cohort of patients, than classical SOFA score system. The SOFA score defines organ
dysfunction across six organ systems and assigns 0-4 points for each organ system
depending on the degree of dysfunction, whereas eSOFA replaces these with binary
criteria for most of the same organ systems. Currently, the diagnosis of sepsis with the
SOFA score to evaluate organ dysfunction in the setting of infection and the use of
qSOFA to predict the severity and outcome of sepsis have been recommended by the
Sepsis-3 consensus document. Müller et al[59] showed that qSOFA did not predict inhospital mortality, intensive unit admission, or length of hospitalization in patients
with decompensated cirrhosis. The application of sodium level to qSOFA (called
qSOFA-Na+) improved the diagnostic ability for identifying sepsis and mortality.
However, in a larger series of cirrhosis patients, Piano et al[60] found that the Sepsis-3
criteria were more accurate than SIRS criteria in predicting the severity of infections in
patients with cirrhosis and that the qSOFA was a useful bedside tool in assessing risk
for poor outcomes in hospital. Patients fulfilling Sepsis-3 criteria had a higher
incidence of ACLF, septic shock, and transfer to an intensive unit that those without.
In a more recent study, Augustinho et al[61] showed that in patients with cirrhosis
hospitalized for bacterial infections, admission qSOFA was an independent predictor
of survival, and for those classified as high risk for death by qSOFA, only the CLIFSOFA predicted prognosis independently, and Sepsis-3 criteria did not play a major
role in predicting risk or stratifying patients. Lan et al[62] in a large retrospective cohort
found that CLIF-SOFA and CLIF-organ failure scores were better tools that qSOFA,
MELD, or qCLIF-SOFA in the evaluation of prognosis of critically ill patients with
cirrhosis with suspected infections.
A Korean study revealed that qSOFA had limited utility in predicting adverse
outcomes in cirrhosis patients with sepsis at medical emergency team activation in the
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Table 2 Transcriptomics based micro assays for diagnosis of sepsis[57]

Assay name (manufacturer)

Technique/sample volume

Turnaround
time

Highest noted
sensitivity and
specificity

SeptiFast (Roche)

Real-time PCR/1.5 mL

4 h to 6 h

83%/95%

> 16 bacteria, Candida and
Aspergillus fumigatus

SeptiTest (Molzyme)

Universal PCR/1 mL

8 h to 10 h

87%/96%

> 345 bacteria and 13 fungi

SeptiCyte (ImmuneExpress)

RT-qPCR with machine learning/2.5 mL

1 h to 6 h

-/ 95% (discriminates SIRS
from sepsis)

All pathogens

Iridica Plex ID (Abbott)

Multiplex broad range PCR/5 mL

6h

83%/94%

780 bacteria and Candida

MinION (Oxford Nanopore)

Nanopore sequencing/10 ng DNA

4 h to 6 h

-/100%

Few viruses and bacteria
currently

U-dHRM (UCSD, United States)

Digital PCR/1 mL

3h

-/99.9%

37 bacteria

LAMP Tech

Loop mediated isothermal
amplification/30 µL

1h

-/100%

1 pathogen per sample

Integrated droplet digital detection
tech (Velox Biosystems)

DNA-zyme base sensor droplet
microencapsulation 3D particle analysis

1 h to 4 h

-

1 pathogen per sample

Detection

3D: Three-dimensional; PCR: Polymerase chain reaction; RT: Reverse transcriptase; SIRS: Systemic inflammatory response syndrome.

general wards or rooms. Another scoring system, called the modified early warning
score (Table 3), detected sepsis early in these patients[63]. Pan et al[64] showed that the
“MAP, bilirubin, respiratory failure, sepsis” score, a simple prognostic model
consisting of MAP, serum bilirubin level, assessment of acute respiratory failure, and
sepsis [calculated using the following predictors: MAP, < 80 mmHg; serum bilirubin
level, > 80 µmol/L (4.7 mg/dL); type 1 respiratory failure, and fulfilment of definition
of sepsis; defined as the sum of the values of the individual predictors, each value
ranging from 0 to 4], analysed on the 1st day of admission to the intensive care unit in
critically ill patients with cirrhosis with acute kidney injury, was useful in predicting
short term mortality in-hospital better than current complex scoring systems including
the commonly used CTP and MELD scores. A novel approach to predicting sepsis and
severity is by coupling electronic medical records data with machine learning
algorithms. As an example of this modality, researchers have identified a novel
targeted, real-time early warning score called the TREWScore that predicts the
development of septic shock in adult intensive care patients 28 h before clinical onset.
The HeRO score algorithm (Medical Predictive Science Corp, Charlottesville, VA,
United States) utilized subtle changes and irregularities in heart rate variability to
predict poor outcomes before the actual onset. However, this technology has not been
fully validated and lacks power in the identification of sepsis and bloodstream
infections. Such novel approaches have the potential to be of great value in diagnosing
sepsis and improving outcomes in this difficult to manage cohort of patients[65].

TREATING SEPSIS IN CIRRHOSIS – CURRENT RECOMMENDATIONS
AND NEWER APPROACHES
Current updated guidelines recommend that the treatment of sepsis, along with
needful resuscitation, should commence immediately at the identification of sepsis and
related clinical outcomes. This includes appropriate antibiotics (based on regionspecific community and hospital-related pathogen patterns) and other source control
measures. The Surviving Sepsis Campaign currently recommends the ”Hour-1
Bundle”, which includes broad-spectrum antimicrobials, intravenous fluid
management, measurement of serum lactate level and inotropes, and vasopressor
support in those not responding to fluid resuscitation. There is no role of early goaldirected treatment in sepsis, as was considered previously as three large multicentre
trials in three major countries reported absence of benefit with such an intervention.
The use of crystalloid or colloid as the initial resuscitation fluid also remains an
enigma. Even though guidelines suggest that crystalloid, possibly normal saline or a
buffered salt solution such as Plasmalyte need to be utilized at 30 mL/kg over 3 h, this
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Table 3 The modified early warning scoring system for identification of sepsis[63]
Score

3

2

1

0

1

2

3

9-14

15-20

21-29

> 29

101-110

111-129

> 129

Respiratory rate per min

≤8

Heart rate per min

≤ 40

41-50

51-100

81-100

101-199

35.1-36

36.1-38

38.1-38.5

≥ 38.6

Alert

Reacting to voice

Reacting to pain

Systolic blood pressure, mmHg

≤ 70

71-80

Urine output, mL/(kg·h)

Nil

< 0.5

Temperature, °C

≤ 35

Neurological, subjective

≥ 200

Unresponsive

Figure 4 A summary of new and upcoming biomarkers for sepsis[48,50-57]. CD: Cluster of differentiation; IL: Interleukin; MDW: Monocyte distribution
width; MELD: Model for end-stage liver disease; Na: Sodium.

practice is currently undergoing further scrutiny to improve on protocolized
management. In those patients in whom crystalloids do not improve MAP, the
addition of human albumin may be considered. However, no such recommendations
exist, and the choice of fluid and its further modification rightfully rests on the
common sense directed therapeutic decisions of the treating physician, based on close
follow up of clinical parameters in the intensive care unit. Generalizability of
Surviving Sepsis Campaign recommendations in the patients with cirrhosis needs
validation. This is because goals of treatment may be different in patients with
cirrhosis since they are frailer, have lower MAP at baseline due to the use of beta-
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blockers for portal hypertension, have higher central venous oxygen saturation due to
a hyperdynamic circulation with lower haematocrit, and abnormal lactate
metabolism[66,67].
Philips et al[68] conducted an open-label trial in 308 patients with cirrhosis (published
in abstract form) with sepsis-induced hypotension and randomized them to receive
either 5% human albumin or normal saline. The primary endpoint was the reversal of
hypotension (MAP > 65 mmHg) at 3 h, and the secondary endpoints included effects
on heart rate, arterial lactate, urine output, and survival at 1 wk. The authors found
that the reversal of hypotension was higher in patients receiving 5% albumin than
saline at the end of 1 h [25.3% and 11.7% respectively, P = 0.03, odds ratio (95%CI): 1.9 (1.08-3.42)] and 3 h [11.7% and 3.2% respectively, P = 0.008, 3.9 (1.42-10.9)].
Sustained reduction in heart rate and lactate levels were greater in patients receiving
albumin, without statistically significant changes in the urine output or adverse events
between the groups. At the end of 1 wk, the proportion of patients surviving in the
albumin group was higher than that in those who received saline (43.5% vs 38.3%, P =
0.03).
Regarding antibiotic therapy, some authors suggest that in community-acquired
infections, the initial antibiotic of choice be a third-generation cephalosporin or
amoxicillin-clavulanic acid and carbapenem or piperacillin and tazobactam
combination in nosocomial infections in regions with a high and low prevalence of
multiresistant bacteria, respectively, with or without a glycopeptide. Novel
antimicrobial strategies are an area of active research. This includes targeting
resistance mechanisms in pathogens. For example, the novel small molecule Inh2-B1,
which targets serine-threonine protein kinase of methicillin-resistant Staphylococcus
aureus, makes the pathogen susceptible to ceftriaxone and cefotaxime. Another
example is antibiotic pairing with novel beta-lactamase or carbapenemase, as is seen
with ceftazidime-avibactam and meropenem-vaborbactum, both of which were
approved by the United States Food and Drug Administration for use in
Enterobacteriaceae infections. Pathogen targeted antibody therapy is also a novel
strategy to improve antimicrobial susceptibility. An example of this is the
development of a monoclonal antibody against extremely drug-resistant Acinetobacter
baumannii[43].
A haemoglobin threshold of 7 g/dL to 8 g/dL could be considered ideal in patients
with cirrhosis with sepsis, as is endorsed by Baveno VI guidelines in those with acute
variceal bleeding with a restrictive strategy of blood transfusion. In general, the septic
shock population, the use of noradrenaline with or without vasopressin and
adrenaline in a staged manner, has been recommended to maintain MAP. In a
randomized controlled trial in patients with cirrhosis, Choudhury et al[69] demonstrated
that terlipressin was as effective as noradrenaline as a vasopressor in patients with
cirrhosis with septic shock and additionally provided early survival benefit with
reduction in risk of variceal bleeding. In cirrhosis patients, the use of dopamine does
not come highly recommended due to the high risk of inducing arrhythmias, and the
administration of dobutamine is not supported because patients with cirrhosis have
high cardiac output at baseline, which worsens with sepsis. Dobutamine is
recommended in patients with clinically significant myocardial dysfunction. With
regards to vasopressor hypo responsiveness and adrenal insufficiency in a general
population of septic shock patients, the ADRENAL trial found no difference in 90-d
all-cause mortality even though patients in the hydrocortisone group had faster
resolution of shock, had a shorter duration of the initial episode of mechanical
ventilation, and were less likely to receive blood transfusions. However, the
APPROCHS (Activated Protein C and Corticosteroids for Human Septic Shock) trial
showed that the 90-d all-cause mortality was lower among those who received
hydrocortisone plus fludrocortisone than among those who received a placebo. A
systematic review and meta-analysis in septic shock patients showed that
corticosteroids possibly caused a small reduction in mortality and reduced duration of
shock and intensive unit treatment but an increase in neuromuscular
complications[70,71].
In patients with cirrhosis, a randomized study did not show any benefit on
mortality and shock reversal with the use of intravenous hydrocortisone[72]. Since
protective ventilation (low tidal volumes of 6 mL/kg of ideal body weight and plateau
pressures < 30 cm H2O) improves survival in general patients with adult respiratory
distress syndrome, patients with cirrhosis who require mechanical ventilation should
also be treated on the same lines. However, the sedation in such circumstances must
ideally be with drugs with short half-lives such as propofol and remifentanil with
avoidance of benzodiazepines[73-75]. In patients with cirrhosis, profound distributive
shock leads to the development of refractoriness (a state of ”vasoplegia”) to inotrope,
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and pressor support is higher than that seen in non-liver patients with septic shock
due to increased sympathetic drive, use of beta-blockers, and more severe relative
adrenal insufficiency.
Case reports and small series in general patients have shown that methylene blue
(MB) (a selective inhibitor of guanylate cyclase improves vascular tone and tissue
perfusion) infusion could improve refractory septic shock. Ahamed et al[76] recently
studied the role of MB in patients with cirrhosis with refractory septic shock
(published in abstract form) compared to those on a standard of care. The authors
defined refractory septic shock as requirement of noradrenaline (final concentration 64
μg/mL in 250 mL 0.9% normal saline) ≥ 4 μg/min (i.e. 8 mL/h) + vasopressin ≥ 0.01
units/min (i.e. 1.5 mL/h). On retrospective analysis, they found that improvement in
systolic blood pressure was significantly better in the MB group from baseline at the
end of 24-, 72-, and 120 h compared to those on a standard of care. Improvement in
diastolic blood pressure was notable in the MB group from baseline at the end of 24and 72 h; between 24- and 72 h and 24- and 120 h while the increase in MAP was
significantly higher in patients receiving MB from baseline at 24- and 72 h. Significant
reduction in dose of noradrenaline and vasopressin dosing was also noted from
baseline at the end of 24- and 72 h in the MB group. The need for additional inotropes
was significantly higher at the end of 24- and 72 h in patients continued on the
standard of care. The total hospital stay duration was significantly lower in the MB
group (8 d vs 10 d, P < 0.05), however, without significant differences in short-termsurvival (1 wk, 14 d, and 28 d) between groups[76]. A proposed algorithm for the
treatment of sepsis in cirrhosis is shown in Figure 5[43,66,73,74].
Walley et al[77] showed that the proprotein convertase subtilisin/kexin type-9
(PCSK9) was a critical regulator of the innate immune response, and septic shock
outcome and reduction in PCSK9 function were associated with increased pathogen
lipid clearance through the low-density lipoprotein receptors with a decrease in the
inflammatory response. Repurposing drugs for newer indications and genomic
approaches to improving outcomes in septic shock is an area of active research[77].
Other promising treatment modalities in sepsis include a combination of vitamin C,
hydrocortisone, thiamine, short-acting beta-blockade therapy using esmolol in patients
with sepsis and persistent tachycardia, and toxin removal and inflammation control
using hemadsorption techniques that utilize specialized membranes such as those with
polymyxin B and finally, immune-stimulation with growth factors such as granulocyte
and granulocyte-macrophage colony-stimulating factors. The role of nanoparticlebased adjuvant therapies is gaining widespread attention as a novel area with
beneficial strategic output in the treatment of sepsis. Nanoparticles have small size and
sizeable surface area to volume ratio and can be utilized as antibacterial agents,
structure platforms for adsorbents that bind and sequester endotoxins and cytokines to
restore homeostasis[78,79]. A summary of novel adjuvant therapies for sepsis is shown in
Table 4.

THE ROLE OF AND MODULATION OF GUT MICROBIOTA IN SEPSIS AND
CIRRHOSIS
An intact intestinal barrier and commensal balance are imperative for proper
maturation and development of the immune system. In health, gut microbiota
antagonize pathogens by competing with nutritional components, produce
antimicrobial peptides and metabolites, and render the local milieu hostile by
modifying bile salts. Not only at the local sites, but at a systemic level, immuneregulation is an important task of the healthy microbiota. Various structural
components of the gut microbes called the microbe-associated molecular patterns, or
MAMPs, can promote a systemic inflammatory response by activating and further
maturing the innate and adaptive immune system. The microbial metabolites such as
short-chain fatty acids (SCFAs) help in modulating both pro and anti-inflammatory
responses to maintain immune and inflammatory balance in the host. SCFAs like
butyrate and propionate activate regulatory T cells that ameliorate systemic
inflammation. Other gut metabolites such as desaminotyrosine boosts type 1
interferon responses leading to improved viral pathogen clearance. In patients who
develop dysbiosis, due to environmental and host factors, gut microbial health
deteriorates, leading to increased risk of infections. Furthermore, the use of antibiotics
increases dysbiosis that enters the host into a vicious cycle of infections and organ
dysfunction. It is well known that patients with cirrhosis have dysbiosis that worsens
with the severity of liver disease. In its worst form, pathobionts prevail, and the
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Table 4 Novel adjuvant therapies for management of sepsis[74-76]
Therapy

Mechanism

Systemic effect in sepsis

Eritoran; resatorvid

Toll-like receptor 4 antagonist; Eritoran is structurally similar to
lipopolysaccharide – A of Gram-negative bacteria. Resatorvid is
a direct antagonist of toll like receptor 4

Anti-inflammatory; Immunomodulation

Polymixin B fibre column; CytoSorb

Hemoperfusion; CytoSorb has hemadsorption properties

Removal of circulating endotoxin and bacterial
components

Plasma exchange; Whole blood exchange; Coupled plasma filtration adsorption; Hemofiltration

Exchange of plasma or blood with or without sorbent
adsorption; either continuous or intermittent; low or high
volume

Removal of endotoxins and circulating cytokines

Macrolides

Nuclear factor kB and AP-1 signalling suppression, inhibition of
ERK-1 and 2 pathways

Anti-inflammatory and immunomodulating
properties

Interferon-gamma

Increase in monocyte HLA-DR expression

Restores immune regulation, abolishes
immunoparalysis by restoring monocyte function

Immunoglobulins

Increase in IgA and IgM levels

Boosts humoral immunity

Granulocyte macrophage colony stimulating factor

Promotes maturation and differentiation of neutrophils,
monocytes, macrophages, dendritic cells, T lymphocytes and
plasma cells

Improves immune regulation, reduces
immunoparalysis

Anti-MIF

Antagonizes macrophage migration inhibition factor

Immunomodulation through boosting activity of
endogenous glucocorticoids

Super-Antigen-Antagonist

Suppression of pro-inflammatory gene expression by inhibition
of T cell activation

Th1 blockade and prevention of lethal shock

Heparin and its analogues

Anti-thrombotic, immunomodulation

Prevents early disseminated intravascular
coagulation, prevents early organ failures due to
diffuse system microvascular thrombosis

Naloxone

Opioid receptor antagonism

Improves hemodynamic instability

Pentoxifylline

Decreases erythrocyte aggregation and deformability, anti TNFalpha effect

Improvement in arterial oxygen tension by
improving fractionated oxygen exchange

GTS-21

Selective alpha-7-nicotinic acetylcholine receptor agonist, blocks
nuclear factor – kB and cytokines downstream

Activates cholinergic anti-inflammatory pathway

Interleukin 7 and 2

Pro-inflammatory cytokines

Prevents immunoparalysis

Programmed cell death-1 (PD-1) and ligand (PD-L1) antagonist

Prevention of lymphocyte depletion, improvement in proinflammatory mediators and increased bacterial clearance

Immune modulation

B and T cell lymphocyte attenuator antagonism (BTLA)

Increases activity and proliferation of T cells

Increases resistance to endotoxin and prevention of
endotoxin mediated shock

Antagonism of cytotoxic T lymphocyte antigen 4 (CTLA-4)

Increased activity and proliferation of T cells

Abolishes endotoxemia and associated toxic shock
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Methylthiouracil

Suppresses high mobility group box – 1 (HMGB-1)

Anti-inflammatory

Structurally nanoengineered antimicrobial peptide polymers; Ceria – zirconia nanoparticles; Piceatannol-loaded
albumin nanoparticles; Sialic-acid decorated nanoparticles; Exsosomes loaded with MFGE8, miR-223; Red blood
cells and macrophage coated nanoparticles; Liposomes tagged to antimicrobials; Opsonin bound magnetic
nanobeads

Nanoparticle technology (pre-clinical studies)

Antibacterial; Antioxidant; Anti-inflammatory;
Endotoxin antagonist; Extracorporeal blood
cleansing; Clearance of apoptotic cells

AP: Activator protein; BTLA: B and T lymphocyte associated; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; ERK: Extracellular signal-regulated kinases; HLA-DR: Human leukocyte antigen – DR isotype; HMGB: High-mobility
group box; Ig: Immunoglobulins; MFGE8: Milk fat globule epidermal growth factor 8 protein; MIF: Macrophage migration inhibitory factor; miR: Micro-RNA; PD-L: Programmed death receptor ligand; TNF: Tumour necrosis factor.

intestinal microbiota after that functions as a repository for antimicrobial resistance (a
state called ”resistome”). This further endangers immune function at the local and
systemic level predisposing the host to not only infectious insults but also severe
inflammatory states leading to organ failures. The best proof that sepsis can be
improved with modulation of gut microbiota stems from studies of healthy donor
faecal microbiota transplantation (currently rechristened intestinal microbiota
reinstitution therapy or intestinal microbiota re-instituition therapy) in patients with
recurrent and severe Clostridium difficile infections[80-82]. Modulation of microbiota in a
similar fashion in patients with liver disease has been shown to improve outcomes
related to hepatic encephalopathy, alcoholic hepatitis with infections, ACLF, and
primary sclerosing cholangitis with recurrent cholangitis[83-86]. In patients with
cirrhosis, understanding the gut microbiota and its modulation are still in foetal stages.
In such patients, the first step is to identify, through omics-based research, those at risk
for the development of infections before sepsis development. Modulating microbiota
at this stage can help prevent infections by restoring a eubiotic microbiome. In those
patients with sepsis, addressing dysbiosis through active modulation of the microbiota
can help improve outcomes related to sepsis and organ failures. In those surviving
sepsis, modulation of microbiota to restore homeostatic balance can help prevent
dysbiosis driven infectious insults in the future (Figure 6). Recently, in a randomized
controlled pilot trial, Stadlbauer et al[87] demonstrated that dysbiosis in early sepsis
could be modulated by utilizing a multispecies probiotic (Winclove 607 based on
Omnibiotic® 10 AAD) with improvement in clinical outcomes.

CONCLUSION
Sepsis and septic shock are conditions associated with high mortality in the general
population, more so in patients with cirrhosis due to specific hemodynamic and
immune system-related changes affecting the latter. Over the past few decades, the
definition of sepsis and its application in clinical practice has seen a major change,
which has helped to identify better patients at risk. The sepsis care protocols have
evolved over the past few years to incorporate the best clinical practices that would
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Figure 5 The proposed treatment algorithm for sepsis in cirrhosis[66,68,70-72,75]. BCAA: Branched-chain amino acids; FMT: Faecal microbiota
transplantation; G-CSF: Granulocyte-colony stimulating factor; GM: Granulocyte-macrophage; ICU: Intensive care unit; IMRT: Intestinal microbiota re-instituition
therapy; IV: Intravenous; LOLA: L-ornitine L-aspartate; LPS: Lipopolysaccharide; MDR: Multidrug resistant.

improve clinical outcomes in affected patients. Even though specific guidelines for
sepsis identification and treatments do not exist in patients with cirrhosis, real-world
evidence from the non-liver population has been of great help in managing sepsis in
this difficult to treat cohort. Basic science work has identified novel areas such as the
role of nutrition, immune regulation, genomics-based and nanomedicine-based
approaches, as well as microbiota modulation in improving adjuvant treatments for
sepsis, which could become an integral part in the management of severe infections.
Novel antimicrobial strategies for combating resistance and the role of machine
learning and deep data mining are also major tools currently in development as
armamentarium against sepsis. In this exciting era of basic science work driven bench
to bedside strategies, the improvements in challenges during the management of
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Figure 6 The role of gut microbiota in driving and worsening sepsis and cirrhosis[78,80,81]. Gut microbiota modulation is an interesting approach to
management of sepsis in the future. Reducing dysbiotic bacterial communities and favouring commensals that improve host immune functions, promote endogenous
antimicrobial metabolite formation and resist pathogenic colonization could be achieved through high dose probiotics or intestinal microbiota re-institution therapy.
MDR: Multidrug resistant.

sepsis in cirrhosis in the future looks promising.
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Abstract
Cell competition is now a well-established quality control strategy to optimize cell
and tissue fitness in multicellular organisms. While pursuing this goal, it is also
effective in selecting against altered/defective cells with putative (pre)-neoplastic
potential, thereby edging the risk of cancer development. The flip side of the coin
is that the molecular machinery driving cell competition can also be co-opted by
neoplastic cell populations to expand unchecked, outside the boundaries of tissue
homeostatic control. This review will focus on information that begins to emerge
regarding the role of cell competition in liver physiology and pathology. Liver
repopulation by normal transplanted hepatocytes is an interesting field of
investigation in this regard. The biological coordinates of this process share many
features suggesting that cell competition is a driving force for the clearance of
endogenous damaged hepatocytes by normal donor-derived cells, as previously
proposed. Intriguing analogies between liver repopulation and carcinogenesis
will be briefly discussed and the potential dual role of cell competition, as a
barrier or a spur to neoplastic development, will be considered. Cell competition
is in essence a cooperative strategy organized at tissue level. One facet of such
cooperative attitude is expressed in the elimination of altered cells which may
represent a threat to the organismal community. On the other hand, the society of
cells can be disrupted by the emergence of selfish clones, exploiting the molecular
bar codes of cell competition, thereby paving their way to uncontrolled growth.
Key words: Cell competition; Liver carcinogenesis; Liver repopulation; Aging; Tissue
homeostasis; Clonal expansion
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Core tip: Cell competition stands as an eminently cooperative strategy which operates in
coordination with mechanisms overlooking tissue mass and tissue architecture. One facet
of such cooperative attitude is also expressed in the elimination of altered, putative (pre)neoplastic cells which may potentially pose a threat to the organismal community. On the
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other hand, cell populations on the path towards neoplasia may cheat the society of cells
from which they originate using the molecular bar codes of cell competition, thereby
paving their way to uncontrolled growth, invasiveness and metastatic capacity.
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ORGANISMAL COMMUNITIES
Cell communities in multicellular organisms are shaped by a fundamental organizing
principle, instructing the relative sizes and reciprocal relationships to be enacted and
maintained over time among different cell types. Such a seemingly simple fact
represents the very essence of individual multicellular communities and mechanisms
overlooking their correct implementation are central during development and
throughout life[1-3]. For example, when part of liver tissue is lost (due to surgery or any
injury), residual hepatocytes are immediately alerted and awakened from their
quiescent state to enter cell cycle, divide and replenish the missing parenchyma.
Conversely, following liver hyperplasia a wave of hepatocyte deletion ensues upon
withdrawal of the inciting stimulus, until the original tissue mass is reinstated.
While the capacity to maintain stable tissue mass is remarkable, there is still more to
it. In fact, another layer of complexity has been added to the above mechanism
following the realization that quality control strategies are also at play to optimize cell
fitness in tissue composition. Thus, not only the number of cells in a given tissue is
constantly under control, but their functional efficiency is also monitored and actively
selected for in order to limit any time-dependent decline. One such strategy is cell
competition, consisting in the confrontation of homotypic cells with varying levels of
fitness and resulting in the elimination of the weaker (losers) carried out by the
stronger counterparts (winners). While primarily aimed at maintaining optimal
functional proficiency in cell populations of normal tissues, it has been suggested that
mechanisms driving cell competition can also be hijacked and exploited by preneoplastic and/or neoplastic cells to manifest their aggressive and dominant
phenotype[4]. The aim of this review is to discuss the possible role of cell competition
during hepato-carcinogenesis.

WHAT IS CELL COMPETITION
In its simplest definition, cell competition refers to a process whereby cells in a given
tissue, which would be otherwise viable and functional, are instead outcompeted and
cleared by the presence of a functionally more proficient population. The first report
describing a similar scenario dates back to the mid the 1970s and refers to the
elimination of Minute-mutant cells when confronted with wild type counterparts in the
imaginal disk of Drosophila melanogaster[5]. The Minute mutation affects ribosomal
protein genes and translates into a slower growth rate of heterozygous mutant cells.
Several other mutations were subsequently identified to induce a loser phenotype in
presence of wild type cells, including those involving basic cellular functions such as
tissue patterning, protein translation and cell signaling[6].
In an attempt to outline the boundaries of cell competition, a series of biological
features have been proposed to be associated with this phenomenon[7]. Firstly, cell
competition is context-dependent, i.e., the fate of each cell type, the winner and the
loser, results from their reciprocal interaction, be it direct or indirect; this is arguably
the single most relevant attribute of cell competition, as well as the most complex to
enact. Secondly, the winner cell proliferates following induction of cell death
(apoptosis) of the loser cell, i.e., the two opposite events are temporally and
mechanistically coordinated. As a corollary, biological forces driving cell competition
tend to maintain appropriate tissue size and pattern. Furthermore, interactions
conducive to cell competition occur within a relatively short range, being strongest at
the interface between winner and loser cells. Last but not least, cell competition is
restricted within defined developmental compartments[1], i.e., it occurs within discrete
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tissue boundaries that cannot be overridden by winner cells.
Within this definition, mechanism(s) governing cell competition are intertwined, at
least in part, with those overlooking the fine balance between cell gain and cell loss,
which in turn determine tissue size in any organ and organism[1,2]. Since alterations of
the latter mechanisms represent a hallmark of neoplastic disease, it is all the more
reasonable to propose that cancer cell populations may coopt strategies involving cell
competition in order to selectively emerge vis a vis the surrounding counterparts[8,9].

COMPETITION FOR WHAT
Cell competition can only occur when a critical degree of phenotypic heterogeneity is
present within a homotypic cell population; in addition, a limit must exist in the
availability of whatever resource these cells are competing for. Molecular analysis
carried out at the resolution of single cells has revealed that cell heterogeneity at
genetic and epigenetic levels is indeed far more pervasive than previously thought
even in normal adult tissues, raising the possibility that cell competition may not be a
rare phenomenon[6]. Cells can compete for nutrients, growth factors and ultimately
space, given the size constraints imposed on any tissue by homeostatic control
mechanisms[3].
A paradigmatic example in which the principle of cell competition is at play is the
process of antibody affinity maturation in lymphoid germinal centers[8,9].
Heterogeneity is generated through somatic hypermutation in the gene coding for the
B-cell receptor. The limited resource is represented by antigen availability: The lower
the antigen concentration, the higher the affinity of the resulting antibodies.
Lymphocytes are in fact positively selected through the binding of their mutated
receptor to antigen, which in turn is dictated by the degree of affinity of the former to
the latter. Lymphocytes that are unable to reach for antigen trough their receptor die
by apoptosis. Thus, the competitive fitness of B lymphocyte clones rests on their ability
to bind a rescuing or “trophic” factor, which is epitomized, in this case, by the
incoming antigen.
The above sequence of events is similar, in essence, to the one described in the
Minute-mutant of Drosophila wing imaginal disk referred to above, which is considered
as a classical model of cell competition. It was in fact proposed that in this system,
slow-growing Minute-mutant cells have a disadvantage in competing for a survival
signal, and this leads to increased expression of a pro-apoptotic cascade and final
clearance of mutants by wild type cells[10]. Parenthetically, it is important to point out
that the latter interpretation has been questioned by subsequent studies suggesting
that differences in growth rate per se between mutant and wild type cells are sufficient
to account for their unbalanced contribution to wing development, while cell
competition per se would not appear to play a major role in the process[5]. These
findings also indicate that a slower growth rate does not necessarily entail a loser
phenotype compared to faster homotypic counterparts, i.e., for cell competition to be
enforced other critical differences must be present.

WHAT IS CELL FITNESS
The latter consideration brings us to the core issues pertaining cell competition: What
parameters are measured between winner and loser cells to assess relative fitness and
how is this accomplished? We must acknowledge that only scattered information is
available so far to answer these questions. Given that evolutionary processes
(including cell competition) have selected over time for cells with better and better
functional proficiency, it follows that normal tissues are populated with cells with
near-optimal performing capacity. This in turn implies that any damage to any cell
will likely result in a decreased fitness, laying the basis for its clearance by neighboring
normal cells through cell competition[11-13]. Thus, any damage above a given threshold
can potentially trigger cell deletion. However, this is not a cell-autonomous process, as
postulated for the classical p53-dependend apoptosis elicited in response to DNA
damage[14]. Rather, it relies on the presence of surrounding cells and results from the
confrontation of different levels of cellular fitness, within the biological boundaries of
cell competition[15,16]. There is obviously a fundamental difference between these two
strategies leading to clearance of damaged cells. While cell-autonomous mechanisms
operate at single-cell level and do not take into account overall tissue function,
deletion of damaged cells via cell competition is only triggered when fitter cells are
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available and can possibly replace the ones that are lost. The latter consideration
supports the contention that cell competition is an integral part of regulatory networks
overlooking tissue maintenance and homeostasis[17,18]. Specific strategies to pursue this
goal can vary even in the same tissue during different developmental phases. In
mouse skin, the early embryonic epithelium is single-layered and loser cell disposal is
carried out through their direct phagocytosis by surrounding winner cells; however, as
the epidermis becomes stratified, loser cells are extruded from the basal layer along
the differentiation conveyor and are eventually shed out[19].
Sensing relative cellular fitness is therefore an essential step in the process of cell
competition[6]. One of the parameters that has emerged as relevant in this regard is the
expression of Myc protein[20-23]. Higher cellular levels of this transcription factor confer
a winner phenotype both during Drosophila development[20], in early mammalian
embryo[21,24-26] and in adult, post-mitotic tissues such heart[27]. Furthermore,
overexpression of Myc is associated with a super-competitor phenotype, which is able
to outcompete wild type cells[20]. Similar to Myc, other genes important for cell
anabolism have been implicated as triggers of cell competition, including those
involved in the Hippo, Wnt/Wingless, Ras/mitogen-activated protein kinases and
Janus kinase/signal transducers and activators of transcription (JAK/STAT)
pathways, among others[21]. Conversely, defects in genes implicated in the
determination of cell polarity and tissue patterning impose a loser phenotype on the
affected cells in presence of wild type counterparts[28,29].
So far, the best characterized direct sensor of cell fitness is the Flower system[30,31]. It
consists of three splice isoform proteins, Flowerubi, FlowerLoseA and FlowerLoseB and only
the former is expressed under steady state conditions. However, when cell fitness
decreases, expression of Flowerubi is down-regulated, while levels of both FlowerLoseA
and FlowerLoseB increase, generating what has been referred to as the “flower code”,
which targets cells for survival (Flowerubi) or apoptosis (FlowerLoseA and FlowerLoseB)
[23,24]
. Human Flower isoforms have recently been reported and evidence was presented
that a similar winner/loser code is also operative in human cells[32].

CELL COMPETITION IN THE LIVER
Virtually no information is available on the possible role of cell competition in the liver
during normal development and throughout post-natal life. However, a few studies,
mostly using cell transplantation systems, have indicated that hepatic tissue appears to
be susceptible to undergo this process. About 20 years ago, we proposed that a
mechanism consistent with cell competition was possibly involved in a newly
developed model of massive liver repopulation[33,34]. In this experimental system,
animals (rats) are treated with retrorsine, a naturally occurring pyrrolizidine alkaloid
that causes persistent DNA damage associated with a chronic mitotic block in targeted
hepatocytes. It is noteworthy that damaged hepatocytes are able to sustain normal
liver function and in fact retrorsine treated animals survive for up to 2 years[35].
However, the most intriguing finding was observed following cell transplantation.
When normal syngeneic hepatocytes were orthotopically delivered after treatment
with the alkaloid, they are able to massively replace endogenous parenchymal cells,
with greater that 90% repopulation at the end of the process[33]. It was suggested that
“the presence of normal transplanted cells may trigger selective deletion of RSdamaged resident hepatocytes, possibly through apoptosis”[33], a process that is fully
consistent with cell competition (Figure 1). A few years later, a study by Oertel et al[36]
proposed cell competition as the basis for the selective expansion of transplanted
normal embryonic hepatic cells in the liver of syngeneic adult rats[36], similar to results
obtained following transplantation of young adult hepatocytes in the liver of aged
recipients[37].
While common molecular pathways involved in cell competition were not
investigated under the above experimental conditions, biological coordinates of the
described phenomena support the hypothesis that liver repopulation by transplanted
hepatocytes is, at least in part, the outcome of a differential fitness comparison
between resident and donor-derived cells. Accordingly, a cell-autonomous decrease in
proliferative competitiveness was reported in aged vs young hepatocytes upon
transplantation in the same microenvironment in vivo[38].
If cell transplantation is not performed, a slow process of repopulation sustained by
endogenous hepatocytes occurs in rat liver exposed to RS, giving rise to regenerative
nodules[39,40]. A similar scenario has also been reported in the liver of patients affected
by type 1 tyrosinemia[41], the human counterpart of a well characterized mouse model
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Figure 1 Modes of canonical cell competition. A: Wild type cells (dark brown) are endowed with higher fitness (winner phenotype) compared to rare altered
cells (loser phenotype

of liver repopulation[42]. Whether cell competition is driving and/or contributing to
either or both processes is an intriguing possibility that remains to be explored.

CELL COMPETITION IN THE PATHOGENESIS OF CANCER
We are now back to the central question of this review: Is there a role for cell
completion in cancer and, more specifically, in liver carcinogenesis, From a molecular
standpoint, numerous pathways that have been proposed to have a role in cell
competition (summarized above) are also implicated in the pathogenesis of neoplastic
disease. It would appear therefore quite reasonable to expect that alterations in these
pathways might cause a defective control in the mechanisms of cell competition and,
almost inevitably, a parallel increase in the risk of cancer. As an example, the Myc
protein is often overexpressed in human cancer[43] and is also a known driver of cell
competition[7]. Accordingly, cells with up-regulated Myc can express a supercompetitor phenotype[23] and this could contribute, at least theoretically, towards a
neoplastic behavior[22].
However, the potential role of cell competition in the multistep process of neoplastic
development is far from being confined to situations of altered molecular control. In
fact, the emerging picture is that biological mechanisms underlying cell competition
under normal conditions are directly relevant to the pathogenesis of cancer from early
stages to advanced disease[4]. A compelling case is the extrusion of altered, potentially
pre-neoplastic cells from epithelia orchestrated by normal surrounding counterparts
and referred to as epithelial defense against cancer[12]. For example, normal cells were
able to induce Warburg-like metabolic changes in RasV12-transformed cells, leading to
their removal from mouse intestinal epithelium[11]. Similarly, cell competition by
normal cells is able to eliminate scrib mutant cells from Drosophila imaginal disk,
while in the absence of wild type counterparts mutant clones do not die and progress
to form tumors[29].
As one can predict, this protective strategy is not foolproof and, more to the point, it
can be altered in its efficiency by environmental influences. A recent study indicated
that removal of RasV12-transformed cells from mouse intestine was decreased
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following feeding a high fat diet (HFD), due to altered lipid metabolism and HFDinduced inflammatory changes; treatment with aspirin was able to mitigate HFD
negative effects on transformed cell clearance[44]. Similarly, hematopoietic stem and
progenitor cells expressing a mutant p53 displayed a growth advantage vs wild type
counterparts when transplanted in mice following exposure to mild irradiation, while
no such advantage was evident upon transplantation of the same cell populations in
untreated recipients[15]. Furthermore, we have proposed that aging is associated with a
generalized decrease in the efficiency of mechanisms overlooking maintenance of cell
fitness, possibly including cell competition[17,45,46]. In addition, specific genetic
alterations might be positively selected, as opposed to eliminated, under
environmental conditions favoring their phenotype. This could partly account for the
pervasive presence of aberrant clonal expansions in aged human tissues[47] and/or in
association with disease states such as ulcerative colitis[48,49]. It was shown that
organoids derived from ulcerative colitis patients are populated by genetically altered
cell clones that are adapted to an inflammatory microenvironment, i.e., they are fitter
to that environment compared with wild type intestinal cells[48,49]. Whether in these
instances cell competition is at play is an important question that remains to be
addressed. Relevant to this issue, a mechanistic association was reported between
alterations in intestinal barrier integrity, aging, dietary regimen and the efficiency of
cell competition[46].
Direct evidence that cell competition is indeed mechanistically exploited by cancer
cells during growth and metastatic spread was recently presented[32,50]. Human cancer
cells were shown to express the Flower code of a winner cell phenotype and inhibition
of the latter resulted in reduced tumor growth and increased response to
chemotherapy[32].

CELL COMPETITION IN LIVER CARCINOGENESIS
Given the limited amount of information available regarding the role of cell
competition in liver under normal conditions, it is not surprising that a similar
consideration also applies to the process of liver cancer development. Several years
ago we have pointed out the existence of intriguing analogies between the process of
liver repopulation by normal hepatocytes and carcinogenesis[34]. For example, several
of the available experimental models of massive liver repopulation are also prone to
develop neoplastic disease, including the RS-based model developed by our research
group and referred to above. Thus, pre-neoplastic hepatocytes grow and progress to
cancer upon transplantation into retrorsine treated rat liver, while the same cells are
unable to expand when delivered to normal untreated host[51]. As discussed above for
liver repopulation by transplanted normal hepatocytes, the biological coordinates of
this phenomenon suggest that cell competition might be involved (Figure 2)[27], albeit
formal proof of this linkage is not available yet.
Along these lines, an important step forward was the report by Moya et al[45], who
have studied the role of Hippo signaling pathway in the growth of primary liver
tumors and liver metastases from melanoma cells in mice. It was found that the
relative level of activation of Hippo pathway in normal surrounding vs tumor cells
was critical in determining the growth rate of the latter; specifically, inhibition of this
pathway in peritumoral cells increased proliferation in nodular lesions, while tumors
regressed when Hippo activity was up-regulated in surrounding normal tissue. In
addition, tumor survival in wild type mice was dependent on the presence of an active
Hippo pathway in cancer cells, while the activity of the pathway was dispensable
when tumors were growing in a Hippo-deficient liver background[52]. These findings
were interpreted to suggest that Hippo pathway-driven cell competition is an
important determinant in controlling the growth of (pre)-neoplastic cell populations in
the liver. It is intriguing to note that Hippo pathway activity was also shown to be
essential for the maintenance of the differentiated state in hepatocytes and its
inhibition correlated with the appearance of a progenitor cell phenotype[53].

CONCLUSION
Cell competition has emerged as an important quality control mechanism overlooking
tissue functional proficiency during development and in post-natal life. In essence,
such mechanisms entails the elimination and replacement of a less fit (loser) cell
population by a fitter cell type (winner). Evidence is also accruing that this process
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Figure 2 Liver repopulation and liver carcinogenesis. Top: In the context of persistent, widespread tissue damage, transplanted homotypic cells with
normal fitness (dark brown) can outcompete resident damaged cells (light brown) and slowly repopulate nearly the entire tissue, without exceeding tissue boundaries.
However, in the absence of normal transplanted hepatocytes, endogenous cells persist for at least several months; Bottom: In a similar context of persistent,
widespread tissue damage, transplanted homotypic cells with normal fitness and with a pre-neoplastic phenotype (dark yellow) can outcompete resident damaged
cells and form hepatic nodules that progress to cancer. The same pre-neoplastic cells do not grow following transplantation in a context of normal cell fitness in vivo
(see text for details).

might be involved in the pathogenesis of neoplastic disease at different steps. On one
side of the coin is the first and possibly firmest conclusion so far, i.e., cell competition
protects from the risk of cancer via identification and purging of single altered cells
expressing a loser code, which flags a decreased fitness relative to surrounding
counterparts. On the other hand, several studies suggest that the winner/loser code
associated with cell competition can be exploited or hijacked by (pre)-cancerous cell
populations to outcompete normal neighbors in the same tissue, thereby fueling their
progression towards increasing malignancy. The prototypic example of such scenario
is the super-competitor phenotype of Myc-overexpressing cells, which can be a winner
phenotype over wild type cells. However, this apparently straightforward sequence of
events appears difficult to reconcile with the defining biological features of cell
competition, as it was aptly pointed out long ago[23]. A critical attribute of cell
competition is in fact that it operates within discrete tissue boundaries that cannot be
overridden by winner cells (see above). Thus, any cell type engaging in this process
should stop expanding once the appropriate tissue compartment has been fully
replenished, and this is also the case for the Myc super-competitor phenotype[1,21].
However, cancer cells do not obey these rules and their growth beyond set
compartmental boundaries cannot be explained by cell competition per se (Figure 2).
Stated otherwise, while canonical cell competition occurs within tissue homeostatic
control mechanisms, the type of cell competition engaged by neoplastic cell
populations is clearly outside such boundaries and is the expression of an eminently
selfish phenotype[54,55].
A second feature of canonical cell competition which appears at odds with the
phenotype of cancer cells is the type of cell interaction that is required to define
relative fitness and hence the winner vs loser cell fate. According to the currently
accepted paradigm, cell competition occurs among homotypic cells, in that it compares
fitness levels within a cell population performing the same function in a tissue. By
contrast, it is almost axiomatic that cancer cells have often departed significantly from
the phenotype of the tissue of origin, including its functional proficiency. Therefore, a
comparison of cell fitness between neoplastic cells and their normal tissue
counterparts would likely favor survival of the latter, not the former.
Based on the above considerations, we propose that canonical cell competition is
possibly involved in the initial stages of carcinogenesis leading, to discrete clonal
expansions which are still within tissue homeostatic control[56]. However, the
molecular machinery of cell competition may be co-opted by overtly neoplastic cell
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populations endowed with additional phenotypic features to sustain their
uncontrolled growth.
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Abstract
In recent years, significant progress in the antiviral treatment of chronic hepatitis
C (CHC) has been made due to the development of interferon-free therapies.
Three different highly effective, oral direct-acting antiviral (DAA) regimens have
been approved for use in adolescents with CHC between the ages of 12-years-old
and 17-years-old in Europe. According to the current recommendations, all
treatment-naïve and treatment-experienced children with CHC virus infection
should be considered for DAA therapy to prevent the possible progression of
hepatitis C virus-related liver disease and its complications. However, the novel
coronavirus disease 2019 outbreak, which was classified as a pandemic in March
2020, is currently spreading throughout the world, resulting in a disruption of the
healthcare system. This disruption is having a negative impact on the care of
patients with chronic diseases, including children with CHC. Thus, several efforts
have to be made by pediatric hepatologists to prioritize patient care in children
with CHC. These efforts include promoting telemedicine in the outpatient setting,
using local laboratory testing for follow-up visits, and engaging in the home
delivery of DAAs for patients under antiviral therapy whenever possible.
Key words: Children; Chronic hepatitis C; COVID-19; Direct-acting antiviral; Hepatitis C
virus
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The novel coronavirus disease 2019 outbreak, classified as a pandemic, is
currently spreading throughout the world, resulting in a disruption of the healthcare
system. This disruption is having a negative impact on the care of patients with chronic
diseases, including children with chronic hepatitis C. In this review, we describe several
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efforts that have to be made by pediatric hepatologists to prioritize patient care in children
with chronic hepatitis C. They include promoting telemedicine in the outpatient setting,
using local laboratory testing for follow-up visits, and engaging in the home delivery of
drugs for patients under antiviral therapy whenever possible.
Citation: Pokorska-Śpiewak M, Śpiewak M. Management of hepatitis C in children and
adolescents during COVID-19 pandemic. World J Hepatol 2020; 12(8): 485-492
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/485.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.485

INTRODUCTION
Hepatitis C virus (HCV) infection is considered a major cause of liver-related mortality
and morbidity worldwide, rendering it an important public health problem[1,2]. It is
estimated by the World Health Organization (WHO) that 71 million people [95%
confidence interval (CI): 64-103 million] are infected with HCV globally, which
represents approximately 1% of the population[1,3]. The prevalence of HCV infection in
children aged 1-year-old to 19-years-old is 0.15%, corresponding to 3.5 million people
(95%CI: 3.1-3.9 million)[1,4]. However, since major gaps in our current knowledge on the
epidemiology of chronic hepatitis C (CHC) exist in both adults and children, most
HCV-infected people are unaware of their infection[1]. Thus, the true prevalence of
HCV infection in children and adolescents might be underestimated[5]. In 2016, the
WHO released a global health sector strategy for eliminating viral hepatitis by 2030
that includes global and country-wide targets for the testing, treatment, and
prevention of CHC[6].
Chronic HCV infection leads to a progressive disease, with 10%-20% of infected
patients developing cirrhosis and approximately 7% of adult patients with cirrhosis
progressing to hepatocellular carcinoma[7,8]. Data reporting liver disease progression in
the pediatric population infected with HCV are limited[9]. This progression is usually
described as a mild disease in children and adolescents; however, severe cases have
also been described occasionally[9-12]. Liver fibrosis and inflammation in children
suffering from CHC is a time-dependent process, with approximately 2% of infected
children developing advanced liver disease during childhood[13-16]. In the case of
vertical HCV transmission, the progression of liver disease may occur at a younger age
than in children infected horizontally in the later years of life, resulting in severe liver
disease in their teens or in young adulthood[9,17]. Thus, effective antiviral treatment in
children with CHC could prevent the development of end-stage liver disease,
cirrhosis, and hepatocellular carcinoma in young adults.

MANAGEMENT OF HCV INFECTION IN CHILDREN AND ADOLESCENTS
Since 2015, the development and approval of novel, oral, interferon-free, antiviral
treatment with direct-acting antivirals (DAAs) has substantially improved the
treatment of HCV infection[18,19]. With an efficacy approaching 100% and a short
duration of therapy, DAAs are a highly effective, safe, and well-tolerated alternative
for previously used therapies based on interferons[18,19]. Currently, approximately 10
different DAA combinations have been approved for use in adults, increasing the
prospect of HCV elimination on a population level[1,18]. However, treatment options
based on DAA for children are currently limited[1,18]. Only three DAA regimens have
been approved for use in adolescents by the European Medicines Agency (EMA) in
Europe[1,20-24] (Table 1). The first DAA regimens, a fixed-dose combination of
sofosbuvir/ledipasvir and sofosbuvir with ribavirin, were approved by the EMA in
2017 for use in adolescents between 12-years-old and 17-years-old with CHC[20,25]. The
first regimen with pangenotypic activity, i.e. glecaprevir/pibrentasvir, was approved
by the EMA in 2019 for adolescents aged 12-years-old to 17-years-old[24]. In addition, in
2019, the United States Food and Drug Administration (FDA) approved
sofosbuvir/ledipasvir and sofosbuvir with ribavirin for use in children between 3years-old and 11-years-old, and in March 2020, the FDA approved another
pangenotypic combination, i.e. sofosbuvir/velpatasvir, for the treatment of chronic
HCV patients as young as 6 years of age or weighing at least 17 kg[26-28]. However, the
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Table 1 Direct-acting antivirals approved for adolescents aged 12 to 17 years in Europe (May 2020)[20,22-24]
Direct-acting antivirals regimen
(doses per d)

Hepatitis C virus
genotype

Sofosbuvir/ledipasvir (400/90 mg)

1

Sofosbuvir + ribavirin (400 mg + 15
mg/kg)

Duration of
treatment in wk

Patients
Treatment-naïve with or without cirrhosis or treatmentexperienced without cirrhosis

12

Treatment-experienced with cirrhosis

24

4, 5, 6

Treatment-naïve or treatment-experienced, with or without
cirrhosis

12

2

Treatment-naïve or treatment-experienced, with or without
cirrhosis

12

3
Glecaprevir/pibrentasvir (300/120 mg)

24

All genotypes

Without cirrhosis

8

All genotypes

With cirrhosis

12

3

Treatment experienced

16

FDA approvals are not applicable in Europe. According to the current
recommendations, all treatment-naïve and treatment-experienced children with CHC
virus infection should be considered for DAA therapy to prevent the possible
progression of HCV-related liver disease and its complications[20,21]. In children
younger than 12-years-old with CHC, antiviral treatment should be deferred until
interferon-free regimens are available[21]. Since liver disease in HCV-infected children
is usually mild, and they rarely have comorbidities or take medicines posing potential
risk for drug interactions, pediatric patients seem to be ideal candidates for DAA
treatment. However, treatment options for children in many regions are currently
limited[1]. Due to the high costs of DAAs, very few countries have implemented
recommendations for CHC treatment in adolescents in their national policies[1]. In
addition, there are no approved treatment options for children younger than 12-yearsold in Europe. Thus, only a small number of children and adolescents with CHC have
been treated globally, especially in low- and middle-income countries[1]. Considering
the positive results from the clinical trials on DAA efficacy and safety, the first real-life
therapeutic programs for pediatric patients infected with HCV based on DAAs were
launched in Europe in 2019.

CORONAVIRUS DISEASE 2019 AND THE LIVER
Since the end of 2019, a novel severe acute respiratory syndrome coronavirus (SARSCoV-2) has caused an outbreak of coronavirus disease 2019 (COVID-19), resulting in
an emerging global threat rapidly spreading throughout the world[29,30]. On March 11,
2020, the WHO declared the COVID-19 a pandemic[31]. In March 2020, the epicenter of
the pandemic moved from China to the United States and Europe. Children seem to be
less likely to be affected by the disease. According to the available data, the proportion
of children among all infected patients ranged between 0.6% and 5.2% in different
regions[32-34]. The clinical course of COVID-19 in children seems to be less severe than
that in adults, with fewer clinical symptoms and case-fatality rates close to 0%[29,30].
In general, patients with pre-existing morbidities are at higher risk of a severe
course of COVID-19, however, liver disease was not specifically listed in the published
studies so far[35]. It is possible that patients with advanced liver disease are at increased
risk of SARS-CoV-2 infection due to cirrhosis-induced immunodeficiency[36]. On the
other hand, immunosuppression might provide some protection against cytokine
storms, which contribute to multiorgan failure associated with COVID-19[37,38]. Patients
with chronic liver disease including cirrhosis may be at higher risk of death resulting
from COVID-19, but risk factors in specific liver diseases have not been defined[39]. It
was revealed that SARS-CoV-2, similarly to SARS-CoV, uses angiotensin-converting
enzyme 2 as its entry receptor[40]. Both liver and bile duct cells express angiotensinconverting enzyme 2. Thus, the liver is a potential target for SARS-COV-2
infection[39,40]. It results in liver injury, which is observed in 15% to 58% of patients,
more commonly in severe COVID-19 cases[39,40]. The incidence of liver disease in death
cases of COVID-19 was as high as 58% to 78%[40]. Liver disease manifests mainly with
elevated aminotransferase levels and/or slightly elevated bilirubin level[39,40]. Liver
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injury is usually transient and does not require specific treatment[39].
Severe liver injury as a result of SARS-CoV-2 infection is uncommon in pediatric
patients. In the rare cases of severe COVID-19 in children, increase in aminotransferase
level was only mild (not exceeding 2 × upper limit of normal)[39]. There are only limited
data on SARS-CoV-2 infection in patients with chronic viral hepatitis[35]. Thus, it
remains unknown whether patients with chronic viral hepatitis B and/or C are more
susceptible to liver injury from SARS-CoV-2[39]. Observations from China suggest that
chronic hepatitis B does not affect the outcome of COVID-19[41]. No case of SARS-CoV2 infection has been described among pediatric patients with CHC; however, the
impact of the COVID-19 pandemic on the management of patients with chronic HCV
infection is significant, with several aspects requiring attention[35].

MANAGEMENT OF PEDIATRIC PATIENTS WITH CHRONIC HEPATITIS
DURING THE COVID-19 PANDEMIC
The COVID-19 pandemic has led to the disruption of the healthcare system. This
disruption has had a negative impact on the care of patients with chronic diseases,
including children with CHC, which may not only pose a risk for individual patients
but also have a negative influence on viral hepatitis elimination programs[42]. The
treatment and management of patients with HCV infection is influenced by closing
clinics and avoiding nonemergent visits[42]. In many cases, DAA therapies in children
are conducted in infectious disease departments, which are now on the front line of
fighting the pandemic. This change of focus may result in a reduction in both the
diagnosis and treatment rates of hepatitis patients[42]. It is essential to maintain the care
of children with CHC and to find potential methods to prioritize the care of these
patients despite the limited healthcare resources[35]. This may be achieved by adapting
to the unique logistical and pharmacological issues caused by the pandemic[39]. Recent
recommendations from the European Association for the Study of the Liver-European
Society of Clinical Microbiology and Infectious Diseases and the American Association
for the Study of Liver Diseases Expert Panel consensus statement on the care of patents
with liver disease during the COVID-19 pandemic may also be useful for pediatricians
caring for children with CHC[35,39].
The most important issue is that both patients and medical staff should avoid SARSCoV-2 exposure and infection. The precise management of the patients depends
mostly on the local COVID-19 burden[35]. It is essential to educate the patients on risk
and precaution on COVID-19, especially in cases complicated by cirrhosis or end-stage
liver disease, when the risk of severe course of COVID-19 exists[39]. In most regions,
physical distancing and avoiding direct face-to-face contact have been officially
implemented. Thus, all patients suffering from chronic liver diseases should adhere to
these common rules[35]. Visits to outpatient or inpatient clinics should be avoided
unless necessary. Since in most cases children with CHC present with mild disease
and are in stable, good condition, visits to hepatological clinics are not essential and
may be postponed. In case of patients already on DAA treatment, therapy should be
continued[39]. It is reasonable to use telemedicine for follow-up visits in patients under
antiviral treatment and to send them prescriptions by e-mail or organize a home
delivery of DAAs, as appropriate. Routine laboratory testing may be performed in a
local laboratory through primary care physicians only in cases when it is truly
necessary. Collaboration between hepatologists and local health care providers and
primary care physicians is essential for further management of patients during
pandemics. Whenever possible, liver-related diagnostic procedures (e.g., ultrasound,
elastography, or liver biopsy if required) should be avoided unless they are likely to
change management. In addition, an inclusion of the patients in the clinical trials
should be deferred. While planning DAA treatment, its priority should be determined.
In patients with stable CHC, therapy may be safely postponed to after COVID-19
pandemic. However, in selected cases with known advanced liver disease (e.g., with
significant fibrosis: Liver stiffness measurement > 7 kPa) or in patients with human
immunodeficiency virus coinfection, decision on starting therapy despite COVID-19
pandemic should be considered. If a visit to an outpatient clinic is needed, standard
operating procedures should be adopted, e.g., separation from patients suspected for
COVID-19, remodeling of waiting areas, keeping distance between patients, reduction
of waiting times, and minimizing exposure to the medical staff[35]. The number of
family members who accompany patients to their visits should be limited to one
healthy parent or guardian[39]. All patients should be screened for symptoms of
COVID-19 (e.g., fever, cough, shortness of breath, sore throat, rhinitis), and their
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temperature should be checked as they enter the clinical space[39]. There are currently
no specific recommendations on screening for SARS-COV-2 infection in patients with
CHC. As in individuals without HCV infection, children with CHC should be tested
for COVID-19 in case of the presence of clinical symptoms suggesting the SARS-CoV-2
infection or having household contact with an infected family member. Our
unpublished observations of over 100 pediatric patients with COVID-19 suggest that
children usually acquire infection from infected close relatives. Thus, family history
should be assessed in order to stratify the risk of the SARS-CoV-2 infection. In
addition, testing should be considered in patients requiring hospitalization in order to
reduce a risk of spreading the infection by an asymptomatic person in the hospital
setting. Recommendations for the management of pediatric patients with CHC are
summarized in Table 2.
Despite the fact that CHC does not seem to increase the risk of a severe course of
COVID-19, in case of coinfection, an early admission and inclusion to the experimental
antiviral therapy of COVID-19 should be considered, following local
recommendations[35]. Interestingly, one of the DAAs, sofosbuvir alone or in
combination with ribavirin, has been suggested for the experimental treatment of
COVID-19[35,43]. In all hospitalized COVID-19 patients, regular monitoring of
aminotransferase levels is recommended, particularly in cases treated with
tocilizumab or remdesivir, due to their hepatotoxicity[39]. As COVID-19 is only rarely
associated with elevated liver enzymes in children, all pediatric patients with high
aminotransferase levels during the SARS-CoV-2 infection should be evaluated for
other etiologies and underlying liver diseases, including hepatitis A, B, or C and druginduced liver injury[39].

CONCLUSION
The open issue is how this COVID-19 pandemic will influence diagnostic and
treatment strategies regarding CHC and its elimination program. Despite the special
attention required by the COVID-19 pandemic, we should not forget about other
diseases and chronically ill patients, including viral hepatitis. Several efforts have to be
made by pediatric hepatologists to prioritize patient care in children with CHC and to
avoid regression regarding programs leading to HCV elimination.
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Table 2 Recommendations for the management of pediatric patients with chronic hepatitis C virus infection during the coronavirus
disease 2019 pandemic[35,39]
Management

Recommendation

Physical distancing

Recommended

Patient education on risk and precaution on Recommended
COVID-19
Testing for severe acute respiratory
syndrome coronavirus infection

Recommended in patients with clinical symptoms suggesting COVID-19, or with household contact with an
infected family member, or requiring hospitalization

Visits to specialized centers

Should be postponed

Routine laboratory testing

Should be performed (only if truly necessary) locally/offsite

Direct-acting antiviral therapy already
initiated

Should be continued

Starting direct-acting antiviral treatment

May be postponed in patients with stable chronic hepatitis C. If possible, it should be considered in patients
with significant fibrosis or human immunodeficiency virus/hepatitis C virus coinfection

Telemedicine/visits by phone

Recommended instead of face-to-face visits whenever possible

Drug supply

Home delivery or sending prescriptions by e-mail

Liver-related diagnostic procedures

Should be deferred unless they are likely to change management

COVID-19: Coronavirus disease 2019.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the predominant cause of chronic
liver disease worldwide. NAFLD progresses in some cases to non-alcoholic
steatohepatitis (NASH), which is characterized, in addition to liver fat deposition,
by hepatocyte ballooning, inflammation and liver fibrosis, and in some cases may
lead to hepatocellular carcinoma. NAFLD prevalence increases along with the
rising incidence of type 2 diabetes mellitus (T2DM). Currently, lifestyle
interventions and weight loss are used as the major therapeutic strategy in the
vast majority of patients with NAFLD. Glucagon-like peptide-1 receptor agonists
(GLP-1RAs) are used in the management of T2DM and do not have major side
effects like hypoglycemia. In patients with NAFLD, the GLP-1 receptor
production is down-regulated. Recently, several animal and human studies have
emphasized the role of GLP-1RAs in ameliorating liver fat accumulation,
alleviating the inflammatory environment and preventing NAFLD progression to
NASH. In this review, we summarize the updated literature data on the beneficial
effects of GLP-1RAs in NAFLD/NASH. Finally, as GLP-1RAs seem to be an
attractive therapeutic option for T2DM patients with concomitant NAFLD, we
discuss whether GLP-1RAs should represent the first line pharmacotherapy for
these patients.
Key words: Glucagon-like peptide-1 receptor agonists; Non-alcoholic fatty liver disease;
Type 2 diabetes mellitus; Clinical studies; Fatty liver; Animal studies
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Core tip: The strong relationship between non-alcoholic fatty liver disease (NAFLD) and
type 2 diabetes mellitus points to a need to evaluate the therapeutic potential of
antidiabetic drugs in patients with NAFLD. Accordingly, glucagon-like peptide-1 receptor
agonists, which are well-tolerated antidiabetic agents with no risk of hypoglycemia, seem
to be a very appealing therapeutic option for type 2 diabetes mellitus patients with
NAFLD. Herein, based on data from animal studies and clinical trials, we discuss the
beneficial impact of glucagon-like peptide-1 receptor agonists on NAFLD.
Citation: Sofogianni A, Filippidis A, Chrysavgis L, Tziomalos K, Cholongitas E. Glucagon-like
peptide-1 receptor agonists in non-alcoholic fatty liver disease: An update. World J Hepatol
2020; 12(8): 493-505
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/493.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.493

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic liver
diseases, affecting approximately one third of the population globally[1]. It includes a
wide spectrum of clinical presentations, from isolated fat accumulation in the liver to
inflammation and fibrosis [i.e., non-alcoholic steatohepatitis (NASH)], cirrhosis and
hepatocellular carcinoma[2]. NAFLD is inextricably linked to major comorbidities of the
metabolic syndrome, including obesity, insulin resistance, type 2 diabetes mellitus
(T2DM) and dyslipidemia[3]. In addition, various metabolism disorders, including
thyroid dysfunction, are associated with the occurrence of NAFLD. Of note, thyroid
hormones are of cardinal importance in regulating fat deposition and insulin
resistance as well as lipid and carbohydrate metabolism, thereby contributing to
NAFLD/NASH modification[4,5].
Hypothyroidism has been suggested as an independent risk factor for
NAFLD/NASH development in both adult and children/adolescent population.
Moreover, the inconsistent findings on current literature regarding the association
between NAFLD and free thyroid hormones (free triiodothyronine and free thyroxine)
may indicate a key role for thyroid-stimulating hormone in NAFLD onset and
progression, independently of free triiodothyronine and free thyroxine[4]. The
increasing prevalence of NAFLD in combination with its severe complications
underlines the need for effective and safe treatments. Presently, diet and lifestyle
changes are the main treatment options for NAFLD, whereas vitamin E and
pioglitazone have limited application, mostly in non-diabetic patients[6].
Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are used for the treatment of
T2DM[7]. This class includes exenatide, lixisenatide, liraglutide, albiglutide,
semaglutide and dulaglutide[8]. GLP-1RAs are divided into short- and long-acting[8].
The former include exenatide and lixisenatide, whereas the latter include liraglutide,
albiglutide, dulaglutide, semaglutide and once weekly exenatide[8]. GLP-1 receptors
are expressed mainly in the pancreas but are also present in the brain, adipose tissue,
muscles, heart, kidney, lung, stomach and hepatocytes[7,9,10]. Their primary actions are
the stimulation of insulin secretion and the reduction of glucagon secretion[7]. In
patients with T2DM, they reduce hemoglobin A1c (HbA1c) levels by approximately
1.5% without the risk of hypoglycemia[8]. Their main side effects are nausea and
vomiting[8]. Interestingly, the production of GLP-1 is reduced in patients with
NAFLD[11].
Accumulating data suggest that GLP-1RAs improve liver histology in patients with
NAFLD. In the present review, we discuss the role of these agents in the management
of NAFLD.

LITERATURE RESEARCH
We systematically reviewed the literature in the PubMed database up to December
2019. The following search terms were used: ”(GLP-1 receptor agonists OR glucagonlike peptide-1 agonists OR glucagon-like peptide-1 analogues OR GLP-1 analogues OR
liraglutide OR exenatide OR semaglutide OR dulaglutide OR lixisenatide OR
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albiglutide) AND (NASH OR NAFLD OR non-alcoholic fatty liver disease OR fatty
liver disease OR non-alcoholic steatohepatitis).

EXENATIDE
Effects of exenatide in animal models of NAFLD
Several studies reported beneficial effects of exenatide in animal models of NAFLD,
and a variety of mechanisms appear to underpin these effects. First, exenatide appears
to reduce intrahepatic oxidative stress. Indeed, in rats, administration of exendin-4
resulted in an increase in glutathione levels, which in turn reduced oxidative stress[12].
A reduction of the hepatic expression of receptors for advanced glycation endproducts also appears to contribute to the antioxidant effects of exenatide[13].
Αn improvement in insulin resistance also may play a role in the improvement of
hepatic steatosis during exenatide treatment. In rats, administration of exendin-4
resulted in an increase in cystathionine beta synthase, which resulted in a reduction in
insulin resistance[12]. Treatment with exendin-4 also results in an increase of
adiponectin levels, which again improves insulin sensitivity[14,15]. In contrast, levels of
visfatin, which appears to play a role in insulin resistance, were reduced after
treatment with exenatide[15]. Exenatide also improves insulin sensitivity by increasing
peroxisome proliferator-activated receptor (PPAR)-γ activity[16].
Exenatide exerts anti-inflammatory effects, which contribute to the improvement in
hepatic histology in NAFLD. Accordingly, exenatide was shown to inhibit the NLRP3
inflammasome by enhancing the autophagy/mitophagy pathway[17]. In another study
in mice, administration of exendin-4 for 4 wk reduced inflammation both in the liver
and in the vascular, wall as shown by a decreased accumulation of monocytes and
macrophages and a reduced recruitment of oxidized LDL, which correlated with
reduced formation of foam cells[18]. Kawaguchi et al[19] reported that mice treated with
exendin-4 had a lower NAFLD activity score compared with mice that received
saline[19]. This beneficial effect was mediated by an inhibition of the action of Δ-5desaturase, which resulted in a reduction of pro-inflammatory eicosanoids and an
increase in dihomo-γ-linolenic acid and anti-inflammatory eicosanoids[19].
Another important mechanism implicated in the reduction of hepatic fat
accumulation during exenatide treatment is the amelioration of hepatic lipid
metabolism. Exenatide was shown to suppress hepatic very-low density lipoprotein
(VLDL) production, resulting in improvement of hepatic steatosis[20]. Mice treated with
exendin-4 showed an increased expression of acyl-CoA oxidase and medium chain
acyl-coenzyme A dehydrogenase, which are both related to β-oxidation[9]. In addition,
the expression of several enzymes participating in hepatic lipid metabolism, including
sirtuin-1, phospho-5’ adenosine monophosphate-activated protein kinase, phosphoFoxo1 and glucose transporter 2, was also up-regulated during exendin-4 treatment[9].
On the other hand, the levels of modulators of hepatic lipogenesis such as sterol
regulatory element-binding protein-1c (SREBP-1c) and stearoyl CoA desaturase-1
mRNA were decreased[9]. Exenatide-induced up-regulation of sirtuin also increases
fibroblast growth factor-1 activity, which is another important regulator of hepatic
lipid metabolism[21]. During treatment with exenatide, enzymes related to hepatic
lipogenesis, including ACC, stearoyl CoA desaturase-1 and SREBP-1c are downregulated whereas enzymes participating in β-oxidation, including PPARa and fatty
acyl-CoA oxidase, are up-regulated[14].
Yamamoto et al[22] randomly assigned male db/db non-obese NASH mice to
methionine-choline sufficient diet or methionine-choline deficient diet (MCD), a wellestablished inductor of hepatic steatosis and inflammation, plus exendin-4 (20 μg/kg
per day intraperitoneally) or MCD plus saline for 4 or 8 wk[22]. Exendin-4
administration significantly ameliorated both the MCD-induced oil red O-positive
area, an index of hepatic fat deposition, and the liver triglyceride content in the MCD
plus exendin-4 group compared to the saline group at 4 and 8 wk through suppression
of FATP4, which plays a role in hepatic free fatty acid uptake[22]. In addition, exendin-4
administration led to significant decreased mRNA expression of SREBP-1c, a gene
responsible for free fatty acid production in MCD-fed mice at 4 and 8 wk, along with
markedly reduced serum alanine transaminase (ALT) levels at 8, but not at 4 wk, in
the same group[22]. Of note, exendin-4 therapy attenuated the increased, by MCD,
hepatic mRNA expression levels of inflammation-related genes such as tumor necrosis
factor-α, monocyte chemotactic protein-1 and cc-chemokine receptor 2 and also
decreased insulin levels and homeostasis model assessment of insulin resistance[22].
In rabbits, treatment with exenatide decreased the expression of fat mass and
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obesity-associated gene (FTO), which is associated with both lipogenesis and oxidative
stress[23]. In another study, treatment with exenatide improved histological features of
NAFLD through enhancing the action of PPARa, which is another key regulator of
fatty acid β-oxidation[16]. In mice, exendin-4 reduced VLDL-triglycerides and VLDLApoB, inhibited the expression of Srebp-1c, Fasn and Dgat1, which participate in
hepatic lipogenesis, and down-regulated the genes Acox1 and Cpt1α, which play a role
in fatty acid oxidation[20].
Endoplasmic reticulum (ER) stress appears to play an important role in the
pathogenesis of hepatic steatosis, and exenatide was shown to alleviate ER stress by
enhancing the sirtuin 1/heat shock factor 1/heat shock protein pathway[24,25].
Treatment of mice with exenatide was also shown to improve mitochondrial lipid
metabolism, which in turn resulted in decreased steatosis[26]. Exenatide also activates
the phophoinositide 3-kinase/Akt pathway, which might improve liver histology in
NAFLD through the regeneration of hepatocytes[23].
In addition to these effects of exenatide on the liver, an enhancement of lipid
catabolism in the adipose tissue during treatment with this agent also appears to
ameliorate hepatic steatosis by decreasing free fatty acid influx into the liver[27].
Interestingly, it has been recently reported that co-agonists of GLP-1 and glucagon
receptor ameliorate hepatic steatosis and inflammation more than GLP-1 agonists
alone[28]. The concomitant administration of exendin-4 and glucokinase activator in
mice also resulted in a reduction of liver steatosis, liver weight, intrahepatic
triglyceride levels and serum ALT levels[29].

Effects of exenatide in clinical studies of NAFLD
It is of interest whether data from animal studies can be translated into humans, in
order to clarify the beneficial impact of GLP-1RAs on human NAFLD (Table 1). In
particular, in a study by Gastaldelli et al[30], 15 males with newly diagnosed T2DM or
impaired glucose tolerance were randomized to receive exenatide or placebo, each
therapy on two sessions with random order, 30 min before the performance of an oral
glucose tolerance test (OGTT)[30]. Adipose tissue glucose uptake, hepatic glucose
uptake, hepatic glucose production and oral glucose absorption were assessed by
positron emission tomography scan[30]. Exenatide, compared to placebo, markedly
reduced oral glycose absorption and hepatic glycose production, resulting in minimal
change in glucose serum concentration during the 2-h OGTT. In addition, treatment
with exenatide reduced hepatic and adipose tissue insulin resistance and increased
hepatic glucose uptake compared with placebo resulting in postprandial
euglycemia[30]. The aforementioned findings were observed despite a decrease in
insulin levels by exenatide compared with placebo[30].
In addition, a prospective randomized trial was conducted in order to clarify the
effect of exenatide on ectopic fat accumulation[31]. Forty four obese patients with
inadequately controlled T2DM were randomized to receive either exenatide (5 μg
twice daily for 4 wk, followed by 10 μg twice daily for 22 wk) or reference antidiabetic
treatment according to French guidelines[31]. Patients’ hepatic, myocardial and
pancreatic triglyceride content as well as epicardial adipose tissue were assessed by
magnetic resonance imaging and magnetic resonance spectrometry (MRS) at baseline
and after 26 wk of treatment[31]. In the exenatide group compared with the reference
group, anthropometric parameters such as body weight, waist, thigh and hip
circumference and laboratory values, such as fasting plasma insulin, total cholesterol
and palmitoleic acid plasma levels, were decreased[31]. Moreover, a significant
reduction in epicardial adipose tissue mass and liver fat content was observed in the
exenatide compared with the reference group, and both correlated with weight loss[31].
In an open-label, parallel-group, uncontrolled, 6-mo study, the effect of exenatide on
hepatic fat accumulation and liver enzymes was evaluated[32]. One hundred and
twenty five patients with T2DM were divided into two groups: The first group
received exenatide (10 μg twice daily) alone or in combination with other oral
antidiabetic drugs while the second group received oral antidiabetic drugs without
exenatide for 6 mos[32]. At the end of follow-up, group 1, compared with group 2, had
reduced values of body mass index, waist circumference, alkaline phosphatase, ALT
and intrahepatic fat accumulation (calculated by the fatty liver index)[32].
Of note, in a small prospective study, 25 obese patients with NAFLD and
inadequately-controlled T2DM despite treatment with metformin and sulphonylureas
or dipeptidyl-peptidase-IV inhibitors, received GLP-1RA (exenatide in 19 patients and
liraglutide in six patients) for a period of 6 mo[33]. At the end of the study, GLP-1RA
treatment resulted in a 7%-11% reduction in abdominal visceral adipose tissue and
subcutaneous adipose tissue, while HbA1c, ALT and γ-glutamyl-transferase (γGT)
levels improved along with a marked increase in serum adiponectin levels[33]. In
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Table 1 Characteristics and outcomes of clinical studies that evaluated the effects of exenatide, lisixenatide and dulaglutide on non-alcoholic fatty liver disease
Ref.

Type of study, country Number of patients

Treatment

Effects on NAFLD

Randomized double-blind 15
vs placebo/Pisa, Italy

Exenatide 5 μg vs placebo 30 min before a 75-g OGTT

Exenatide significantly ameliorated oral glucose absorption, hepatic glucose production,
hepatic and adipose tissue insulin resistance, reduced insulin levels and increased hepatic
glucose uptake

Dutour et al[31],
2016

Prospective randomized
trial, France

44

Exenatide 5 μg twice daily for 4 wk, followed by 10 μg twice
daily for additional 22 wk vs reference antidiabetic treatment
according to French guidelines

Exenatide markedly reduced body weight, waist, thigh, hip circumference, fasting plasma
insulin, total cholesterol and palmitoleic acid plasma levels

Blaslov et al[32],
2014

Open label parallelgroup, uncontrolled
study, Croatia

125

Exenatide (10 μg twice daily) on its own or in combination with
other oral antidiabetic drugs vs other oral antidiabetic drugs
without exenatide for 6 mo

Exenatide remarkably attenuated body mass index, waist circumference, ALP, ALT,
intrahepatic fat accumulation assessed by fatty liver index

Cuthbertson
et al[33], 2012

Prospective study, United
Kingdom

25 [exenatide (n = 19),
liraglutide (n = 6)]

Exenatide 5 μg twice daily titrated to 10 μg twice daily after one
month; liraglutide 0.6 mg once daily, titrated to 1.2 mg once
daily for 6 mo

GLP-1RA reduced, compared to baseline, abdominal visceral and subcutaneous adipose
tissue, HbA1c, ALT, γ-GT and intrahepatic lipid content and increased adiponectin serum
levels

Fan et al[34], 2013

Randomized clinical trial,
China

117

Exenatide (5 μg for four weeks followed by 10 μg for additional
8 wk, two times daily) vs metformin (0.5-2 g/d)

Exenatide decreased body weight, waist-to-hip ratio, ALT, AST, AST/ALT ratio, γ-GT, 2-h
postprandial glucose serum levels, CRP and increased adiponectin serum levels

Savvidou et al[35],
2016

Open label, randomized
controlled intervention
trial, Greece

120

Exenatide 5 μg twice daily for 4 wk and 10 μg twice daily as
supplementation on glargine insulin vs intense self-regulated
insulin therapy for 6 mo

Both therapies significantly increased adiponectin serum levels compared to baseline, but no
significant change between the groups; Exenatide, compared to insulin group, reduced more
robustly body weight but not HbA1c

Shao et al[37], 2014

Randomized controlled
trial, China

60

Exenatide 5 μg twice daily, followed by 10 μg twice daily for
additional 8 wk plus insulin glargine vs intensive insulin
therapy with insulin glargine and insulin as part for a time
period of 12 wk

Body weight, waist circumference, ALT, AST, γ-GT were markedly reduced in exenatide
compared to insulin group, while levels of fasting blood glucose, postprandial blood
glucose, HbA1c, triglyceride and total bilirubin were significantly reduced at both groups at
12 wk, compared to baseline

Bi et al[38], 2014

Randomized controlled
trial, China

33

Exenatide 5 μg twice daily for 4 wk, followed by maximum 10
μg twice daily for 20 wk vs insulin vs pioglitazone 30 mg daily,
titrated to 45 mg at fourth week, 6 mo study

Exenatide reduced, compared to baseline, intrahepatic fat, visceral and subcutaneous fat
volumes, body weight, waist circumference, serum triglycerides, HbA1c, TNF-a

Sathyanarayana
et al[39], 2011

Randomized controlled
study, United States

21

Exenatide 10 μg twice daily plus pioglitazone 45 mg/d vs
pioglitazone 45 mg/d for 12 mo

Combination pharmacotherapy with exenatide, compared to pioglitazone, significantly
decreased serum ALT and triglyceride levels as well as intrahepatic fat content and
increased adiponectin plasma levels

Gluud et al[41], 2014 Review, Denmark

15 studies included in this
meta-analysis

12 randomized clinical trials on lisixenatide vs placebo and 3
randomized clinical trials on lisixenatide vs liraglutide,
exenatide or sitagliptin

Lisixenatide markedly increased the proportion of overweight or obese patients with T2DM
who achieved ALT levels normalization

Seko et al[42], 2017

15

Dulaglutide 0.75 mg once weekly for 12 wk

Dulaglutide, compared to baseline, reduced body weight, ALT, AST, HbA1c and liver
stiffness

Ghosh et al[43], 2019 Retrospective study, India 85 T2DM overweight
patients

Dulaglutide 1.5 mg once weekly for 20 wk

Dulaglutide led to significant reductions in HbA1c, body weight, ALT and AST levels

Cusi et al[44], 2018

Dulaglutide 1.5 mg once weekly for 6 mo

Dulaglutide, compared to placebo, significantly decreased ALT, AST, γ-GT, particularly in
patients with elevated transaminase levels at the onset of the study

[30]

Gastaldelli et al
2016

WJH

,

Retrospective study,
Japan

Post hoc analysis,
multicenter

4 randomized, placebocontrolled trials with 1499
T2DM patients
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parallel, intrahepatic lipid content, evaluated by MRS, was reduced by 42% at 24 wk
compared with baseline, a change that correlated with HbA1c reduction during the
same time period[33].
In a larger study including 117 patients with T2DM and NAFLD, Fan et al[34]
assessed the impact of exenatide on anthropometric and laboratory values. The
patients were randomly assigned to receive either exenatide (5 μg for 4 wk followed by
10 μg for 8 wk, two times daily) or metformin (0.5-2 g/d)[34]. At the end of follow-up
(12 wk), in the exenatide group, compared with the metformin group, body weight,
waist-to-hip ratio, ALT, aspartate aminotransferase (AST), AST to ALT ratio, γGT and
2-h postprandial glucose serum levels were markedly reduced[34]. Interestingly, highsensitivity C-reactive protein (hsCRP) levels, a marker of subclinical inflammation,
were improved and adiponectin serum levels were significantly increased in the
exenatide group compared to the metformin group, and these changes might have
played a role in the reduction in transaminase levels[34].
Indeed, adiponectin appears to exert a hepato-protective effect in patients with
NAFLD[35]. Exendin-4 also appears to protect hepatocytes from steatosis through
autophagy and reduction of apoptosis associated with ER stress[36]. The latter is
associated with intrahepatic fat accumulation, but autophagy has a protective role on
cell survival[36]. Accumulation of fatty acids is related to ER stress, cell death, apoptosis
and elevated caspase-3 levels, while administration of exendin-4 reduces caspase-3
levels[36]. In another study, patients with NAFLD who were treated with exenatide had
lower levels of AST, ALT and γGT, compared with patients treated with insulin[37].
Exenatide also induced a reduction of intrahepatic fat, visceral fat and subcutaneous
fat[38]. In a small study in 21 patients, the combination of exenatide and pioglitazone
resulted in a reduction in intrahepatic fat content, serum ALT and triglyceride levels
and in an increase in plasma adiponectin levels[39].

LIXISENATIDE AND DULAGLUTIDE
There are limited data regarding the effects of lixisenatide and dulaglutide on NAFLD
(Table 1). In a study in conscious dogs, lixisenatide did not affect hepatic glucose
uptake[40]. In a meta-analysis of 12 randomized controlled trials, lixisenatide increased
the proportion of obese or overweight patients with T2DM who achieved
normalization of ALT levels[41]. On the other hand, the administration of dulaglutide
for 12 wk at a dose of 0.75 mg once weekly in patients with NAFLD reduced HbA1c
levels, body weight, transaminases and liver stiffness[42]. In another study in 85
overweight patients with inadequately controlled T2DM conducted in India, treatment
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with dulaglutide 1.5 mg once weekly for 20 wk resulted in significant reductions in
HbA1c, body weight, ALT and AST levels[43]. Also, in a post hoc analysis of four
randomized, placebo-controlled trials in patients with T2DM (n = 1499), dulaglutide
decreased transaminase and γGT levels compared with placebo, particularly in
patients with elevated transaminase levels at baseline[44].

LIRAGLUTIDE
In a prospective study, liraglutide was administered for 6 mo in 19 women with
polycystic ovary syndrome and controls[45]. Serum procollagen type 3 amino-terminal
peptide levels, a marker of hepatic fibrosis, decreased in patients with polycystic ovary
syndrome but not in controls[45]. In another study in 26 patients with glucose
intolerance and biopsy-proven NASH, treatment with liraglutide for 24 wk reduced
ALT levels[46]. Ten patients were treated with liraglutide for 96 wk, and liver biopsy at
the end of treatment showed an improvement in liver histology in six of them[46]. In a
retrospective study that included 46 patients, the liver to kidney attenuation ratio in
computed tomography (an index of hepatic steatosis) increased after treatment with
liraglutide 0.9 mg/d for 6 mo[47]. Another retrospective analysis of 82 patients with
NAFLD who were treated with sitagliptin, liraglutide or pioglitazone revealed that
patients who received sitagliptin showed a decrease in ALT activity whereas the AST
to platelet count ratio index (APRI score), a marker of liver fibrosis, did not change[48].
In contrast, patients treated with liraglutide or pioglitazone experienced a decrease in
both ALT activity and APRI[48]. In a subgroup analysis of the Liraglutide Effect and
Action in Diabetes-2 trial, 103 patients were treated with liraglutide 0.6, 1.2 and 1.8
mg/d, 37 patients received glimepiride and 20 were given placebo for 26 wk[49]. Liver
to spleen attenuation ratio increased in patients treated with liraglutide 1.8 mg but did
not change in those treated with lower doses of liraglutide or with glimepiride[49]. ALT
activity showed comparable decreases with both agents[49]. In a more recent study, 30
non-diabetic patients with abdominal obesity and NAFLD were managed with
liraglutide or with lifestyle modification[50]. Liraglutide was effective in decreasing
weight, hepatic steatosis and hepatocellular apoptosis, but benefits were not sustained
after discontinuation of treatment, in contrast with lifestyle modification[50].
In another study, 87 patients with T2DM and NAFLD were randomized to receive
liraglutide, metformin or gliclazide for 24 wk[51]. Gliclazide resulted in smaller
improvement in liver function and less reduction in intrahepatic fat content, HbA1c
levels and body weight compared with liraglutide and metformin[51]. Slightly greater
improvements were achieved with liraglutide than with metformin[51]. In a singlecenter, randomized, open-label study in 19 patients with T2DM, liraglutide reduced
visceral fat at 24 wk[52]. Urinary albumin-to-creatinine ratio and hsCRP levels were also
significantly reduced by liraglutide at 12 and 24 wk[52]. HbA1c levels, body weight and
hepatic fat also decreased in patients treated with liraglutide[52]. In a prospective trial in
68 patients with uncontrolled T2DM, treatment with liraglutide for 6 mo was
associated with a decrease in body weight and HbA1c and a reduction in liver fat
content[53].
A multicenter, double-blind, randomized, placebo-controlled, phase 2 trial was
conducted in four United Kingdom medical centers to compare liraglutide with
placebo in overweight patients who showed clinical evidence of NASH[54]. Nine (39%)
of 23 patients who received liraglutide and underwent end-of-treatment liver biopsy
had resolution of definite NASH compared with two (9%) of 22 patients in the placebo
group[54]. In another study in patients with T2DM, treatment with liraglutide or
sitagliptin for 12 wk did not reduce hepatic steatosis, which was estimated using
MRS[55]. In a study in China, which enrolled 835 patients with T2DM, liraglutide
improved blood glucose levels, lipid levels and liver function[56]. In a similar study,
which compared treatment of T2DM with liraglutide or metformin, liraglutide was
more effective in alleviating liver inflammation and improving liver function[57].
Finally, in a prospective study (n = 25), treatment with either exenatide or liraglutide
for 6 mo decreased ALT activity and hepatic fat content (evaluated with MRS)[33]
(Table 2).

SEMAGLUTIDE
Recently, Newsome et al[58] evaluated the effects of semaglutide on liver biochemistry
(ALT) and hsCRP levels in patients at risk for NAFLD. The authors analyzed data
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Table 2 Characteristics and outcomes of clinical studies that evaluated the effects of liraglutide and semaglutide on non-alcoholic fatty liver disease
Ref.

Type of study; country

Number of
patients

Treatment

Effects on NAFLD

Kahal et al[45],
2014

Prospective; United Kingdom

36

Liraglutide 0.9 mg/d for 6 mo

Serum procollagen type 3 amino-terminal peptide levels, a marker of hepatic fibrosis, decreased in women
with PCOS

Eguchi et al[46],
2014

Prospective; Japan

26

Liraglutide 0.9 mg/d for 24-96 wk

ALT activity decreased. NASH decreased in 6/10 patients who underwent repeat biopsy at 96 wk

Suzuki et al[47],
2013

Retrospective; Japan

46

Liraglutide 0.9 mg/d for 6 mo

Liver to kidney attenuation ratio in CT (an index of hepatic steatosis) increased

Ohki et al[48],
2012

Retrospective; Japan

82

Liraglutide 0.9 mg/d for 340 d or sitagliptin 50100 mg/d for 250 d or pioglitazone 15 mg/d for
1200 d

ALT activity was reduced with all agents. Liraglutide and pioglitazone but not sitagliptin reduced the APRI
score

Jendle et al[49],
2009

Randomized controlled;
multicenter

160

Liraglutide 0.6, 1.2 or 1.8 mg/d or glimepiride 4
mg/d or placebo for 26 wk

Liver to spleen attenuation ratio in CT (a marker of hepatic steatosis) increased in patients treated with
liraglutide 1.8 mg/d and did not change in those treated with lower doses of liraglutide or glimepiride. ALT
activity showed comparable decreases with both agents

Khoo et al[50],
2009

Randomized controlled;
Singapore

30

Liraglutide 3 mg/d for 16 wk or lifestyle
modification

Liraglutide was effective for decreasing weight, hepatic steatosis and hepatocellular apoptosis, but benefits
were not sustained after discontinuation, in contrast with lifestyle modification

Feng et al[51],
2017

Randomized controlled; China

87

Liraglutide, metformin, or gliclazide for 24 wk

Liraglutide has better results in improving liver function, reductions in intrahepatic fat content and HbA1c
level, and weight loss than metformin and gliclazide

Bouchi et al[52],
2017

Randomized controlled; Japan

19

Liraglutide 0.9 mg/d plus insulin or insulin alone
for 14 wk

Liraglutide reduces visceral fat, hepatic fat accumulation, albuminuria and micro-inflammation and improves
QOL

Petit et al[53],
2017

Prospective; France

68

Liraglutide 1.2 mg/d for 6 mo

Liraglutide significantly reduced liver fat content

Armstrong
et al[54], 2016

Double-blind, randomized,
controlled; multicenter United
Kingdom

52

Liraglutide 1.8 mg/d or placebo for 48 wk

Liraglutide led to histological resolution of NASH

Smits et al[55],
2016

Randomized placebo-controlled;
Holland

52

Liraglutide 1.8 mg/d, sitagliptin 100 mg/d or
placebo

Liraglutide or sitagliptin treatment does not reduce hepatic steatosis or fibrosis

Zhang et al[56],
2016

Randomized controlled; China

835

Liraglutide 1.2 mg/d or metformin 500 mg/3
times per day

Liraglutide improves the blood glucose and lipid levels as well as liver function

Tian et al[57], 2018 Randomized controlled; China

127

Liraglutide 0.6-1.2 mg/d or metformin 1000-1500
mg/d for 12 wk

Liraglutide decreases ALT levels and is more effective than metformin at alleviating liver inflammation and
improving liver function

Cuthbertson
et al[33], 2012

Prospective; United Kingdom

25

Exenatide 10 mg twice daily or liraglutide 1.2
mg/d

Both liraglutide and exenatide reduce body weight, HbA1c and intrahepatic lipid accumulation

Newsome
et al[58], 2019

Retrospective (data from 2 trials);
United Kingdom

957 (trial 1) and
3297 (trial 2)

Semaglutide 0.05, 0.1, 0.2, 0.3 or 0.4 mg/d for 52
wk (trial 1) and semaglutide 0.5 or 1.0 mg/wk for
104 wk (trial 2)

Semaglutide significantly reduced ALT and hsCRP in clinical trials in subjects with obesity and/or type 2
diabetes
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PCOS: Polycystic ovary syndrome; NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine transaminase; hsCRP: High-sensitivity C-reactive protein; NASH: Non-alcoholic steatohepatitis; CT: Computed tomography; APRI: AST to
platelet count ratio index.

from two randomized, double-blind, multinational, placebo-controlled trials: A) A
104-wk cardiovascular outcomes trial, in which semaglutide 0.5 or 1.0 mg was given
once weekly subcutaneously in T2DM patients with HbA1c levels ≥ 7% (SUSTAIN-6
trial) and B) A 52-wk weight management trial, in which semaglutide 0.05-0.4 mg was
given daily subcutaneously in obese patients without T2DM[58]. Among patients (n =
499, 52%) with abnormal ALT levels (men > 30 IU/L, women > 19 IU/L) at baseline,
ALT reductions were observed in 6%-21% of patients at doses ≥ 0.2 mg/d) (P < 0.05 vs
placebo) in the weight management trial. Similarly, hsCRP reductions were recorded
in 25%-43% of patients receiving semaglutide 0.2 and 0.4 mg/d (P < 0.05 vs
placebo)[58]. Among those who had abnormal ALT levels and received semaglutide 0.4
mg in the weight management trial, the prevalence of metabolic syndrome was
reduced (25.6% at week 28 vs 50.0% at baseline)[58]. Normalization of elevated baseline
ALT occurred in 25%-46% of patients in the weight management trial in a dose
dependent manner (vs 18% in placebo group), while in the SUSTAIN-6 trial,
reductions in ALT levels were recorded only at the 1.0 mg dose (9% vs placebo, P =
0.0024) at week 104[58]. However, changes in ALT and hsCRP levels were not
significant after adjustment for weight change. Histological data are awaited from an
ongoing phase 2 trial of semaglutide in biopsy-proven NASH (NCT02970942)[58]
(Table 2).

CONCLUSION
Both animal and clinical studies are highly promising for the beneficial effect of GLP1RAs in patients with NAFLD. Importantly, GLP-1RAs have good safety profile, since
the most common adverse events are nausea and diarrhea, while the risk of
pancreatitis is very small and not confirmed in a recent meta-analysis[59]. Among GLP1RAs, liraglutide has been studied more extensively in the setting of NAFLD, leading
to amelioration in both hepatic and visceral fat accumulation as well as improvement
in liver function tests and histological lesions in patients with NAFLD[46,51].
Nonetheless, the need for daily injection is a major limitation, presumably affecting
patients’ medication compliance. Long-acting GLP1-RAs, such as dulaglutide and
semaglutide, seem an appealing therapeutic option. Dulaglutide pharmacotherapy
combines the beneficial effects of short-acting liraglutide on ameliorating
anthropometric and laboratory parameters, such as body mass and ALT serum levels
respectively, with the significant advantage of weekly injection administration[42,60].
Beyond the latter advantage, disposable and prefilled devises for dulaglutide
medication are also available[60]. Regarding semaglutide, appears to have some
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additional advantages to other GLP-1RA agents. Based on data from SUSTAIN-6, a
placebo-controlled trial, semaglutide medication led to marked prevention of
cardiovascular events, the predominant cause of mortality among NAFLD patients,
while SUSTAIN-7 trial demonstrated the superiority of semaglutide over dulaglutide
regarding glucose control and body weight reduction among T2DM patients[61,62]. Of
great interest, the recent Food and Drug Administration approval of oral semaglutide
taken once a day for T2DM, might become the first-line approach for patients with
both T2DM and NAFLD. Of note, a plethora of data concerning the efficacy of GLP1RAs on NAFLD is based on exenatide. Indeed, exenatide exerts hepato-protective as
well as glucose-lowering actions combined with remarkable amelioration of
anthropometric parameters and liver dysfunction markers[30,34]. However, similarly to
liraglutide pharmacotherapy, the need for twice daily administration therapy appears
as a significant limitation[63]. On the other hand, pharmacotherapy with lisixenatide
requires once daily administration and beyond that, its tolerability profile seems to be
better than exenatide, since T2DM patients treated with lisixenatde experienced
markedly less nausea than the corresponding exenatide treated group of T2DM
patients[64]. Nevertheless, more data with lisixenatide efficacy on NAFLD modification
are required in order to consider the aforementioned drug as a propitious therapeutic
opportunity. In conclusion, it seems that GLP-1RA administration in patients with
T2DM is an attractive therapeutic option associated with weight loss, glycemic control
and potentially reversal of biochemical and/or histological features of NAFLD in
patients with concomitant NAFLD. However, larger, long-term, randomized,
controlled trials should be conducted to better define the role of these agents in the
management of NAFLD.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) has a heterogeneous distribution across
racial and ethnic groups, with a disproportionate burden among Hispanics.
Although there are currently no approved therapies for treatment of NAFLD,
several therapies have been investigated in clinical trials.
AIM
To analyze the inclusion of racial and ethnic minority groups in clinical trials for
NAFLD.
METHODS
We performed a systematic review of North American, English-language,
prospective studies for NAFLD therapies published from 2005 to 2019. Racial and
ethnic enrollment data were recorded for each eligible study. Meta-analysis was
performed to compute pooled prevalence of different racial and ethnic groups,
followed by further subgroup analyses. These analyses were based on diagnosis
of non-alcoholic steatohepatitis (NASH) and timing of study on enrollment by
ethnicity. Descriptive statistics were performed to compare racial and ethnic study
enrollment to previously reported NAFLD population prevalence.
RESULTS
Thirty-eight studies met criteria for inclusion in the systematic review. When
reported, median age of enrolled subjects was 49 years (range 41.5-58) with 56%
female participants. NAFLD was defined through biopsy findings in 79% (n = 30)
of the studies. Of the included articles, treatment modalities ranged from
medications (n = 28, 74%), lifestyle interventions (n = 5, 13%), bariatric surgery (n
= 4, 11%) and phlebotomy (n = 1, 2%). Twenty-eight studies (73%) included racial
and/or ethnic demographic information, while only 17 (45%) included
information regarding Hispanic participation. Of the 2983 patients enrolled in all
eligible trials, a total of only 346 (11.6%) Hispanic participants was reported.
Meta-analysis revealed a pooled Hispanic prevalence of 24.3% (95% confidence
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interval 16.6-32.0, I2 94.6%) among studies documenting Hispanic enrollment.
Hispanic enrollment increased over time from 15% from 2005-2014 to 37% from
2015-2019.
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CONCLUSION
In a meta-analysis of NAFLD trials, documentation of racial/ethnic demographic
data occurred in less than half of studies. Standardization of reporting of
race/ethnicity and targeted interventions toward minority recruitment are needed
to improve diversity of enrollment.
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Core tip: The Hispanic population in the United States is disproportionately affected by
non-alcoholic fatty liver disease (NAFLD). Currently, there is no Food and Drug
Administration approved treatment for this disease, but several clinical trials are
investigating new potential therapies. This study evaluates the inclusion of race and
ethnicity in the enrollment of these trials. In a systemic review and meta-analysis of
clinical trials for treatment of NAFLD, 44% of eligible trials reported data on race and
ethnicity. Despite a high burden of disease, Hispanic participation remained low. Future
targeted interventions must take place to increase the enrollment of diverse and
representative study populations in clinical trials.
Citation: Patel P, Muller C, Paul S. Racial disparities in nonalcoholic fatty liver disease clinical
trial enrollment: A systematic review and meta-analysis. World J Hepatol 2020; 12(8): 506-518
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/506.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.506

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver
disease in the United States, affecting up to 25% of the global adult population[1].
NAFLD ranges from simple steatosis to non-alcoholic steatohepatitis (NASH), with
some patients experiencing eventual cirrhosis. Given the rising incidence, NAFLD is
poised to become the leading indication for liver transplantation in the coming years[2].
Risk factors for the development of NAFLD include insulin resistance and metabolic
syndrome (encompassing elevated fasting glucose levels, hypertension, dyslipidemia,
and central obesity). However, not all individuals with these risk factors develop
NAFLD. In a recent systematic review and meta-analysis, heterogeneity in NAFLD
burden between racial and ethnic groups was noted, with the highest prevalence seen
in Hispanic populations (pooled prevalence 22.9%)[3].
Although it remains unclear why Hispanics are at a higher risk of developing
NAFLD and NASH, there is likely an interplay of multifactorial causes. Genetic risk
factors play a large role in the pathogenesis of NAFLD. Studies have shown the single
nucleotide polymorphisms in patatin-like phospholipase domain-containing protein 3
(PNPLA3), transmembrane 6 superfamily member 2 (TM6SF2), and membrane bound
O-acyl transferase (MBOAT) play various roles in different races[4]. For example, the
isoleucine to methionine substitution at position 148 (I148M) variant in PNPLA3, has
been strongly linked to hepatic fat content. This variant occurs more frequently in
Hispanics (49%) compared to non-Hispanic whites (23%) or African Americans
(17%)[4]. Additionally, other factors such as culture, environment, and socioeconomic
status, play an important role.
Although weight loss through lifestyle interventions or bariatric surgery can reverse
the effects of NAFLD, there are currently no Food and Drug Administration (FDA)
approved therapies for the treatment of NAFLD. Several promising therapies are
currently being investigated in clinical trials. Although the burden of NAFLD on
Hispanics is significant, it is unknown if this population is represented in these clinical
trials. Identifying possible racial disparities is the first step in improving targeted
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interventions for patient subgroups. The aim of this study was to evaluate the
enrollment of Hispanics in NAFLD trials conducted in the United States and Canada.
We hypothesized that the expected rate of Hispanics in NAFLD therapy trials should
be proportionate to the burden of disease among Hispanics within the NAFLD
population.

MATERIALS AND METHODS
Literature search strategy
The literature search was performed using the PubMed (United States National
Institutes of Health, Bethesda, MD, United States) database from January 1, 2005 to
March 31, 2019. Three index search terms for nonalcoholic fatty liver disease,
nonalcoholic steatohepatitis, and fatty liver were combined. Other potential studies
were identified from reference lists of previously published review articles. The search
was restricted to English-language articles. Conference abstracts were excluded. Three
investigators (Patel P, Muller C and Paul S) reviewed articles for study inclusion.
Discrepancies were resolved by consensus.

Study selection and data collection
Published studies of patients with NAFLD or NASH receiving any therapeutic
intervention were included. NAFLD and NASH were independently defined by each
study, usually either by imaging or histology.
Randomized controlled trials (RCTs) or prospective cohort studies conducted in the
United States and Canada with human subjects aged 18 years or older were included.
Retrospective studies, case-control, case series, case reports, reviews, and studies with
non-human subjects or non-English language were excluded. Three investigators
(Patel P, Muller C and Paul S) reviewed articles for study inclusion with discrepancies
resolved by consensus. All data were extracted by 1 researcher and verified by another
independent researcher and included study author, country, publication date, study
design, intervention, sex, age, and race and/or ethnicity. Enrollment demographic
information regarding race and ethnicity, when available, was recorded as defined in
each individual study. For the purposes of analysis, ethnicity referred to designations
of “Hispanic” or “non-Hispanic”, reported along with an independent racial
designation for each participant.
An assessment of risk of bias was not performed as we had a heterogenous
inclusion criteria, and a risk assessment is not applicable to our study design.
Additionally, given the framework of our research question, we have demonstrated
that these studies are, in fact, biased towards patient selection.

Data synthesis and analysis
NAFLD prevalence data was obtained using a recent systematic review and metaanalysis that examined racial and ethnic disparities in NAFLD prevalence among
adult patients in the United States through August 2, 2016[3]. In this study, the
prevalence of NAFLD in the Hispanic population was 22.9% compared to 14.4% in
white persons and 13.0% in black persons[3]. Additionally, the prevalence of NASH
followed similar trends in this analysis with Hispanics disproportionately affected
with a prevalence of 45.4%[3].
Descriptive statistics were performed with frequencies and proportions reported.
Two-tailed z-test was performed to compare differences in proportions. All metaanalyses were performed using random effects models and results were pooled using
the maximum likelihood estimation. The arcsine transformation was used to estimate
the absolute proportion of Hispanics participating in each study. Study heterogeneity
was assessed using the Cochrane I2 statistic. All statistical analyses were performed
using OpenMeta software. The statistical methods of this study were reviewed by Dr.
Sonali Paul.
Prespecified subgroup analyses explored differences in Hispanic trial participation
by specifically a diagnosis of NASH, mode of NAFLD diagnosis, and type of
therapeutic intervention. Further subgroup analyses examined the effect of study
design (RCT versus prospective cohort) on enrollment by ethnicity.
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RESULTS
The search strategy yielded 14406 citations using the relevant search terms, with 38
meeting eligibility criteria (Figure 1). Thirty-two studies (84%) were conducted in the
United States, 4 studies (11%) performed in Canada, and 2 studies (5%) were
multinational (Table 1). Twenty-six (68%) studies were randomized controlled trials
and 12 (32%) were prospective cohort or open label studies. When reported, median
age of enrolled subjects was 49 years old (range 41.5-58) with 56% female participants.
NAFLD was defined through biopsy findings in 79% (n = 30) of the studies. Of the
included articles, treatment modalities ranged from medications (n = 28, 74%), lifestyle
interventions (n = 5, 13%), bariatric surgery (n = 4, 11%) and phlebotomy (n = 1, 2%).

Reporting of racial data
Of the 38 identified trials, 25 (66%) included racial data with a total of 2531 total
enrolled patients. Twenty-one (84%) trials were conducted in the United States, 2 (8%)
trials were performed in Canada and 2 (8%) were multinational trials. The median age
of enrolled patients was 49.5 years (range 41-58). NAFLD was diagnosed by biopsy in
80% (n = 20) of the trials, with 20% (n = 5) diagnosed by imaging. Interventions
included medications (n = 23, 92%) or bariatric surgery (n = 2, 8%) (Table 1).

Enrollment of Hispanic patients
Among the 38 eligible trials, only 17 (44.7%) included information regarding patient
ethnicity. Of the 2983 patients enrolled in all eligible trials, a total of only 346 (11.6%)
Hispanic participants was reported. Among the 25 studies that included data on race,
14 included data on Hispanic participation. Of note, 3 studies that did not have racial
data did provide data on Hispanic participation (Table 1).
Among the 17 trials that reported Hispanic participation, there were 346 Hispanic
patients out of 1577 total enrolled patients with a participation rate of 21.9% compared
to 74.8% of Caucasian participants among those including data on Caucasian
participation. The 21.9% unadjusted pooled prevalence of Hispanic trial participants
was similar to the 22.8% unadjusted pooled NAFLD Hispanic prevalence (990/4332
total patients) in the recent systematic review by Rich et al[3] (P = 0.365).
A meta-analysis was then performed to estimate pooled prevalence while taking
heterogeneity of included studies into consideration. The pooled prevalence was
found to be 24.3% [95% confidence interval (CI) 16.6-32.0] with significant
heterogeneity (I2 = 94.6%) (Figure 2).
Further sub-group meta-analyses were performed in patients with biopsy proven
NASH and found Hispanic participation to be 24.7% (Table 2), considerably lower
than the 45.4% prevalence of NASH in the Hispanic population found in the recent
meta-analysis by Rich et al[3]. Caucasian and African American participation in studies
using NASH as inclusion criteria, was slightly lower than those of NAFLD studies
(67.3% vs 63.9% and 8.0% vs 2.7%, respectively).
To determine if rates of Hispanic enrollment changed over time, studies conducted
before and after 2015 were compared. The pooled prevalence of Hispanic patients in
studies from 2005-2014 was 15%, compared to 37% for studies from 2015-2019. Trends
in Hispanic study participation over time are displayed in Figure 3.

DISCUSSION
The purpose of this systematic review and meta-analysis was to characterize the
participation rate of Hispanic patients in clinical trials investigating therapies for
NAFLD. Despite the importance of genetics and race in the prevalence of NAFLD, our
results show that racial/ethnic demographic data are under-reported, with only 25 of
38 (66%) eligible clinical trials reporting race or ethnicity. Both the FDA and the
National Institutes of Health (NIH) have published recommendations on how to
report race and ethnicity data in clinical trials, however in practice these guidelines are
not strictly followed or enforced[5,6]. Previous studies have demonstrated reporting of
race/ethnicity to be similarly suboptimal in clinical trials across several specialties[7,8].
An analysis of clinical trial enrollment for several disease processes (spanning general
medicine, oncology, cardiovascular disease, and infectious diseases) from 2009, found
that 21% of studies failed to include racial or ethnic demographic data[7].
In this review, of the 38 trials that met eligibility criteria, 25 reported racial
information. Among these only 17 (68%) provided data on ethnicity (participation of
Hispanic patients). It is well established that the prevalence of NAFLD and NASH is
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Table 1 Summary of non-alcoholic fatty liver disease studies included in systematic review
NAFLD
Study design or
NASH

Year Author

How NAFLD defined
(ultrasound/biopsy)

Intervention

Total
% Men
enrolled

Median Reporting
age (yr) of Race

Reporting %
%
%
%
%
Unknown
of ethnicity White Black Hispanic Asian Other

2005

Huang et al

Uncontrolled,
open-label trial

NASH

Biopsy

Dietary intervention/
counseling

23

47.8

48

N

Y

87%

0%

13%

0%

0%

0%

2005

Clark et al

Prospective
cohort

NAFLD

Biopsy

Roux-en-Y

16

50.0

43

Y

N

88%

NR

NR

NR

NR

12%3

2006

Barker et al

Retrospective
cohort

NASH

Biopsy

Roux-en-Y

19

10.5

49

N

N

NR

NR

NR

NR

NR

NR

2006

Browning et al

Prospective
cohort

NAFLD

Imaging (MRI)2

Statins

268

44.0

54

Y

Y

38%

50%

10%

0%

2%

0%

2006

Belfort et al

RCT

NASH

Biopsy

Pioglitazone

47

44.7

51

N

N

NR

NR

NR

NR

NR

NR

2007

Balas et al

RCT

NASH

Biopsy

Pioglitazone

35

54.3

48

N

N

NR

NR

NR

NR

NR

NR

2007

Lutchman et al

Uncontrolled,
open-label trial

NASH

Biopsy

Discontinuation of pioglitazone

13

54.0

41.5

Y

Y

84%

0%

8%

8%

0%

0%

2009

Loomba et al

Uncontrolled,
open-label trial

NASH

Biopsy

Metformin

26

50.0

44

Y

Y

65%

0%

15%

19%

0%

0%

2010

Chalasani et al

RCT

NASH

Biopsy

Pioglitazone/ Vitamin E

247

40.0

46

Y

Y

NR

NR

15%

NR

NR

85%4

2011

Foster et al

RCT

NAFLD

CT

Atorvastatin

80

71.0, 77.5
with
NAFLD

59

Y

Y

93%

2%

2%

2%

0.5%

0%

2011

Van Wagner et
al

RCT

NASH

Biopsy

Pentoxyfylline

30

43.3

50.5

Y

Y

80%

0%

17%

3%

0%

0%

2011

Zein et al

RCT

NASH

Biopsy

Pentoxyfylline

55

69.1

50

Y

N

93%

NR

NR

NR

NR

7%3

2011

Torres et al

RCT

NASH

Biopsy

Rosiglitazone/ metformin

108

50.4

49

Y

Y

65%

4%

22%

4%

5%

2012

Le et al

RCT

NASH

MRI

Colesevelam

50

46.0

47

Y

Y

38

0%

28%

22

8

0%

2012

Zein et al

RCT

NASH

Biopsy

Pentoxyfylline

47

70.2

50

Y

N

92%

NR

NR

NR

NR

8%3

2012

Sullivan et al

RCT

NAFLD

Biopsy

Exercise

18

27.8

48

N

N

NR

NR

NR

NR

NR

NR

2012

Fealy et al

RCT

NAFLD

Imaging (MRI)

Exercise

13

NR

58

N

N

NR

NR

NR

NR

NR

NR

1

42%

28%

25%

5%

0%

0%

NR

NR

NR

NR

NR

NR

2013

Mudaliar et al

RCT

NAFLD

2013

Beaton et al

Uncontrolled,
open-label trial

NAFLD Biopsy
or NASH
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Obeticholic acid

64

51.6

52

Y

Y

Phlebotomy

31

61.3

49

N

N

510

August 27, 2020

Volume 12

Issue 8

Patel P et al. Racial disparities in NAFLD trials

2014

Sanyal et al

RCT

NASH

Biopsy

EPA-E

243

39.1

48

Y

N

91%

3%

0%

0%

6%

0%

2015

Dasarthy et al

RCT

NASH

Biopsy

Omega 3 fatty acids

37

21.6

50

Y

Y

92%

3%

5%

0%

0%

0%

2015

Argo et al

RCT

NASH

Biopsy

N-3 fish oil

34

38.2

46

Y

N

97%

NR

NR

NR

NR

3%3

2015

Loomba et al

RCT

NASH

Biopsy

Ezetemibe

50

38.0

49

Y

Y

NR

NR

34%

NR

NR

66%4

2015

Neuschwander
et al

RCT

NAFLD

Biopsy

Obeticholic acid

283

33.9

51

Y

Y

83%

2%

15%

6%

10%

0%

2015

Vilar-Gomez et
al

Prospective
cohort

NASH

Biopsy

Bariatric surgery

293

41.0

48

Y

N

98%

NR

NR

NR

NR

2%3

2015

Glass et al

Prospective
cohort

NASH

Biopsy

Weight loss

45

28.9

46

N

N

NR

NR

NR

NR

NR

NR

2016

Harrison et al

RCT

NASH

Biopsy

GT020 (galectin 3 protein
inhibitor)

31

54.8

54

N

NR

NR

NR

NR

NR

NR

NR

2016

Cusi et al

RCT

NASH

Biopsy

Pioglitazone

101

70.3

51

Y

Y

25%

NR

67%

NR

8%

0%

2016

Cui et al

RCT

NAFLD

MRI

Sitagliptin

84

41.7

53.5

N

Y

32%

NR

36%

NR

NR

NR

2016

Ratziu et al

RCT

NASH

Biopsy

Elafibranor (PPAR agonist)

274

55

52

Y

N

89%

NR

NR

NR

NR

NR

2017

Winn et al

RCT

NAFLD

MRI

Exercise

21

NR

46

N

N

NR

NR

NR

NR

NR

NR

2017

Joy et al

RCT

NASH

Biopsy

Sitagliptin

12

41.7

56

Y

N

92%

NR

NR

NR

NR

8.3%3

2017

Loomba et al

RCT

NASH

Biopsy

Selonsertib (ASK1 inhibitor)

72

31

54.2

Y

N

90%

NR

NR

NR

NR

10%3

2017

Lawitz et al

Prospective
cohort

NAFLD

MRI

Acetyl-CoA carboxylase
inhibitor (GS-0976)

20

55

45

Y

N

100%

0%

NR

0%

0%

NR

2018

Shiffman et al

RCT

NAFLD

Biopsy or MRI

Emricasan

38

63.2

NR

Y

N

89%

NR

NR

NR

NR

11%3

2018

Schwenger et al

Prospective
cohort

NAFLD

Biopsy

Bariatric surgery

42

23.8

48

N

N

NR

NR

NR

NR

NR

NR

2018

Chalasani et al

RCT

NAFLD

MRI

Leucine/metformin/sildenafil

70

44.3

46

Y

Y

63%

4.2%

27%

2.9%

1.4%

2.9%

2019

Harrison et al

Prospective
cohort

NASH

Biopsy

FGF19 analog (NGM282)

43

20.9

50

N

Y

NR

NR

76.7%

NR

NR

23.34

1

Race and ethnicity categorized together.
Definition of NAFLD included presence of steatosis on MRI.
3
Patients were categorized as either white or non-white.
4
Patients were categorized as either Hispanic or non-Hispanic. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; Y: Yes; N: No; MRI: Magnetic resonance imaging; NR: Not recorded; RCT: Randomized
control trial.
2

higher among Hispanic patients than among either non-Hispanic whites or other
minority groups, with a prevalence of 25%-40% and 25%, respectively[9-13]. Although
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Table 2 Proportion of trial patients with non-alcoholic steatohepatitis by race/ethnicity
NASH
Prevalence (%)

95%CI

Hispanic

24.7

9.1-40.4

White persons

63.9

42.4-85.5

Black persons

2.7

0.5-4.9

NASH: Non-alcoholic steatohepatitis; CI: Confidence interval.

Figure 1 Summary of review process of all PubMed articles using search terms.

Hispanic participation among trials that included information about Hispanic
enrollment (24.3%) was close to that of the United States Hispanic population
(18.3%)[14], it does not provide an accurate reflection of the racial and ethnic makeup of
the NAFLD population, which is closer to 30% Hispanic[12]. There was also significant
discrepancy between Hispanic participation in NASH trials (24.7%) and the prevalence
of NASH (45.5%) reported in a recent meta-analysis[3]. It is not known whether the low
rate of Hispanic participation in these trials is due to lack of collection of ethnic
demographic data on behalf of the investigators, failure to report ethnicity by subjects,
or true under-enrollment.
Under-reporting of Hispanic trial participants could be in part due to heterogeneity
in self-reported ethnicity among Hispanic patients and diversity of their country of
origin and race[15]. Health sciences typically follow the United States Census practice of
categorizing “Hispanic” as an ethnicity that is distinct from race. This practice can
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Figure 2 Pooled prevalence of Hispanic patients among studies reporting ethnicity.

result in discordance between patients’ self-perceived race/ethnicity and their
associated categorization in health systems in addition simplification of a diverse,
heterogenous group, and inaccuracy in reporting[15,16].
Heterogeneity of enrollment practices for the included trials is also likely
contributing significantly to Hispanic under-enrollment. Hispanic enrollment (among
those reporting any Hispanic participants) ranged from 4%-67%. The I2 statistic of 94%
highlights the significant heterogeneity of Hispanic enrollment among studies
included in this meta-analysis. The finding that 10 of the 17 trials (59%) including data
on Hispanic enrollment were conducted in states that shared a border with Mexico[17-26]
highlights the opportunistic, rather than systematic, nature of trial recruitment and
enrollment. The generalizability of such clinical trials is significantly compromised
when they fail to include information about key demographics.
When comparing racial and ethnic enrollment between studies using NAFLD and
NASH as inclusion criteria, we found that Hispanic enrollment in NASH trials
increased relative to enrollment of Caucasian and African American participants.
These findings are consistent with those of prior studies demonstrating that Hispanic
NAFLD patients are more likely to progress to steatohepatitis than Caucasians or
African Americans[3,27]. However, given that 45% of Hispanic NAFLD patients
experience progression to steatohepatitis, compared to 32% and 20% of Caucasian and
African American NAFLD patients, respectively[3], Hispanics are likely even more
under-represented in studies of NASH relative to the disease burden in that
population. The observed proportion of African American NASH participants in our
study was particularly low (2.7%), but is likely a reflection of the low rate of African
American enrollment in included studies in general.
Acknowledging the importance of diverse trial participation to generalizability of
findings in the development of new therapies, the NIH has stipulated that all
sponsored clinical trials include women and minority patients since 1993[7]. Aside from
ethical issues related to equity and justice, racial differences in response to
pharmacologic therapy identified in diverse trials have been used to guide current
clinical practice[28,29]. Recent work suggesting differences in the underlying genetic
contributions to NAFLD in patients of different racial/ethnic backgrounds[30,31]
highlight the importance of diversity in clinical trial participation. Genetic variants on
PNPLA3, TM6SF2, and neurcan (NCAN) can increase the heritability of NAFLD by up
to 27% within families. A missense mutation of PNPLA3 has a strong association with
hepatic fat accumulation and with a higher susceptibility to develop more severe
histologic liver damage, irrespective of the degree of obesity or presence of
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Figure 3 Percentage of Hispanic enrollment in trials. A: Percentage of Hispanic enrollment in trials; B: Percentage of Hispanic enrollment in trials grouped
by year.

diabetes[32-34]. This variant in PNPLA3 gene has been observed in highest frequency in
Hispanics[4].
Despite the benefits of diversity in trial enrollment, minority patients have
historically been underrepresented in clinical trials. Barriers to minority participation
in clinical trials include mistrust of providers/research, reduced access to healthcare,
financial and time constraints, lack of education about clinical trials, and cultural or
language differences impairing communication with trial recruiters or providers[35].
Hispanic patients, in particular, have been underrepresented in clinical trials for
multiple conditions. In a 2004 analysis of colorectal, lung and prostate cancer studies,
Murthy et al[36] found that Hispanic patients only constituted 3.1% trial participants.
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Compared to African American patients, Hispanic patients are less likely to be aware
of or recruited to participate in clinical research[37-39]. Although lack of access to
healthcare resources and lower socioeconomic status are shared among multiple
minority groups, language barriers create a burden for Hispanic patients in particular.
Interventions such as provision of Spanish-speaking recruitment materials or
personnel have been shown to improve enrollment of Hispanic patients in clinical
trials[40,41] and serve as potential targets for increasing diversity of study populations
for NAFLD. In spite of these historic barriers to Hispanic participation in clinical trials,
a trend toward increasing Hispanic enrollment over time was observed in our study,
with Hispanic enrollment in studies conducted after 2015 nearly triple that of studies
from 2005-2014. While these results are encouraging, future efforts are needed to
standardize reporting of race/ethnicity in clinical trials and encourage diverse,
representative enrollment.
A major limitation of this study is the low rate of reporting demographic data on
Hispanic participation among the trials analyzed. Although many trials did not
include any racial/ethnic demographic data, the rate of inclusion of data on Hispanic
participation was particularly poor (44% of eligible trials). From the information
available, it is not known if these trials did not actually recruit any Hispanic
participants or if they simply failed to collect or report data on their inclusion.
In conclusion, North American clinical trials of NAFLD from 2015-2019 did not
consistently include data on Hispanic participation. Among trials that did include
racial/ethnic demographic data, Hispanic patients may be underrepresented relative
to the burden of NAFLD and NASH among this population. Future efforts aimed at
improving or standardizing reporting of race in clinical trials and at increasing
enrollment of diverse and representative study populations are needed to address this
disparity.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver
disease in the United States and has a heterogeneous distribution across racial and
ethnic groups, with a disproportionate burden among Hispanics. Although it remains
unclear why Hispanics are at a higher risk of developing NAFLD and nonalcoholic
steatohepatitis (NASH), there is likely an interplay of multifactorial causes including
genetics, culture, socioeconomic status and environment. Despite this high burden of
disease, there are currently no approved therapies for the treatment of NAFLD.
Several promising therapies are currently being investigated in clinical trials but it is
unknown if Hispanics are appropriately represented in these clinical trials.

Research motivation
Identifying possible racial disparities is the first step in improving targeted
interventions for patient subgroups. The purpose of this systematic review and metaanalysis was to characterize the participation rate of different races and ethnicities in
clinical trials investigating therapies for NAFLD.

Research objectives
The aim of this study was to evaluate the enrollment of Hispanics in NAFLD trials
conducted in the United States and Canada. We hypothesized that the expected rate of
Hispanics in NAFLD therapy trials should be proportionate to the burden of disease
among Hispanics within the NAFLD population.

Research methods
The literature search was performed using the PubMed (US National Institutes of
Health, Bethesda, MD, United States) database from January 1, 2005 to March 31, 2019
using the following search terms: Nonalcoholic fatty liver disease, nonalcoholic
steatohepatitis, and fatty liver. Randomized controlled trials (RCTs) or prospective
cohort studies conducted in the United States and Canada with human subjects aged
18 years or older were included. Descriptive statistics were performed with
frequencies and proportions reported. Two-tailed z-test was performed to compare
differences in proportions. All meta-analyses were performed using random effects
models and results were pooled using the maximum likelihood estimation.
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Research results
Of the 38 trials that met eligibility criteria, twenty-five reported racial information.
Among these only 17 (68%) provided data on ethnicity (participation of Hispanic
patients). Among the 2983 patients enrolled in all eligible trials, a total of only 346
(11.6%) Hispanic participants was reported. Among the 17 trials that reported
Hispanic participation, there were 346 Hispanic patients out of 1577 total enrolled
patients with a participation rate of 21.9% compared to 74.8% of Caucasian
participants among those including data on Caucasian participation. A meta-analysis
was then performed to estimate pooled prevalence while taking heterogeneity of
included studies into consideration. The pooled prevalence was found to be 24.3%
(95%CI: 16.6-32.0) with significant heterogeneity (I2 = 94.6%). To determine if rates of
Hispanic enrollment changed over time, studies conducted before and after 2015 were
compared. The pooled prevalence of Hispanic patients in studies from 2005-2014 was
15%, compared to 37% for studies from 2015-2019.

Research conclusions
North American clinical trials of NAFLD from 2015-2019 did not consistently include
data on Hispanic participation. Among trials that did include racial/ethnic
demographic data, Hispanic patients may be underrepresented relative to the burden
of NAFLD and NASH among this population.

Research perspectives
Future efforts aimed at improving or standardizing reporting of race in clinical trials
and at increasing enrollment of diverse and representative study populations are
needed to address this disparity. It is not known whether the low rate of Hispanic
participation in these trials is due to lack of collection of ethnic demographic data on
behalf of the investigators, failure to report ethnicity by subjects, or true underenrollment. Despite the benefits of diversity in trial enrollment, minority patients have
historically been underrepresented in clinical trials. Barriers to minority participation
in clinical trials include mistrust of providers/research, reduced access to healthcare,
financial and time constraints, lack of education about clinical trials, and cultural or
language differences impairing communication with trial recruiters or providers.
Interventions such as provision of Spanish-speaking recruitment materials or
personnel have been shown to improve enrollment of Hispanic patients in clinical
trials and serve as potential targets for increasing diversity of study populations for
NAFLD.
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Abstract
BACKGROUND
Non-islet cell tumor hypoglycemia (NICTH) is a rare cause of persistent
hypoglycemia seen in patients with hepatocellular carcinoma (HCC). It is likely to
be underdiagnosed especially in the patients with poor hepatic function and
malnutrition. Herein, we report a rare case of NICTH as the initial presentation of
HCC in a patient with chronic hypoglycemia due to end-stage liver cirrhosis.
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CASE SUMMARY
A 62-year-old male with chronic fasting hypoglycemia secondary to end-stage
hepatitis C-related cirrhosis, presented with altered mental status and dizziness.
He was found to have severe hypoglycemia refractory to glucose supplements.
Imaging studies and biopsy discovered well differentiated HCC without
metastasis. Further evaluation showed low insulin, C-peptide and betahydroxybutyrate along with a high insulin-like growth factor-2/insulin-like
growth factor ratio, consistent with the diagnosis of NICTH. As patient was not a
candidate for surgical resection or chemotherapy, he was started on prednisolone
with some improvements in the glucose homeostasis, but soon decompensated
after a superimposed hospital acquired pneumonia.
CONCLUSION
NICTH can occur as the sole initial presentation of HCC and is often difficult to
correct without tumor removal. Clinicians should maintain high clinical suspicion
for early recognition of paraneoplastic NICTH in patients at risk for HCC, even
those with chronic fasting hypoglycemia in the setting of severe hepatic failure
and malnutrition.
Key words: Non-islet cell tumor hypoglycemia; Hepatocellular carcinoma; Liver cirrhosis;
Insulin-like growth factor-2; Paraneoplastic syndrome; Case report
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Core tip: Paraneoplastic Non-islet cell tumor hypoglycemia can occur as an initial
presentation in patients with hepatocellular carcinoma and is often difficult to correct. It is
tend to be underdiagnosed because patients often developed tolerance to chronic fasting
hypoglycemia secondary to advanced liver cirrhosis. A ratio of insulin-like growth factor2/insulin-like growth factor-1 above 10 is often found if non-islet cell tumor hypoglycemia
is induced by overproduction of incompletely processed insulin-like growth factor-2. Oral
corticosteroids and frequent high carbohydrate meals are often recommended but the
outcome is unfavorable in general if tumor removal is not possible.
Citation: Yu B, Douli R, Suarez JA, Gutierrez VP, Aldiabat M, Khan M. Non-islet cell tumor
hypoglycemia as an initial presentation of hepatocellular carcinoma coupled with end-stage
liver cirrhosis: A case report and review of literature. World J Hepatol 2020; 12(8): 519-524
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/519.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.519

INTRODUCTION
Non-islet cell tumor hypoglycemia (NICTH) is a rare paraneoplastic complication
associated with malignancies of both epithelial and mesenchymal origin. One of the
most common epithelial tumors is hepatocellular carcinoma (HCC)[1,2]. Hypoglycemia
is induced either by tumor consumption of glucose (type A) or overproduction of
incompletely processed insulin-like growth factor-2 (IGF-2) (type B), while levels of
insulin, C-peptide, pro-insulin, and beta-hydroxybutyrate are suppressed[3]. NICTH
occurs in 4% to 27% of patients with HCC[4]. However the actual prevalence might be
underestimated due to limited availability of testing for IGF-2. In addition, the
etiologies of hypoglycemia in HCC patients are often multifactorial. Many patients
might have developed tolerance to chronic fasting hypoglycemia due to long term
poor hepatic function and nutritional status at the time of discovery of HCC. Here we
report a case of persistent NICTH as the initial presentation in a patient with newly
diagnosed HCC overlapped with end-stage liver cirrhosis.

CASE PRESENTATION
Chief complaints
A 62-year-old Hispanic male with long-standing hepatitis C-related cirrhosis was
brought to the emergency room on December 7, 2019 due to 2 episodes of altered
mental status and non-vertiginous dizziness witnessed by his family. He also reported
an unintentional 1-kg weight loss over the past 1 mo.

History of present illness
There was no history of loss of consciousness, falls, or head trauma. He was first found
to have hepatitis C infection with concurrent liver cirrhosis and portal hypertension in
2015. Viral load became undetectable after the completion of antiviral therapy but the
patient lost follow-up ever since July 2018. Child-Pugh score during the last outpatient
visit was 8 (class B). AFP was within the normal limit. No signs of malignancy were
found on liver ultrasound.

Physical examination upon admission
On physical exam, he was all the time conscious and had full ability to communicate.
Vital signs were within normal limits. Rest of the physical exam was significant for
cachectic appearance, jaundice, and bilateral lower extremity edema up to the knee.

Laboratory examination, imaging studies and diagnostic reasoning
In the emergency room, his blood glucose was detected to be 26 mg/dL. He denied
poor oral intake or history of diabetes, alcohol abuse or illicit drug use. Of note, his
blood glucose level tended to be on the lower side (75-85 mg/dL) seen in the records
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of several outpatient visits before he lost follow-up. The blood glucose level was
corrected by two immediate intravenous 50% dextrose pushes, but dropped again
down to 10 mg/dL in 2 h for which continuous 10% dextrose infusion was started and
the patient was instructed to consume frequent carbohydrate-rich snacks. However,
recurrent hypoglycemic attacks still occurred since admission that required multiple
IV 50% dextrose and glucagon pushes.
Laboratory evaluation of hypoglycemia showed undetectable insulin [< 0.4 µU/mL
(2.6-24.9 µU/mL)], low C-peptide [0.2 ng/mL (1.1-4.4 ng/mL)], lower normal proinsulin [1.3 pmol/L (0-10.0 pmol/L)], and undetectable beta-hydroxybutyrate [< 0.1
mg/dL (0.2-2.8 mg/dL)], excluding the possibility of insulinoma. Sulfonylurea screen
test was negative. Adrenal insufficiency was also unlikely due to a high serum cortisol
concentration. His hepatic function deteriorated [INR 2.8; albumin 2.9 g/dL (3.5-5.2
g/dL); total bilirubin 3.76 mg/dL (0.2-1.2 mg/dL); aspartate transaminase 145 U/L (<
40 U/L); alanine transaminase 93 U/L (< 41 U/L); alkaline phosphatase 263 U/L (40130 U/L)]. Hepatic encephalopathy was also suspected due to high ammonia level
[101 µmol/L (16-60 µmol/L)]. Child-Pugh score was calculated to be 11 (class C). AFP
level was found to be elevated [108 ng/mL (< 8.3 ng/mL)]. Computed tomography of
the abdomen with contrast showed cirrhosis and there was a centrally necrotic mass in
the left hepatic lobe, measuring 6.7 cm × 6.5 cm (Figure 1). Three-phase liver computed
tomography scan demonstrated suboptimal arterial phase enhancement due to the
timing of the contrast with washout on delayed phase of the study. A subsequent
biopsy confirmed the diagnosis of well differentiated HCC. No metastasis was found
on bone scan. Therefore, NICTH was suspected. To establish the diagnosis, serum
insulin-like growth factor-1 (IGF-1), IGF-2, and insulin-like growth factor-binding
protein 3, the major binding protein for IGF-2 were measured. IGF-1 was suppressed
[14 ng/mL (49-214 ng/mL)], IGF-2 was lower normal [303 ng/mL (300-960 ng/mL)],
insulin-like growth factor-binding protein 3 was slightly decreased [2.2 µg/mL (2.6-4.8
µg/mL)], and the IGF-2/IGF-1 ratio was 21.6 (> 10), consistent with the diagnosis of
NICTH.

FINAL DIAGNOSIS
NICTH (type B); well differentiated HCC, Barcelona Clinic Liver Cancer Stage D;
decompensated liver cirrhosis, Child-Pugh Class C.

TREATMENT
The patient was not a candidate of transplant, surgical resection, or palliative
chemotherapy due to the baseline poor hepatic function. He was started on oral
prednisolone with a dose titrated up to 60 mg daily. There were less hypoglycemic
episodes and the patient showed improvements in the severity of hypoglycemia.
However, he still required on and off glucose supplements to maintain glucose
homeostasis. While waiting for the trial of trans-arterial chemoembolization and
radiotherapy, he developed hospital-acquired pneumonia. And concurrently his
plasma glucose dropped and became difficult to correct again (Figure 2).

OUTCOME AND FOLLOW-UP
The patient opted for inpatient hospice care and died of septic shock on day 19 of
hospitalization.

DISCUSSION
NICTH is a rare complication seen in patients with HCC. In the present case, the
patient had advanced cirrhosis without regular follow up for a year, so it’s unclear
when the HCC first developed. Interestingly, acute hypoglycemic encephalopathy
occurred as the sole initial clinical symptom prior to the diagnosis of HCC. Different
from a few previously reported cases[5-9], our patient had a very poor hepatic function
and nutritional status which could both contribute to his hypoglycemia to some extent.
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Figure 1 Arterial phase of abdominal computed tomography showed a centrally necrotic mass in the left hepatic lobe, measuring 6.7 cm
× 6.5 cm (orange arrow). A: Axial view; B: Coronal view; C: Sagittal view.

Figure 2 Capillary blood glucose trend.

He might have developed chronic hypoglycemia with diminished awareness during
the past year since there were no signs of sympathetic activation. This might obscure
other underlying causes of hypoglycemia if patient was not assessed thoroughly.
However, his glucose level fluctuated drastically and was very difficult to correct.
Further investigation for NICTH is merited given high risk of malignancy.
Two types of NICTH (type A and B) are seen in HCC patients[10]. Type A often
occurs at the terminal stage of disease when there is an increased glucose consumption
by the tumor on top of a progressive reduction in glucose supply due to hepatic failure
on the residual liver tissue and in part due to malnutrition. The tumor mass is usually
rapid growing and poorly differentiated, associated with severe anorexia, muscle
wasting and weight loss. But hypoglycemia is often mild and relatively easier to
correct[11,12]. Type B, less common than type A, is related to an overproduction of IGF-2
and its precursors by the tumor. It often occurs at the earlier course of the disease and
is thought to be a paraneoplastic syndrome. The severity of hypoglycemia is
predominant and is often difficult to control. Glucose utilization by the tumor might
also contribute to the hypoglycemia but is not a significant pathway[9]. The excess of
IGF-2 Messenger RNA overwhelms the enzyme transforming pro-IGF-2 to mature
IGF-2, thus producing various sizes of incompletely processed and unprocessed proIGF-2, the so called “big IGF-2”[3,13]. Normally most of serum IGF-2 is transported in
the form of a 150 kDa ternary complex together with insulin-like growth factorbinding protein 3 and acid-labile sub-unit. But the “big IGF-2” mainly forms a 50 kDa
binary complex with only insulin-like growth factor-binding protein 3. These binary
complexes have a higher biological activity and can readily cross the capillary
membrane to interact with insulin receptors in the liver, adipose tissue, and skeletal
muscle due to their smaller size, leading to more glucose uptake and inhibition of
gluconeogenesis[14,15]. By interacting with the IGF-1 receptors in the hypothalamus, the
excess of pro-IGF-2 and IGF-2 inhibits the secretion of growth hormone, which in turn
suppresses the production of IGF-1, insulin-like growth factor-binding protein 3, and
acid-labile sub-unit. Therefore, more amount of free IGF-2 might gain access to the
target tissue[16-19].
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As to our patient, IGF-2 was inappropriately normal for the extremely low IGF-1
level. An IGF-2/IGF-1 ratio greater than 10 has been proposed to be enough to confirm
the diagnosis of NICTH[16,20,21]. IGF-2 might be falsely normal in our patient because the
sample was collected after the first dose of prednisolone was administered, which was
able to inhibit the production of IGF-2[22]. In addition, serum IGF-2 levels in NICTH are
often not elevated partially because most “big IGF-2” are not measured by common
commercially available assay[16,23,24]. It has also been found by a few case reports that
the levels of serum IGF-2 were decreased or normal in contrast to an increased proIGF-2 in NICTH[25,26]. Pro-IGF-2 was not measured in this patient because the test was
not available in our setting. Although we are not able to entirely exclude the
possibility of excessive glucose consumption by the tumor, the tumor mass was not
extensive, only occupying part of the left lobe, and the level of AFP was not
significantly elevated, indicating mild biological activities. The hepatic failure was
more likely due to his advanced cirrhosis rather than the tumor. Therefore, we believe
that our case fits more into type B rather than type A NICTH.
Priority of management of NICTH is still tumor resection. In inoperable patients,
several treatment options of local tumor cytoreduction are recommended, including
percutaneous ethanol injection and trans-arterial chemoembolization[27,28]. Systemic
chemotherapy, such as Sorafenib or FOLFOX (oxaliplatin and 5fluorouracil/leucovorin), has also been showed to be effective[29]. In addition, emerging
drugs that directly inhibit the IGF signals (PI3K-AKT-TOR or RAF-MEK-ERK) are
under investigation[30]. In case that the primary malignancy cannot be treated,
palliative medical management can be chosen. Glucocorticoid together with frequent
high carbohydrate meals and IV glucose infusions is an ideal option to achieve longterm prevention of hypoglycemia. Glucocorticoid, on one hand, stimulates hepatic
gluconeogenesis and inhibits peripheral glucose uptake; on the other hand, can reduce
the level of “big IGF-2” either by decreasing tumor production or by promoting the
maturation of pro-IGF-2 and the formation of normal ternary complexes[22,31-33]. Other
than glucocorticoid, glucagon, growth hormone, and octreotide infusion are also
recommended, but their effects are transient and limited[2,8,34,35]. Our patient initially
showed responses to high-dose prednisolone, but it failed to last for a long time
mainly because of a poor hepatic reserve from cirrhosis. And the concurrent sepsis and
pneumonia further destroyed patient’s ability to maintain the euglycemic status.

CONCLUSION
In conclusion, paraneoplastic NICTH should be considered in the evaluation of
refractory hypoinsulinemic hypoglycemia in patients with risk factors of HCC, even in
the setting of chronic fasting hypoglycemia induced by severe hepatic failure and
malnutrition. NICTH can occur as the only initial presentation of HCC. Oral
corticosteroids and frequent high carbohydrate meals are often recommended but the
outcome is unfavorable in general if tumor removal is not possible.
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Abstract
The “six-and-twelve” (6&12) score is a new hepatocellular carcinoma (HCC)
prognostic index designed for recommended transarterial chemoembolization
(TACE) candidates. Quick and easy to use by the sum of tumor size (cm) and
number, this model identifies three groups with different survival time (the sum
is ≤ 6; or > 6 but ≤ 12; or > 12); a survival benefit with TACE can be expected for
HCC patients with a score not exceeding twelve. Recently, Wang ZW et al showed
that the “6&12” model was the best system correlated with radiological response
after the first TACE. Thus, we wanted to assess its survival prediction ability as
well as its prognostic value and compared it to other systems (Barcelona Clinic
Liver Cancer, Hong Kong Liver Cancer (HKLC) staging, Albumin-Bilirubin grade,
tumor nodularity, infiltrative nature of the tumor, alpha-fetoprotein, Child-Pugh
class, and Performance Status score, Cancer of the Liver Italian Program, Model to
Estimate Survival for HCC scores, up-to-seven criteria) different from Wang ZW
et al study in a multicenter French cohort of HCC including only recommended
TACE candidates retrospectively enrolled. As previously demonstrated, we show
that the "6&12” score can classify survival within this French cohort, with a
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prognostic value comparable to that of other systems, except HKLC staging. More
importantly, the “6&12” score simplicity and ability in patients’ stratification
outperform other systems for a routine clinical practice.
Key words: Hepatocellular carcinoma; Transarterial chemoembolization; “Six-and-twelve”
score; Prognosis; Albumin-Bilirubin grade; Tumor nodularity, infiltrative nature of the
tumor, alpha-fetoprotein, Child-Pugh class, and performance status score
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Not all-intermediate stage hepatocellular carcinoma (HCC) benefit from
transarterial chemoembolization (TACE). The recent “six-and-twelve” (6&12) score is an
easy to use prognostic model that ensure a quick and appropriate patient’ selection before
the first TACE in Chinese cohorts. In this multicenter French cohort of HCC, the “6&12”
score can also classify survival among recommended TACE candidates with a good
prognostic performance. It may help clinicians in routine clinical practice.
Citation: Adhoute X, Pénaranda G, Raoul JL, Bronowicki JP, Anty R, Bourlière M. “Six-andtwelve” score for outcome prediction of hepatocellular carcinoma following transarterial
chemoembolization. In-depth analysis from a multicenter French cohort. World J Hepatol 2020;
12(8): 525-532
URL: https://www.wjgnet.com/1948-5182/full/v12/i8/525.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i8.525

TO THE EDITOR
We have read with great interest the study by Wang et al[1] who assessed and
compared different prognostic models for hepatocellular carcinoma (HCC) patients
undergoing transarterial chemoembolization (TACE) treatment, especially the latest
“six-and-twelve” (6&12) score[2] within a nationwide Chinese HCC cohort (n = 1107).
Increased survival after TACE is correlated with radiological response[3,4] and this
study shows that the “6&12” index is the best system correlated with radiological
response after the first TACE. The study population was more heterogeneous than the
population used to develop the score, including patients with slightly altered
performance status (PS) and logically a model like the 3rd version of the hepatoma
arterial-embolization prognostic score[5] (which include liver function parameters) had
a higher predictive value for survival. However, simplicity (using two cut-off values
for risk stratification) and presumed reliability of the “6&12” score have convinced us
to assess once again[6] the reproducibility and the predictive value of this new model in
a multicenter French cohort of HCC patients including only recommended TACE
candidates (n = 324) ie intermediate and early unresectable stages according to the
treatment stage migration concept. We compared it to other systems different from
Wang et al[1]’s study (Barcelona Clinic Liver cancer[7] (BCLC) staging, Child-Pugh (CP)
class, Albumin-Bilirubin[8] (ALBI) grade, NIACE[9] [tumor nodularity, infiltrative
nature of the tumor, alpha-fetoprotein (AFP), CP class, and PS] score (Table 1)) using
time-dependent area under receiver operating characteristic curve (AUROC) values
and C-indices.
Patients were retrospectively enrolled over a six years period in two centers
(Marseille, Nancy). Demographic and clinical characteristics of HCC patients are
shown in Table 2. HCC patients were mostly male (85%), with a median of age of 68
years. Cirrhosis was present in 96% of cases, CP class A (77%), CP class B7 (23%).
Underlying liver disease was mostly related to alcohol abuse (38%) or viral C hepatitis
(40%). Patients were BCLC stage B (n = 179), BCLC stage A (n = 145). HCC were
multinodular in 71% of cases and the median tumor diameter was 35 mm (25-50). The
mean session number of conventional TACE was 2.7 ± 1.8.
After a median follow-up duration of 24.4 (15.0-36.8) mo, eighty one percent of
patients died. Kaplan-Meier analyses showed significant differences in overall survival
(OS) distributions across subgroups of BCLC staging, “6&12” (Figure 1) and NIACE
scores within this cohort (P < 0.05) (Table 3). Liver function at baseline also had an
impact on survival; median OS was significantly different according to the CP class
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Table 1 Summary of points-based scores
CLIP (0 to 7 points)

MESH (0 to 6 points)

NIACE (0 to 7 points)

Portal vein thrombosis

1 point

Tumor extent: Beyond Milan
criteria

1 point

Tumor nodules ≥ 3

1 point

AFP ≥ 400 ng/mL

1 point

Vascular invasion and/or
Extrahepatic spread

1 point

Infiltrative HCC

1.5 points

Nodular HCC

0 point

AFP ≥ 200 ng/mL

1.5 points

Child-Pugh grade A

0 point

PS ≥ 2

1 point

B

1 point

Child-Pugh grade ≥ A6

1 point

C

2 points

Unidolar and extension ≤ 50% 0 point

AFP ≥ 20 ng/mL

1 point

Child-Pugh grade A

0 point

Multinodular and extension ≤ 1 point
50%

Alkaline phosphatase ≥ 200 IU/l

1 point

Child-Pugh grade B

1.5 points

PS ≥ 1

1.5 points

Tumor extent

Massive or extension > 50%

2 points

CLIP: Cancer of the Liver Italian Program; MESH: Model to Estimate Survival for Hepatocellular carcinoma; NIACE: Tumor nodularity, infiltrative nature
of the tumor, alpha-fetoprotein, Child-Pugh class, and performance status.

[CP-A, 27 (25-31) mo; CP-B7, 21 (15-24) mo (P = 0.0003)], or ALBI grade [grade 1, 35
(25-43) mo; grade 2, 26 (22-28) mo; grade 3, 16 (12-24) mo (P = 0.0029)].
Performances of the “6&12” score and other systems for survival prediction are
indicated in Table 4. Time-dependent AUROC values and C-indices of the “6&12”
score was not significantly different from those of other systems. We checked our
results within the main cohort from Marseille (n = 252) (Table 2) by comparing the
“6&12” score to other staging scoring systems (Hong Kong Liver Cancer[10] (HKLC),
Cancer of the Liver Italian Program[11] (CLIP), Model to Estimate Survival for HCC[12]
(MESH), up-to-seven criteria[13]). Significant differences in survival distributions were
also found across subgroups of the “6&12” score and other systems within this single
center cohort (P < 0.05) (Table 5). Its predictive value remained comparable to that of
other systems [C-index “6&12” 0.63 (0.56-0.70) vs CLIP 0.70 (0.62-0.78) vs “up-toseven” 0.61 (0.56-0.66) vs MESH 0.71 (0.63-0.78), not significant] except for HKLC
staging, which provides a better prognostication ability [3-year AUROC (“6&12”) 0.56
(0.44-0.68) vs (HKLC) 0.69 (0.65-0.74), P = 0.0325] using a more complex stratification
into five subgroups.
Firstly, our findings confirm previously published results[1,2], the “6&12” score can
classify survival among recommended TACE candidates. Its prognostic performance
was similar within our cohort compared to Wang et al[2] original study [3-year AUROC
values: 0.64 (0.58-0.71) vs 0.65 (0.61, 0.70); C-indices: 0.66 (0.58-0.74) vs 0.66 (0.63, 0.69)
(Table 4)], and higher than that observed in this nationwide Chinese cohort[1] [c-index:
0.58 (0.56, 0.60)]. Moreover, HCC patients with the highest tumor burden [sum of
largest tumor size (cm) and number exceeding 12] have a median survival of 15 mo
similar to Wang et al[1]’s manuscript. Thus, this model can also identify within our
population a subgroup of patients with poor prognosis who may not achieve benefit
from TACE. The “6&12” risk stratification into three subgroups is relevant. Indeed, the
first one (sum of tumor size and number not exceeding six) identifies TACE candidates
with long-term survival especially those who may achieve a complete necrosis after
this treatment[14,15]. Moreover, TACE is also an effective therapy for the second
subgroup (sum of tumor size and number above six and not exceeding twelve), which
has clear boundaries unlike intermediate stage subclassifications[16,17] that divide tumor
burden according to the up-to-seven criteria (within/out).
Secondly, in our study the “6&12” score prognostic value is comparable to that of
other systems, but most of these models cannot be used to guide treatment decision
directly. “6&12” simplicity outweighs other systems for a current clinical practice
including models with online calculator[5]. Indeed, therapeutic management is
determined using a multidisciplinary approach and control of different published
prognostic scores for TACE by clinicians (surgeons, oncologists, hepatologists and
radiologists) is very unusual. By adding “the sum of largest tumor size and number”,
it is true that consensus is easy to achieve among all clinicians. Moreover, other
scores[9] encompass other baseline features that are likely to impact OS such as
morphology of the tumor[18], but those parameters are not routinely recorded, which
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Table 2 Baseline characteristics of hepatocellular carcinoma patients undergoing transarterial chemoembolization treatment, n (%)
Demographic variables

Marseille/Nancy cohort, n = 324

Marseille cohort1,n = 252

Age - Median [Q1-Q3], year

68 [62-74]

68 [60-73]

Gender Male/female

276 (85)/48 (15)

214 (85)/38 (15)

Liver disease HCV/HBV/Alcoholism/MS/other

129 (40)/14 (4)/122 (38)/42 (13)/17 (5)

109 (43)/12 (5)/84 (33)/37 (15)/10 (4)

ECOG (PS-0)

324 (100)

252 (100)

Cirrhosis

311 (96)

243 (96)

Tumor Size – mm - median [q1-q3]

35 [25-50]

32 [25-44]

Nodule (s): 1/2/3/4/≥ 5

95 (29)/72 (22)/80 (25)/38 (12)/39 (12)

83 (33)/67 (27)/34 (13)/31 (12)/37 (15)

AFP – ng/mL, median [q1-q3]

16.3 [6.0-120.3]

11.2 [5.0-77.7]

PT (%), median [q1-q3]

76 [64-88]

78 [68-88]

Albumin (g/L), median [q1-q3]

35 [28-38]

36.6 [32.7-41.0]

Total bilirubin (mcmol/L), median [q1-q3]

19.0 [13.7-28.7]

17 [11-27]

Child - Pugh grade A/B7

249 (77)/75 (23)

180 (71)/72 (29)

ALBI1 class

64 (20)/230 (71)/30 (9)

37 (15)/175 (73)/29 (12)

145 (45%)/179 (55%)

134 (56)/107 (44)

“6&12” score allocation n ≤ 6/> 6 - ≤ 12/> 12

154 (48)/163 (50)/7 (2)

130 (54)/106 (44)/5 (2)

NIACE score allocation ≤ 1/1.5 - 3/> 3

168 (52)/134 (41)/22 (7)

CLIP1 score allocation 0/1/2/≥ 3

-

55 (23)/135 (56)/45 (19)/ 6 (2)

MESH1 score allocation 0/1/2/3/4

-

41 (17)/77 (32)/78 (32)/37 (15)/8 (4)

Up-to-Seven model1 (In/Out)

-

176 (73)/65 (27)

-

89 (37)/43 (17)/65 (27)/24 (10)/21 (9)

Tumor variables:

Laboratory variables

1

BCLC stage A/B
1

1

HKLC stage 1/2a/2b/3a/3b

1

Available data for 241 patients for staging and scores calculation. The Albumin-Bilirubin (ALBI) score was calculated according to the . ALBI grades were
defined as ALBI grade 1 (score ≤ -2.60), ALBI grade 2 (score > - 2.60 and ≤ - 1.39) and ALBI grade 3 (score > - 1.39). Bilirubin level in mcmol/L and albumin
level in g/L; Up-to-seven criteria: With seven as the sum of the largest tumor size (in cm) + number of tumor(s). Barcelona Clinic Liver cancer (BCLC)
classification: Current (BCLC) staging considers solitary tumor > 2 cm or no more than 3 tumors not exceeding 3 cm in diameter (Performance Status-0,
Child-Pugh (CP) class A or B7 grade) as stage A. No tumor was classified at the very early stage of hepatocellular carcinoma (HCC) (BCLC 0) in this
multicenter French cohort. BCLC stage B HCC encompassed patients with multiple tumors beyond 3 cm, PS-0, CP A or B7 grade. Hong Kong Liver Cancer
classification: Early tumor: ≤ 5 cm, ≤ 3 tumor nodules; CP grade A (stage 1), CP grade B (stage 2a), -Intermediate tumor: ≤ 5 cm and > 3 tumor nodules or >
5 cm and ≤ 3 tumor nodules, CP grade A (stage 2b), CP grade B (stage 3a), - Locally-advanced tumor: > 5 cm, > 3 tumor nodules, CP grade A or B (stage
3b). HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; HCV: Hepatitis C virus; HBV: Hepatitis B virus; MS: Metabolic syndrome;
ECOG (PS): Eastern Cooperative Oncology Group (Performance Status); AFP: Alpha-fetoprotein; PT: Prothrombin Time; ALBI: Albumin-Bilirubin; BCLC:
Barcelona Clinic Liver Cancer; “6&12”: “Six-and-twelve”; NIACE: Tumor nodularity, infiltrative nature of the tumor, AFP, CP, PS; CLIP: Cancer of the
Liver Italian Program; MESH: Model to Estimate Survival for Hepatocellular carcinoma; HKLC: Hong Kong Liver Cancer.

limits their use.
Thirdly, TACE should be limited to HCC patients with preserved liver function, and
our results also highlight the importance of liver function in our population that
included only recommended TACE candidates. Our patients are older, with more
cirrhotic patients, and more alcohol-related diseases. This probably explains the
differences in survival observed between this multicenter French cohort and Wang
et al[2] original study, with OS ranging from 31.0 to 15.0 mo compared to 43.3 to 16.8 mo
(according to “6&12” score), respectively. However, OS observed in our cohort was
comparable to that of this nationwide Chinese cohort[1] including a more
heterogeneous population with OS ranging from 31.3 to 18.5 mo.
Fourthly, Wang et al[19] findings on ABCR score are not surprising. This model
designed for further TACE combines four parameters (AFP serum level, BCLC stage,
change in Child-Pugh grade, and radiological tumor Response), but unlike ART[20,21]
(assessment for re-treatment with TACE) model the highest coefficient is assigned to
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Table 3 Kaplan-Meier survival analysis according to “Six-and-twelve” score and other systems in the multicenter French cohort (n =
324)
Scoring/stage systems

OS [95%CI], mo

“6&12” score

P value (log-rank)

Sidak1

Hazard ratio [95%CI]

P value

< 0.0001

sum ≤ 6 (n = 154)

31 [27-35]

Ref

Ref

sum > 6 ≤ 12 (n = 163)

20 [17-24]

0.0009

1.55 [1.21-1.99]

0.0005

sum > 12 (n = 7)

15 [5-19]

< 0.0001

3.80 [1.76-8.21]

0.0007

BCLC staging

< 0.0001

A (n = 145)

35 [29-38]

NR

Ref

B (n = 179)

19 [17-23]

NR

1.88 [1.47-2.41]

NIACE score

< 0.0001

< 0.0001

≤ 1 (n = 168)

35 [28-36]

Ref

Ref

1.5 - 3 (n= 134)

20 [16-23]

< 0.0001

1.92 [1.49-2.48]

< 0.0001

> 3 (n = 22)

11 [5-16]

< 0.0001

6.23 [3.87-10.02]

< 0.0001

Child-Pugh class

0.0003

A (n = 249)

27 [25-31]

NR

Ref

B (n = 75)

21 [15-24]

NR

1.66 [1.26-2.19]

ALBI grade

0.0003

0.0029

Grade 1 (n = 64)

35 [25-43]

Ref

Ref

Grade 2 (n = 230)

26 [22-28]

0.1228

1.50 [1.06-2.11]

0.0216

Grade 3 (n = 30)

16 [12-24]

0.0016

2.30 [1.41-3.75]

0.0009

1

Sidak test for multiple comparisons. OS: Overall Survival; CI: Confidence Interval; “6&12”: “Six-and-twelve”; Ref: Reference; BCLC: Barcelona Clinic Liver
Cancer; NIACE: Tumor nodularity, infiltrative nature of the tumor, alpha-fetoprotein, child-pugh class, performance status; ALBI: Albumin-Bilirubin.

Table 4 Comparison of predictive accuracy for overall survival between “Six-and-Twelve” score and staging/scoring systems
(multicenter French cohort n = 324)
Scoring/stage
systems

1-yr AUROC

P (vs ref)

2-yr AUROC

P (vs ref)

3-yr AUROC

P (vs ref)

C-index

“6&12” score

0.65 [0.57-0.74]

Ref

0.65 [0.59-0.71]

Ref

0.64 [0.58-0.71]

Ref

0.66 [0.580.74]

BCLC staging

0.61 [0.54-0.67]

0.1827

0.64 [0.59-0.70]

0.7079

0.61 [0.55-0.68]

0.2317

0.61 [0.540.68]

NS

NIACE score

0.75 [0.68-0.83]

0.0134

0.69 [0.64-0.75]

0.2368

0.69 [0.63-0.74]

0.2827

0.70 [0.640.77]

NS

Child-Pugh class

0.56 [0.49-0.63]

0.1057

0.56 [0.51-0.60]

0.0217

0.55 [0.50-0.59]

0.0304

0.59 [0.550.64]

NS

ALBI grade

0.63 [0.57-0.69]

0.6835

0.56 [0.51-0.61]

0.0479

0.55 [0.49-0.61]

0.1033

0.62 [0.550.68]

NS

P (vs ref)

“6&12”: “Six-and-twelve”; AUROC: Area under receiver operating characteristic curve; C-index: Concordance index; Ref: Reference; BCLC: Barcelona
Clinic Liver Cancer; NS: Not significant; NIACE: Tumor nodularity, infiltrative nature of the tumor, alpha-fetoprotein, child-pugh class, performance
status; ALBI: Albumin-Bilirubin.

radiological tumor response.
In summary, in this multicenter French HCC cohort different staging/scoring
systems classify survival among recommended TACE candidates with a similar
predictive power. However, “6&12” score simplicity and ability in patients’
stratification outperform other systems for a routine clinical practice.
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Table 5 Kaplan-Meier survival analysis according to “Six-and-twelve” score and other systems in the main cohort from Marseille
(available data for 241 hepatocellular carcinoma patients)
Scoring/stage systems

OS [95%CI], mo

“6&12” score

P value (log-rank)

Sidak1

Hazard ratio [95%CI]

P value

0.0004

sum ≤ 6 (n = 130)

32 [28-36]

Ref

Ref

sum > 6 ≤ 12 (n = 106)

20 [17-25]

0.0017

1.61 [1.21-2.14]

0.0010

sum > 12 (n = 5)

16 [5-34]

0.0003

3.34 [1.35-8.25]

0.0092

CLIP

< 0.0001

0 (n = 55)

35 [30-68]

Ref

Ref

1 (n = 135)

28 [25-32]

0.0724

1.81 [1.23-2.67]

0.0028

2 (n = 45)

18 [15-23]

< 0.0001

2.86 [1.81-4.54]

< 0.0001

3 (n = 6)

10 [1-27]

< 0.0001

8.12 [3.35-19.67]

< 0.0001

HKLC

< 0.0001

1 (n = 89)

36 [30-40]

Ref

Ref

2a (n = 42)

25 [19-35]

0.0024

1.79 [1.18-2.72]

0.0060

2b (n = 65)

26 [19-34]

0.0749

1.45 [1.01-2.10]

0.0450

3a (n = 24)

17 [11-23]

< 0.0001

3.30 [2.03-5.36]

< 0.0001

3b (n = 21)

14 [11-16]

< 0.0001

4.55 [2.73-7.58]

< 0.0001

Up-to-Seven

0.0001

In (n = 176)

30 [27-35]

NA

Ref

Out (n = 65)

18 [15-24]

NA

1.81 [1.34-2.46]

MESH

0.0001

< 0.0001

0 (n = 41)

43 [35-70]

Ref

Ref

1 (n = 77)

30 [25-35]

0.1291

2.16 [1.33-3.48]

0.0017

2 (n = 78)

26 [19-34]

0.0490

2.30 [1.41-3.74]

0.0008

3 (n = 37)

15 [10-21]

< 0.0001

6.02 [3.51-10.33]

< 0.0001

4 (n = 8)

13 [4-24]

< 0.0001

9.69 [3.86-24.36]

< 0.0001

1

Sidak test for multiple comparisons. “6&12”: “Six-and-twelve”; OS: Overall Survival; CI: Confidence Interval; Ref: Reference; CLIP: Cancer of the Liver
Italian Program; HKLC: Hong Kong Liver Cancer; MESH: Model to Estimate Survival for Hepatocellular carcinoma.
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Figure 1 Kaplan-Meier analysis of overall survival according to “Six-and-twelve” criteria in the multicenter French HCC cohort (n = 324).
TACE: Transarterial chemoembolization.
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Abstract
Diabetes mellitus (DM) negatively affects the development and progression of
chronic liver diseases (CLD) of various etiologies. Concurrent DM and CLD are
also associated with worse clinical outcomes with respect to mortality, the
occurrence of hepatic decompensation, and the development of hepatocellular
carcinoma (HCC). Unfortunately, early diagnosis and optimal treatment of DM
can be challenging, due to the lack of established clinical guidelines as well as the
medical complexity of this patient population. We conducted an exploratory
review of relevant literature to provide an up-to-date review for internists and
hepatologists caring for this patient population. We reviewed the epidemiological
and pathophysiological associations between DM and CLD, the impact of insulin
resistance on the progression and manifestations of CLD, the pathogenesis of
hepatogenic diabetes, as well as the practical challenges in diagnosis and
monitoring of DM in this patient population. We also reviewed the latest clinical
evidence on various pharmacological antihyperglycemic therapies with an
emphasis on liver disease-related clinical outcomes. Finally, we proposed an
algorithm for managing DM in patients with CLD and discussed the clinical and
research questions that remain to be addressed.
Key Words: End stage liver disease; Diabetes mellitus; Liver cirrhosis; Insulin resistance;
Non-alcoholic fatty liver disease; Liver diseases
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and dipeptidyl peptidase-4 inhibitors may exert a hepatic protective effect irrespective of
the degree of glycemic control.
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INTRODUCTION
The liver plays a major role in maintaining blood glucose homeostasis, including
glycogenesis and lipogenesis under feeding conditions as well as glycogenolysis and
gluconeogenesis under fasting conditions. The liver is also the primary site of insulin
clearance. Not surprisingly, diabetes mellitus (DM), a metabolic disease characterized
by impaired blood glucose regulation and altered insulin sensitivity, is strongly
associated with the development, progression, and consequence of chronic liver
diseases (CLD), as illustrated in Figure 1.

DIABETES AND CHRONIC LIVER DISEASES
Insulin resistance, occurring in the context of metabolic syndrome, is a wellestablished independent pathophysiological driver for the development of nonalcoholic fatty liver disease (NAFLD)[1]. An early study on non-obese patients revealed
that fasting insulin level and index of insulin resistance were nearly double in those
with NAFLD compared to healthy controls[2]. Subsequent cross-sectional studies have
shown that as much as 69%-87% of patients with type 2 DM (T2DM) have evidence of
NAFLD on imaging or histology[3,4], while 21%-45% of patients with NAFLD were also
found to have DM[5]. It is generally accepted that the presence of T2DM increases the
risk of developing NAFLD by 2-5 folds[6]. Indeed the most recent practice guidelines
from the American Diabetes Association (ADA) now make specific recommendations
regarding screening patients with prediabetes or T2DM for NAFLD[7], representing a
step up from prior guidelines published by the American Association for the Study of
Liver Diseases (AASLD) and the European Association for the Study of the Liver
(EASL), which only included a qualified recommendation about screening high-risk
patients due to significant gaps in knowledge concerning the treatment of NAFLD at
the time[8,9].
The impact of insulin resistance and DM holds true for other etiologies of CLD as
well. Insulin resistance, for example, was found to be an independent predictor of
fibrosis in non-diabetic patients with chronic hepatitis C virus (HCV) infection[10].
Hyperinsulinemia and hyperglycemia have also been associated with the development
of more severe fibrosis in patients with chronic HCV infection[11,12]. A recent Taiwanese
nationwide cohort study has further identified new-onset DM as an independent
predictor for cirrhosis and decompensation in patients with chronic hepatitis B virus
(HBV) or chronic HCV[13,14]. In alcoholic liver disease (ALD), BMI and fasting blood
glucose levels have been demonstrated to correlate with fibrosis score after adjusting
for daily alcohol intake and the total duration of alcohol use[15].
The relationship between DM and HCV infection is particularly noteworthy because
of its possible two-way association. There is epidemiological evidence to suggest that
diabetic patients are nearly 3.5 folds more likely to acquire HCV infection[16].
Conversely, HCV infection is associated with a 1.5-1.7 fold excess risk of new-onset
T2DM development[17,18]. Although the exact mechanisms of action remain elusive, it is
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Figure 1 Impact of diabetes on various stages of chronic liver diseases. NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; ALD:
Alcoholic liver disease; HCC: Hepatocellular carcinoma.

postulated that the metabolic disturbances associated with DM may favor HCV
survival as evidenced by reports that insulin resistance positively correlates with HCV
viral load[10]. Meanwhile, insulin resistance and DM are also increasingly being
recognized as metabolic extrahepatic manifestations of chronic HCV infection. HCV
may exert a direct cytopathic effect on pancreatic islets and induce β-cell death via a
caspase 3-dependent pathway[19,20]. In addition, HCV core protein has been shown to
promote ubiquitination of insulin receptor substrate (IRS)-1 and -2 in transfected
hepatoma cells and a transgenic mouse model[21,22], thereby interrupting hepatic insulin
signaling resulting in hepatic insulin resistance. Finally, dipeptidyl peptidase-4 (DPP4) expression was found to be upregulated by HCV nonstructural protein while
interferon therapy led to decrease serum DPP-4 activity in HCV-infected patients[23,24],
providing support for another mechanism of HCV-induced insulin resistance via the
glucagon-like peptide-1 (GLP-1) pathway[25].

DIABETES AND END-STAGE LIVER DISEASES
Once CLD progresses to end-stage liver disease (ESLD), the presence of DM continues
to predict more severe diseases and worse clinical outcomes. On the one hand, the
prevalence of DM positively correlates with the severity of liver disease based on the
Child-Pugh (CP) class or Model for End-Stage Liver Disease (MELD) score[26,27]. On the
other hand, multiple prospective studies on patients with compensated/
decompensated cirrhosis of various etiologies have consistently demonstrated lower
survival, as much as a 40% reduction in 5 years, in the diabetic group compared to the
non-diabetic group[28-30]. There is evidence that even the presence of subclinical
impaired glucose tolerance (IGT) predicts worse short-term and long-term survival in
cirrhotic patients[29,31,32]. It is noteworthy that the higher mortality in these diabetic
patients is due not to the classical DM-related micro-/macrovascular diseases, but
complications of liver failure[33]. Clinically, baseline DM status was shown to be
independently associated with the development of ascites, renal dysfunction, and
bacterial infections during long-term follow-up in a cohort of cirrhotic patients with
chronic HCV infection[34]. DM is also associated with more severe hepatic
encephalopathy in cirrhotic patients independent of the severity of liver disease[35].
Most importantly, the incidence of hepatocellular carcinoma (HCC) and HCC-
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specific mortality are nearly double in patients with preexisting DM based on a metaanalysis of 28 prospective epidemiological studies[36]. The risk for HCC is further
increased by up to 10 folds when combined with alcohol consumption and/or viral
hepatitis[37,38]. The impact of DM on the risk for HCC is particularly dramatic in
patients with certain single nucleotide polymorphisms in the patatin-like
phospholipase domain containing 3 (PNPLA3) gene, which was known to increase the
risk for HCC in alcoholic cirrhosis[39]. A case-control study of nearly 500 HCC patients
revealed an adjusted odds ratio of 19.11 for diabetic patients with the GG genotype
compared to that of 2.65 for non-diabetic controls with the same genotype[40].
Remarkably, cirrhosis is only present in 50% of patients with NAFLD-related HCC[41],
suggesting that the mechanism of hepatocarcinogenesis in the context of metabolic
syndrome may be different from the classical mechanism involved in cirrhosis. It is
postulated that hyperinsulinemia is central to the pathophysiological effects of DM on
HCC development by upregulating growth signaling pathways[42], promoting an
inflammatory milieu[43], activating hepatic progenitor cells[44], and stimulating
angiogenesis[45].
Regardless of the etiology of underlying CLD, the diagnosis of HCC carries a poor
prognosis with median survival measured in the order of months[46]. A recent metaanalysis of over 9000 HCC cases concluded that DM status is associated with lower
overall/disease-free survival in patients receiving hepatic resection as well as lower
overall survival in patients receiving non-surgical treatments[47]. This reduction in
overall survival may partly be attributable to an increased risk of postoperative
complications, including hepatic decompensation, intractable ascites, and
intraperitoneal infection, as demonstrated by several regression studies on HCC
patients undergoing hepatic resection[48,49]. Similarly, there is evidence that diabetic
patients undergoing transarterial chemoembolization (TACE) are at an increased risk
for hepatic decompensation, liver abscess formation, and prolonged acute renal
failure[50,51].

HEPATOGENIC DIABETES
It is worth noting that not only is DM a risk factor for ESLD but it can also be a
complication of ESLD. Hepatogenic diabetes is characterized by the development of
hyperinsulinemia, insulin resistance, and β-cell dysfunction after the onset of cirrhosis,
often in the absence of traditional risk factors, such as a family history of DM or
obesity. As illustrated in Figure 2, it is postulated that hyperinsulinemia occurs in
cirrhosis as a result of decreased insulin clearance by the damaged liver and increased
portosystemic shunting. This notion is supported by evidence that hyperinsulinemia
worsens after transjugular intrahepatic portosystemic shunt (TIPS) placement in
diabetic patients[52], yet improves with portosystemic shunt occlusion by balloonoccluded retrograde transvenous obliteration (BRTO)[53]. There is also evidence that
cirrhotic patients may develop exaggerated β-cell responsiveness to glucose as well as
pancreatic islet hypertrophy, resulting in increased insulin secretion[54].
Sustained hyperinsulinemia can, by means of an array of negative feedback
mechanisms[55-57], give rise to insulin resistance in peripheral adipose tissues and
skeletal muscles, resulting in reduced insulin-stimulated non-oxidative glucose
disposal[58]. The hyperglycemic effect of reduced glucose disposal can be further
amplified by cirrhosis-induced sarcopenia and impaired glucose effectiveness[59].
Moreover, certain etiologies of CLD may exert additional disease-specific mechanisms
of insulin resistance, in a similar fashion to HCV-induced DM[21]. Chronic alcohol
exposure, for instance, may inhibit insulin signaling pathways by altering intracellular
calcium level within hepatocytes[60], resulting in impaired insulin-mediated
suppression of hepatic glucose production[61]. Finally, there is evidence that hepatic
expression of DPP-4 is increased and GLP-1 is decreased in both chronic HCV and
NAFLD[25,62,63], resulting in hepatic insulin resistance and IGT.
As in the pathogenesis of T2DM, the development of pancreatic β-cell dysfunction
signals the body’s diminishing capacity to compensate for worsening insulin
resistance and marks the progression from IGT to frank DM[27]. Similar to the
development of insulin resistance, a number of disease-specific mechanisms of β-cell
dysfunction may be operating even before the onset of cirrhosis. Chronic alcohol
consumption and hereditary hemochromatosis, for instance, cause down-regulation of
glucokinase and increased oxidative stress, respectively, leading to increased β-cell
apoptosis and decreased glucose-induced insulin secretion[64,65]. In NAFLD, the
combination of chronic hyperglycemia and elevated free fatty acid levels lead to
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Figure 2 Mechanisms of action of hepatogenic diabetes.

dysfunction and death of pancreatic β-cells by glucolipotoxicity[66]. Meanwhile, chronic
HCV infection is thought to induce pancreatic islet destruction via a combination of
autoimmune-mediated and direct cytopathic mechanisms as abovementioned[19,20,67].
Eventually, the development of cirrhosis and hepatic decompensation further
exacerbates β-cell dysfunction due to the accumulation of advanced glycation end
products[68], which can inhibit glucose-stimulated insulin secretion and induce
apoptosis of β-cells[69,70].

DIABETES AND LIVER TRANSPLANTATION
In many cases, orthotopic liver transplantation (OLT) remains the only curative option
for patients with ESLD. Given the pathogenic effects of insulin resistance on oxidative
and inflammatory stresses, it is not surprising that multiple large-scale retrospective
studies have repeatedly demonstrated pre-transplant DM to be associated with
decreased post-transplant survival, independent of BMI or MELD score[71-73]. Pretransplant DM is also an independent predictor for postoperative complications,
including cardiovascular events, infections, renal dysfunction, and acute graft
rejection[71]. There is even evidence that the donor’s history of DM correlates with
increased recipient’s mortality as well as increased risk of graft failure[73], suggesting
that DM can exert biologically-significant damages to the liver without causing
clinically-detectable hepatic dysfunction.
Similarly, the presence of post-transplant DM, which occurs in about 30% of
patients undergoing OLT[74], has been linked to increased mortality as well as a higher
incidence of postoperative complications and acute rejection[73,75,76]. Although
preexisting overt DM may disappear in more than half of the patients after OLT[77],
pre-transplant DM remains one of the most important predictors for post-transplant
DM[78]. This observation is consistent with the findings that peripheral insulin
resistance is improved, but not completely normalized, after OLT[79]. Other recognized
risk factors for new-onset DM after transplantation, which affects 7%-18% of OLT
patients[77,80], include male gender[78,80], use of tacrolimus[80,81], and HCV infection[78,81].
Besides DM, metabolic syndrome and its other individual components, namely
hypertension, dyslipidemia, and obesity, are also found to be highly prevalent posttransplant[82]. Not only does it increases the incidence of cardiovascular events[83], but
the presence of post-transplant metabolic syndrome may also contribute to the
development of new-onset NAFLD after transplantation for non-NAFLD cirrhosis[84].
While there have been case reports of combined liver and islet transplantation in
cirrhotic patients with concurrent type 1 DM[85], the safety and utility of this technique
in patients with hepatogenic diabetes or T2DM is yet to be determined[86].

TRADITIONAL GLYCEMIC MARKERS FOR PATIENTS WITH LIVER
DISEASES
Given the abovementioned detrimental effects of DM on the development and
progression of CLD as well as the manifestation and management of ESLD, it is
reasonable to hypothesize that early diagnosis and optimal treatment of DM in
patients with CLD would be beneficial. Nonetheless, IGT and DM were identified in as
much as 38.5% and 19.2%, respectively, of patients with normal fasting plasma glucose
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(FPG) and compensated cirrhosis of various etiologies in a small prospective study[87],
which alluded to the practical challenges of managing DM in this patient population.
The first challenge is to establish an accurate diagnosis and to assess disease severity.
As summarized in Figure 3, the utility and accuracy of most glycemic markers are
restricted in patients with CLD.

Fasting plasma glucose
FPG is a simple and inexpensive test for diagnosing DM but its widespread adoption
is limited by the need for prolonged fasting and stringent processing requirements[88].
Although the test offers a reasonable intra-individual reproducibility[89], FPG can be
affected by stress, acute illness, and alcohol consumption. Moreover, the optimal FPG
threshold for diagnosing DM in patients with CLD/ESLD remains controversial.
Certain studies have reported that using thresholds of 100-125 mg/dL and ≥ 126
mg/dL, the sensitivities of FPG in detecting prediabetes and DM in high-risk
populations were as low as 28.9% and 55.7%, respectively[90,91]. In a study on patients
with HCV cirrhosis, 21% of patients with FPG < 110 mg/dL met the diagnostic criteria
for DM based on oral glucose tolerance test (OGTT) and regression analysis showed
that a threshold of 107 mg/dL, instead of 126 mg/dL should be used for diagnosing
DM in these patients[92]. It is unclear if the same threshold can be applied to patients
with other etiologies or severities of liver diseases.

Oral glucose tolerance test
OGTT is often considered the gold standard for diagnosing DM. It is the preferred
method for detecting gestational DM, cystic fibrosis-related DM, and post-transplant
DM[93]. Furthermore, it is the only way to formally diagnose IGT, which may be
particularly relevant to cirrhotic patients because of the implications on short-term and
long-term prognosis as abovementioned[29,31,32]. The major drawbacks of OGTT are the
need for prolonged fasting as well as the length and complexity of the test, which may
contribute to the poor reproducibility of OGTT in clinical practice[94]. Most importantly,
OGTT cannot be used to assess disease severity or treatment effectiveness because of
practical limitations and the lack of established OGTT-based glycemic targets.

Hemoglobin A1c
Since it was first proposed as a measure of glucose intolerance in 1976[95], glycated
hemoglobin (A1c) has evolved into one of the most broadly deployed tests for
diagnosing and monitoring DM. Its major advantages are the absence of a fasting
requirement and the relative ease of sample handling. A1c is particularly useful as a
marker for treatment effectiveness because it reflects average blood glucose over a
period of months instead of a single point in time. While it remains a useful glycemic
marker in most patients with mild liver diseases, the accuracy and validity of A1c in
patients with advanced liver diseases remained controversial. A small study involving
15 patients with compensated cirrhosis found 40% of subjects to have A1c results
below the non-diabetic reference range[96]. Another retrospective study on a cohort
decompensated cirrhotic patients undergoing liver transplantation evaluation revealed
a similar discordance between measured A1c and average blood glucose[97]. The poor
diagnostic performance of A1c is attributable to the well-described curvilinear
correlation between A1c and erythrocyte turnover[98], which can occur in patients with
CLD/ESLD as a result of hemorrhage related to portal hypertension and
coagulopathy, hemolysis caused by splenomegaly as well as impaired erythropoiesis
due to marrow suppression and nutritional deficiency[99]. A1c value can also be
affected unpredictably by blood transfusion[100,101]. More importantly, the inherent
biochemical characteristics of the glycation process limit the ability of A1c to capture
the excessive blood glucose lability exhibited by patients with CLD, as demonstrated
in a recent study that compared A1c against continuous glucose monitoring in diabetic
patients with cirrhosis[102]. This shortcoming may have crucial clinical implications
since glycemic variability was shown to be an independent predictor for fibrosis in
NAFLD as well as cardiovascular disease and all-cause mortality in the general
population[103,104]. Finally, there is evidence that alcohol consumption is independently
associated with lower A1c values, even adjusting for confounding factors such as FPG,
obesity, and anemia[105-107], likely as a result of an increase in the size of the hemoglobin
A1 fraction[108].
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Figure 3 Pros and cons of various glycemic markers. CLD: Chronic liver diseases; DM: Diabetes mellitus; IGT: Impaired glucose tolerance.

NON-TRADITIONAL GLYCEMIC MARKERS FOR PATIENTS WITH LIVER
DISEASES
Glycated proteins
Glycated albumin (GA) and fructosamine are ketoamines that are formed by nonenzymatic glycation of glucose to serum proteins in a similar fashion to the glycation
of hemoglobin. Due to the shorter half-life of albumin and other serum proteins, the
faster rate of albumin glycation compared to hemoglobin glycation, and the direct
exposure of serum proteins to serum glucose, GA and fructosamine are typically taken
to reflect glycemic control over 2-3 wk[109,110]. GA has proven to be a particularly useful
glycemic marker in patients with chronic kidney disease and/or on dialysis because,
unlike A1c, GA level is not affected by anemia, erythropoietin therapy, blood
transfusion, or hemodialysis[111,112]. Not surprisingly, the accuracy of GA and
fructosamine is negatively impacted by disease states that affect protein metabolisms.
Indeed, an older study on a small cohort of cirrhotic patients demonstrated an inverse
correlation between fructosamine levels and serum albumin levels [113]. A more recent
study comparing fructosamine against continual glucose monitoring confirmed the
poor association in diabetic patients with cirrhosis[102]. Several entities, including
albumin-corrected fructosamine, total protein-corrected fructosamine, and CLD-A1c,
have been proposed in an attempt to improve the diagnostic performance of GA and
fructosamine by correcting for variations in serum protein concentrations[114,115].
Unfortunately, the validity of these entities outside the study populations has not been
externally or prospectively verified.

Serum 1,5-anhydroglucitol
Serum 1,5-anhydroglucitol (1,5-AG) is a dietary monosaccharide that is normally
reabsorbed by the proximal renal tubules, but its reabsorption is competitively
inhibited by glucosuria in the setting of hyperglycemia. Serum 1,5-AG was found to be
a sensitive day-to-day glycemic marker in diabetic patients as well as a sensitive
diagnostic test in those at high risk of DM[116,117]. Nonetheless, there is evidence that 1,5-
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AG metabolism is affected in patients with liver diseases[118,119]. There is also a concern
that dietary intake may affect serum 1,5-AG level[120], which is particularly relevant to
the cirrhotic population due to the high prevalence of malnutrition.

MANAGEMENT OF DIABETES IN PATIENTS WITH LIVER DISEASES
The second challenge in the management of DM in patients with liver diseases is to
identify a safe and effective treatment strategy for this medically complicated
population, especially those with decompensated cirrhosis. It is well accepted that
basic lifestyle interventions, such as healthful diet, physical activity, alcohol/smoking
cessation as well as psychosocial support are fundamental to the medical management
of both DM and liver diseases. Nonetheless, antihyperglycemic medications are often
needed when patients fail to achieve targeted glycemic control through lifestyle
interventions alone. Attention must be paid to consider the unique mechanisms of
action, the side effect profiles, and the implications on liver diseases associated with
the use of these medications, as summarized in Figure 4. An up-to-date summary,
with a focus on liver-disease related outcomes, of the major clinical trials involving
these medications is provided in Supplementary Table 1.

Metformin
Metformin, which is often considered first-line oral therapy in T2DM due to its
favorable safety profile and cardioprotective effects[121], has been studied in both
diabetic and non-diabetic patients with biopsy-proven NAFLD[122-128]. Despite the
limitations of these small, open-label, or non-randomized published trials, the overall
evidence indicates that metformin use is associated with improvement in insulin
resistance, aminotransferase levels, and liver morphology[129]. Furthermore, several
large retrospective studies on diabetic patients with CLD of various etiologies have
demonstrated a 50%-70% reduction in HCC risk among those treated with
metformin[130-132], with one recent case-control study showing a dose-dependent
association[133]. Similar results, including a reduction in 5-year HCC incidence, liverrelated mortality, and transplantation, were obtained in a prospective study involving
specifically diabetic patients with HCV cirrhosis[134]. Additionally, metformin has been
shown to reduce the incidence of overt hepatic encephalopathy by 8 folds through
inhibition of glutaminase activity[135]. Most strikingly, a retrospective study on 250
diabetic patients with cirrhosis of various etiologies revealed that the continuation of
metformin after cirrhosis diagnosis nearly doubles the overall median survival across
all Child-Pugh classes[136].
Despite its remarkable morbidity and mortality benefits, metformin is often
withheld from patients with liver diseases due to an exaggerated concern for
metformin-associated lactic acidosis (MALA). It is worth noting, however, that
metformin is not intrinsically hepatotoxic and can be safely administered even in the
context of mildly abnormal transaminases[137]. In fact, animal studies have revealed a
protective potential of metformin against acetaminophen-induced hepatotoxicity[138,139].
Additionally, MALA is an exceedingly rare condition with an estimated incidence of <
10 per 100000 patient-years of exposure in patients without significant renal
impairment[140]. A recent retrospective study of over 132000 patients with newly
diagnosed T2DM found no significant difference in the risk of lactic acidosis in
patients prescribed metformin compared to those prescribed other antihyperglycemic
medications or no medication[141]. This is in contrast to its predecessor, phenformin,
which carries a significantly higher risk of lactic acidosis even at therapeutic drug
levels[142]. Finally, it is important to bear in mind that although metformin can increase
lactate production by promoting intestinal glucose utilization via the anaerobic
pathway as well as inhibiting hepatic lactate uptake and gluconeogenesis[143,144], lactate
is not toxic in itself and hyperlactatemia does not directly cause the clinical condition
of lactic acidosis[145].

Pioglitazone
The thiazolidinedione pioglitazone, an insulin-sensitizing peroxisome proliferatoractivated receptor-γ (PPAR-γ) agonist, is another extensively studied
antihyperglycemic agent that shows promise in the treatment of nonalcoholic
steatohepatitis (NASH). A small pilot study on non-diabetic patients with biopsyproven NASH resulted in normalization of aminotransferase levels in 72% of patients
as well as improvement in histological features of hepatic steatosis, hepatocellular
injury, parenchymal inflammation, and fibrosis in 67% of patients after 48 wk of
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Figure 4 Pros and cons of various antihyperglycemic medications. NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma; NASH:
Nonalcoholic steatohepatitis.

treatment[146]. Similar results except for a decrease in fibrosis score, which failed to
achieve statistical significance in two studies[147,148], were replicated in subsequent
randomized, placebo-controlled trials of various study designs involving both diabetic
and non-diabetic patients[147-150]. It is interesting to note that although its beneficial
effects are greater in patients with T2DM, pioglitazone use is associated with a
reduction in NAFLD activity score and resolution of NASH in 46% and 26%,
respectively, of patients without frank DM[151]. Given its low risk of inducing
hypoglycemia, pioglitazone may be uniquely suited in the treatment of selected NASH
patients with normoglycemia at baseline. Finally, there is limited in vitro and in vivo
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data suggesting that pioglitazone may inhibit HCC development[152,153], but these
findings have not been confirmed in human studies[154].
Lingering concerns regarding the long-term safety of thiazolidinedione therapy
stemmed from potential troglitazone-related hepatotoxicity, rosiglitazone-related
cardiovascular risks, and pioglitazone-related bladder cancer[155-157], remain a barrier to
the widespread use of pioglitazone in clinical practice. This is particularly relevant in
the face of findings that long-term rosiglitazone or pioglitazone therapy does not
impart additional improvement in metabolic or hepatic parameters compared to shortterm therapy[150,158]. A recently published expert panel statement, however, does
recommend the use of pioglitazone, either alone or in combination with a statin or
ezetimibe, for the primary or secondary prevention of cardiovascular disease as well
as the avoidance of cirrhosis, liver transplantation, or HCC in patients with
NAFLD/NASH[159]. Another barrier to the use of pioglitazone is its propensity to cause
significant weight gain, which may be dose-dependent[160], as demonstrated by
multiple systematic reviews and meta-analyses[161,162]. Finally, other than a small pilot
study that showed a reduction in hepatic steatosis on imaging in patients with human
immunodeficiency virus (HIV)/HCV coinfection[163], the use of pioglitazone in other
etiologies of CLD has not been thoroughly investigated.

α-glucosidase inhibitors
Although α-glucosidase inhibitors, such as acarbose, voglibose, and miglitol, enjoy
limited adoption amongst the general diabetic population due to its gastrointestinal
side effects of flatulence and diarrhea, they deserved to be recognized as a pluripotent
antihyperglycemic agent in patients with CLD. A randomized, placebo-controlled trial
of acarbose in diabetic patients with compensated cirrhosis, who are prone to
postprandial hyperglycemia partly due to decreased hepatic glucose uptake and
impaired glycogenesis[164], demonstrated a significant reduction in fasting glycemia,
postprandial glycemia, mean glycemic variation, and A1c in the treatment group[165].
By favoring saccharolytic, instead of proteolytic, intestinal bacterial flora, acarbose
treatment has also been shown to reduce serum ammonia level as well as to improve
intellectual function in a randomized, placebo-controlled trial, crossover study[166],
making it an effective regimen for the consolidated treatment of hyperglycemia and
mild hepatic encephalopathy. In a small pilot study of diabetic patients with biopsyconfirmed NASH, miglitol was found to reduce aminotransferase levels, hepatic
steatosis, and histological inflammation after 12 months of therapy[167]. Moreover,
voglibose was found to be effective in minimizing pioglitazone-induced weight gain in
the general diabetic population[168]. It is important to note that although there are rare
case reports of acarbose-related acute hepatitis[169], the medication is generally felt to be
safe in patients with CLD/ESLD since it is exclusively metabolized in the
gastrointestinal tract and has a very low systemic bioavailability[170]. This notion is
supported by a Taiwanese nationwide retrospective study, which discovered no
increased risk of liver injury amongst diabetic patients with severe renal insufficiency
regardless of the presence or absence of CLD[171].

GLP-1 receptor agonists
GLP-1 receptor agonists, such as exenatide and liraglutide, constitute an increasingly
popular class of incretin-based therapy for the treatment of T2DM thanks to their
ability to induce weight loss and their lower risk of hypoglycemia. The observations
that glucose-induced GLP-1 secretion and hepatic GLP-1 receptor expression are
deficient in NAFLD patients suggest GLP-1 agonism may exert a direct effect on
hepatocytes and may play a role in the treatment of NAFLD[62,172,173]. Several small
open-label studies have demonstrated reductions in hepatic steatosis,
aminotransferase levels, and liver fibrosis score after treatment with liraglutide in
diabetic patients with imaging findings of hepatic steatosis[174-176]. These findings were
further supported by a Japanese single-arm, open-label study, and a British doubleblinded, randomized, placebo-controlled trial of liraglutide on patients with biopsyproven NASH. The former showed significant improvement in histological
inflammation and fibrosis in 60%-70% of subjects after 96 wk of therapy[177], while the
latter showed histological resolution of NASH in 39% of subjects after 48 wk of
therapy[178]. A reduction in hepatic triglyceride content was also observed in a small,
open-label, randomized study of exenatide in diabetic patients with imaging findings
suggestive of NAFLD[179]. With regard to other etiologies of CLD, GLP-1 receptor
agonists were found to exhibit an inhibitory effect on alcohol consumption in animal
models[180,181]. It has also been reported that fasting serum GLP-1 levels were decreased
in patients with chronic HCV, but not those with chronic HBV[25]. It is worth noting,
however, that patients with HBV-, HCV-, or alcohol-related liver diseases were
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excluded from the original Liraglutide Effect and Action in Diabetes trials[182]. The
effects of GLP-1 agonism on other liver disease-related clinical outcomes, such as
encephalopathy and HCC development, have yet to be thoroughly evaluated. Since
GLP-1 receptor agonists are eliminated by proteolytic degradation and glomerular
filtration, no dosage adjustment is necessary for patients with any degree of hepatic
impairment[183]. Caution is advised in patients with advanced cirrhosis given limited
therapeutic experiences in this vulnerable population.

DPP-4 inhibitors
DPP-4 is a ubiquitously expressed membrane-bound and circulating glycoprotein that
acts enzymatically on a variety of substrates, including GLP-1, gastric inhibitory
polypeptide (GIP), insulin-like growth factor-1 (IGF-1), neuropeptide Y and substance
P, as well as interacts non-enzymatically with many ligands, including adenosine
deaminase, caveolin-1, and CD45[184]. As such, DPP-4 inhibitors, such as linagliptin,
saxagliptin, sitagliptin, and vildagliptin are thought to act upstream of GLP-1 by
slowing its degradation, but they may also exert diverse metabolic, immunologic, and
neurologic effects via other GLP-1-independent pathways. Similar to GLP-1 receptor
agonists, DPP-4 inhibitors are considered weight neutral and carry a low risk of
hypoglycemia[185], but they have the added advantage of being oral agents. In the
context of liver diseases, hepatic DPP-4 expression was found to be upregulated in
patients with NAFLD while serum DPP-4 activity was reported to correlate with the
histopathologic grade of NASH as well as serological markers of liver damage[186-188]. In
addition, DPP-4 inhibition by specific inhibitors was demonstrated in several animal
models of NAFLD to attenuate hepatic steatosis[189,190]. There were two open-label trials
of sitagliptin, one reported a reduction in intrahepatic lipid content in diabetic patients
with clinical NAFLD, another reported improvements in hepatic steatosis and
ballooning in patients with biopsy-proven NASH irrespective of DM status[176,191].
Unfortunately, improvements in hepatic steatosis, liver fibrosis, or NAFLD activity
score were not observed in other randomized, placebo-controlled trials of
sitagliptin[192,193]. It is worth noting that the hepatic protective effects of DPP-4
inhibitors, which may be mediated through direct actions on hepatocytes via GLP-1
receptors[172], appear to occur irrespective of the degree of glycemic control[187].
Moreover, the observations in obese patients of increased expression of membranebound DPP-4 on visceral adipose tissue-derived dendritic cells as well as increased
release of soluble DPP-4 as adipokine from visceral adipocytes support the notion that
DPP-4 inhibition may play a role in modulating adipose tissue inflammation and
regulating adipose tissue metabolism[194,195], likely through a GLP-1-independent
pathway[196]. Finally, alteration in DPP-4 expression was observed in rat hepatoma cell
lines and human HCC specimens[197,198], raising the possibility that DPP-4 activity may
influence HCC development. It is prudent, however, to mention that although DPP-4
inhibitors were shown to be protective against cardiovascular diseases by improving
endothelial function and reducing inflammation[199,200], a recent meta-analysis of five
clinical trials revealed a slightly increased risk of hospital admission for heart failure
attributable to DPP-4 inhibitor use amongst diabetic patients with existing
cardiovascular risk factors[201]. Most DPP-4 inhibitors, except vildagliptin, are
considered safe in patients with mild or moderate hepatic impairment, although
caution is advised in patients with severe hepatic impairment due to limited
therapeutic experiences[183].

Sodium-glucose cotransporter-2 inhibitors
Instead of directly altering insulin availability or insulin sensitivity, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, including canagliflozin, dapagliflozin,
empagliflozin, and ertugliflozin, exert their antihyperglycemic effect by blocking
proximal renal tubular glucose reabsorption, thus leading to increased glucose
excretion in the form of glucosuria. SGLT-2 inhibitors carry a low risk of hypoglycemia
and are capable of inducing modest weight loss as well as lowering blood pressure[202].
They have been demonstrated in several animal models of NAFLD/NASH to improve
hepatic steatosis and liver fibrosis[203,204]. Improvement in hepatic steatosis as well as
reductions in various serological or imaging parameters of liver injury were also
observed in clinical trials of several SGLT-2 inhibitors in diabetic NAFLD
patients[205-211]. Most impressively, preliminary evidence indicates SGLT-2 inhibitors
may slow the proliferation of hepatoma cell lines and hinder xenograft tumor growth
in nude mice independent of their antihyperglycemic effect, suggesting that SGLT-2
inhibitors may attenuate HCC development via some unidentified mechanisms of
action[212]. The use of SGLT-2 inhibitors in other etiologies of CLD has not been
thoroughly investigated. Long-term safety data on the use of SGLT-2 inhibitors in
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cirrhotic patients is relatively scarce given limited therapeutic experiences, but
canagliflozin and ertugliflozin are generally considered safe in patients with mild or
moderate hepatic impairment[213,214]. Limited data is showing that empagliflozin can be
used without dosage adjustment across all degrees of hepatic impairment[215], while
dose reduction may be necessary for dapagliflozin in patients with severe hepatic
impairment[216].

Sulfonylureas and meglitinides
The second- and third-generation sulfonylureas, including glipizide, glyburide,
gliclazide, and glimepiride, and the meglitinides, repaglinide, and nateglinide, are
insulin secretagogues that stimulate insulin secretion from pancreatic β-cells. While
these medications are highly effective antihyperglycemic agents capable of lowering
A1c by 1%-2%[217], they also carry a high risk of hypoglycemia[218]. Patients with hepatic
impairment are particularly susceptible due to reduced drug inactivation and elevated
free drug concentration because both sulfonylureas and meglitinides are extensively
metabolized by the liver and are tightly bound to serum proteins. The risk of
hypoglycemia is further exacerbated in patients with cirrhosis as a result of impaired
hepatic gluconeogenesis, reduced hepatic insulin clearance, and peripheral
hyperinsulinism[219]. Alcohol consumption can predispose patients to hypoglycemia in
a similar fashion by impairing gluconeogenesis and glycogenolysis[220]. Conversely,
these medications may be rendered ineffective in chronic ALD or hemochromatosis
due to β-cell dysfunction and apoptosis[64,65]. Most notably, several case-control studies
have meta-analyses revealed an increased odds of HCC development by up to 3 folds
amongst patients with T2DM treated with sulfonylureas[131,221-223], possibly as a result of
hyperinsulinemia. Expert opinions advise that insulin secretagogues be avoided or
used with extreme caution in patients with CLD/ESLD[224].

Insulin
Despite the ever-expanding list of antihyperglycemic medications, insulin and insulin
analogs remain the safest and most effective glycemic therapy in patients with DM.
They can be used, with caution, even in patients with decompensated cirrhosis or
severe hepatic impairment[225,226]. Not surprisingly, hypoglycemia is a major limiting
side effect. On the one hand, cirrhosis can induce or exacerbate a state of
hyperinsulinemia and insulin resistance as abovementioned[219], which may increase a
patient’s insulin requirement. On the other hand, cirrhotic patients may exhibit an
exaggerated response to insulin due to impaired hepatic gluconeogenesis and
sarcopenia[227]. These opposing mechanisms of actions, together with symptoms of
nausea, bloating, and poor appetite experienced by many patients with CLD, make it
difficult to predict a patient’s day-to-day exogenous insulin requirement. Furthermore,
some cirrhotic patients, who are on β-blockers for variceal bleeding prophylaxis, may
experience an impaired hormonal counterregulatory response to insulin, resulting in
delayed recovery from hypoglycemia[228]. As such, expert opinions recommend the use
of short-acting insulin analogs as well as frequent dose adjustment and close glucose
monitoring to minimize the risk of hypoglycemia[229].
Weight gain of 3 to 9 kg associated with the initiation of insulin therapy, attributable
to the intrinsic anabolic properties of insulin, the central effects of insulin on appetite
and reward regulation, the non-physiological pharmacokinetics of exogenous insulin,
and the behavioral changes related to fear of hypoglycemia[230], is a well-documented
phenomenon amongst the general diabetic population[231]. This weight gain can be
particularly detrimental to patients with metabolic syndrome as it is predominantly
represented by fat mass and is likely to further exacerbate the underlying insulin
resistance, oxidative stress, and systemic inflammation[232], leading to worsening
metabolic diseases as well as increased risk of malignancy. Similar to the case of
sulfonylureas, data from observational studies suggest an association between insulin
therapy and HCC development amongst patients with T2DM[130,131]. Further studies are
needed to further delineate the oncogenic risk of insulin therapy versus the
cardiometabolic risk of uncontrolled hyperglycemia. Nonetheless, it may be prudent to
reserve insulin therapy in patients with CLD to those who are unable to receive or
inadequately managed by other antihyperglycemic medications.

GLYCEMIC TARGETS IN PATIENTS WITH LIVER DISEASES
After selecting an appropriate glycemic marker and formulating an effective
antihyperglycemic therapy plan, the third challenge in the management of DM in
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patients with CLD is to determine a reasonable glycemic target. For the general nonpregnant adult population, the ADA recommends an A1c goal of < 7%[233], which is
largely based on several landmark studies demonstrating decreased rates of
microvascular complications, such as retinopathy, neuropathy, and nephropathy, in
patients undergoing intensive glycemic control[234,235]. It is important to note, however,
that the higher mortality in patients with concurrent DM and CLD is predominantly
attributable to complications of liver failure, not DM-related micro-/macrovascular
diseases[33]. Unfortunately, except for a small cohort study on NAFLD patients
showing an association between improvement in A1c and improvement in liver
fibrosis on biopsy[236], the impact of glycemic control on the natural history of various
CLD etiologies has not been thoroughly investigated. It is also unclear if the degree of
glycemic control directly correlates with the incidence or severity of liver disease
complications. Although the ADA does recommend that less stringent A1c goals be
considered in selected patients with limited life expectancy, extensive comorbid
conditions, advanced micro-/macrovascular complications, or difficult to manage
diabetes[233], there is little data to guide the clinical decision-making process in practice.
Further studies are desperately needed to help determine the optimal glycemic targets,
in relation to the etiology of liver disease and the degree of decompensation, in
patients with CLD.

CONCLUSION
Given the abovementioned evidence, it is clear that DM plays a significant role in the
development and progression of CLD. DM can also occur as a consequence of or be
exacerbated by CLD. Most importantly, concurrent DM and CLD are associated with
worse clinical outcomes, including reduced survival, more severe liver failure-related
complications, and a higher incidence of HCC and HCC-specific mortality. It is,
therefore, imperative that practitioners astutely identify and closely monitor the
development of DM in any patient with CLD, bearing in mind that A1c may not be
accurate in patients with advanced liver diseases. Alternative glycemic markers, such
as FPG, OGTT, or CLD-A1c, may be needed to establish the diagnosis in patients with
moderate-to-severe anemia, frequent transfusion requirement, chronic alcohol
consumption, and/or fluctuating A1c levels. Once the diagnosis of DM is confirmed,
efforts should be made to incorporate the management of DM into the patient’s overall
treatment plan, with aims to slow the progression of CLD and to reduce the risk of
liver failure-related complications. A proposed treatment algorithm is presented in
Figure 5. Similar to the general diabetic population, lifestyle interventions involving a
calorie-restricted diet and moderate-intensity exercise should be considered first-line
treatment. If antihyperglycemic pharmacotherapy is deemed necessary, metformin
should be included as the backbone, unless otherwise contraindicated, given its
favorable safety profile, chemopreventive effect, and mortality benefit. GLP-1 receptor
agonists, DPP-4 inhibitors, and SGLT-2 inhibitors may be considered, even in patients
with mild-to-moderate hepatic impairment, given its low risk of hypoglycemia,
weight-neutral metabolic profile, and protective effect on hepatic steatosis and hepatic
fibrosis. α-glucosidase inhibitors may be useful in patients with concurrent
postprandial hyperglycemia and mild hepatic encephalopathy as a way to minimize
polypharmacy. Insulin therapy should be reserved for patients who failed other
antihyperglycemic medications and should entail frequent dose adjustment and close
glucose monitoring to minimize the risk of hypoglycemia. Sulfonylureas and
meglitinides should be avoided in most instances.
The aforementioned evidence also highlighted the importance of recognizing the
impact of insulin resistance and DM on other etiologies of CLD besides NAFLD. A
recent consensus statement endorsed by a panel of international experts has
revitalized the decades-long effort to revise the definition and nomenclature of
NAFLD[237], acknowledging the heterogeneity of the disease in relation to its natural
history, risk factors, clinical manifestations, and responses to treatment[238]. The newly
proposed definition of metabolic dysfunction-associated fatty liver disease (MAFLD)
no longer requires the exclusion of alcohol consumption or other concomitant liver
diseases. It also serves to promote research on patients with coexisting metabolic and
alcoholic liver disease, who were previously excluded from most NAFLD studies but
are in fact at high risk of disease progression[239].
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Figure 5 Proposed diabetes treatment algorithm in patients with chronic liver diseases. CLD: Chronic liver diseases; DM: Diabetes mellitus; FPG:
Fasting plasma glucose; OGTT: Oral glucose tolerance test; SGLT-2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-like peptide-1; DPP-4: Dipeptidyl
peptidase-4.

FUTURE DIRECTIONS
Despite our improved understanding of the interplay between DM and CLD, thanks
largely to research in the pathophysiology and management of NAFLD, many
pressing clinical questions remain to be addressed. First, an alternative glycemic
marker, whose diagnostic accuracy is not affected by altered erythrocyte turnover or
excessive glycemic variability, is desperately needed for diagnosing and monitoring
DM in patients with advanced liver diseases. Ideally, the test could be performed
without prolonged fasting and the result could be easily converted back to an A1cequivalent value. Second, the optimal glycemic target for slowing CLD progression
and preventing liver disease complications while minimizing the risk of hypoglycemia
needs to be established. It is reasonable to suspect that patients with various degrees of
decompensation would benefit from different glycemic targets. Third, a serological
marker for DM-related liver diseases akin to the use of urine albumin excretion to
screen for diabetic nephropathy should be investigated. A recent study has shown, for
example, that the circulating level of osteopontin (OPN), a soluble pluripotent
glycophosphoprotein and a proinflammatory cytokine, may be useful in diagnosing
NAFLD in patients with DM[240]. Fourth, given the impact of DM on the progressive of
CLD and liver disease complications, it would be interesting to see if the inclusion of a
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glycemic marker in the calculation of the MELD score would improve its predictive
value for the short-term survival and liver disease severity. Fifth, the long-term safety
and efficacy of the novel antihyperglycemic medications, including GLP-1 receptor
agonists, DPP-4 inhibitors, and SGLT-2 inhibitors, need to be thoroughly investigated,
especially in the non-NAFLD patient populations and with regard to liver diseaserelated clinical outcomes, such as encephalopathy and HCC development. Sixth, the
oncogenic risk of insulin therapy in the context of insulin resistance and chronic
hyperinsulinemia must be further evaluated. Seventh, considering the medical
complexity of patients with CLD, the risk for drug-induced liver injury from
polypharmacy, and the impact of glycemic control on transplant survival and
complications, it is worth debating if DM in patients with CLD would be best
managed by internists, endocrinologists, or hepatologists.
It is also important to acknowledge and address a number of systemic barriers in
order to facilitate advances in this area of research. Clinical studies on the
management of DM have traditionally focused on the micro-/macrovascular
complications of prolonged hyperglycemia instead of liver disease-related clinical
outcomes. In addition, patients with CLD are often excluded from clinical trials of
novel medications due to overwhelming concerns regarding hepatic dysfunction and
drug-induced liver injury. Conversely, there is an emphasis on the manifestations of
portal hypertension as well as the relatively short-term changes in morbidity and
mortality, instead of the systemic and long-term effects of insulin resistance, in the
management of CLD. While the rapidly worsening epidemic of metabolic syndrome
has certainly called to attention the impact of DM on the natural history of liver
diseases, most research efforts, especially in terms of novel treatment options, remain
restricted to the traditional definitions of NAFLD/NASH. We hope that the evolution
from NAFLD to MAFLD would help broaden future studies in this area to include
other etiologies of CLD as well over the next 5 to 10 years.
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Abstract
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related
deaths worldwide. If diagnosed early, curative treatment options such as surgical
resection, loco-regional therapies, and liver transplantation are available to
patients, increasing their chances of survival and improving their quality of life.
Unfortunately, most patients are diagnosed with late stage HCC where only
palliative treatment is available. Therefore, biomarkers which could detect HCC
early with a high degree of sensitivity and specificity, may play a crucial role in
the diagnosis and management of the disease. This review will aim to provide an
overview of the different biomarkers of HCC comprising those used in the
diagnosis of HCC in at risk populations, as well as others with potential for
prognosis, risk predisposition and prediction of response to therapeutic
intervention.
Key Words: Biomarkers; Hepatocellular carcinoma; Liver cancer; Cancer; Review; Serum;
Plasma; Scoring models; Algorithm; Genetic; Micro-RNA; miRNA; Diagnosis; Prognosis;
Liquid biopsy.
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: The use of ultrasound with/without alpha-fetoprotein in the context of screening
patients with chronic liver disease for the development of early stage hepatocellular
carcinoma that is treatable, remains problematic. Consequently there has been
considerable work done to examine biomarkers either individually, or in combination to
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address this deficiency. Whilst there are several promising targets (discussed in this
manuscript) for this indication it appears that Gender, Age: Lens culinaris agglutininreactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-γ-carboxy prothrombin, which
has been established in Europe and Japan, and remains to be so in North America, may be
clinically the best performer available.
Citation: Singh G, Yoshida EM, Rathi S, Marquez V, Kim P, Erb SR, Salh BS. Biomarkers for
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INTRODUCTION
Liver cancer is the sixth most common type of cancer globally and is ranked third for
the most cancer-related deaths[1]. Liver cancer is more prominent in men being the
second leading cause for cancer-related deaths and sixth in women[1]. Hepatocellular
carcinoma (HCC) accounts for 85%-90% of primary liver cancer cases[2]. The prevalence
of HCC is disproportionately high in areas with a high incidence of hepatitis B virus
(HBV). These areas mainly include sub-Saharan Africa and Eastern Asia[3]. It is
estimated that almost 80% of all HCCs are viral in etiology induced by both HBV and
hepatitis C virus (HCV)[4]. Other risk factors include chronic alcohol consumption,
non-alcoholic steatohepatitis (NASH) and cirrhosis arising from a variety of other
causes.
The development of HCC is recognized to be a multistep progress with dysplastic
macronodules transforming into early and then more aggressive tumors. A number of
driver mutations are associated with this process (Figure 1) including TERT (most
frequent, 60%), CTNNB1, TP53, CDKN2, ARID1A, AXIN1 as well as DNA gene
amplifications involving VEGFA (6p21) and FGF19/CNND1 (11q13), with continuing
in-depth exome sequencing turning up novel mutational signatures and risk
associations[5,6]. Unfortunately, none of these have any demonstrated value as
biomarkers for early disease.
The most widely used classification system, used for treatment decision making is
the Barcelona Clinic Liver Cancer (BCLC) algorithm[7]. Ideally, screening would enable
pick-up of lesions at early stages (O, A). Disappointingly, HCC is often diagnosed
during the advanced stages of the disease as the tumour is often asymptomatic until it
progresses and becomes large and infiltrating (stages B, C and D). Curative treatment
options such as liver resection, transplantation, and radio-frequency ablation are then
precluded due to the poor prognosis of the disease. Advanced-stage HCC nonoperative patients are often prescribed a vascular endothelial growth factor receptor
(VEGFR) and platelet-derived growth factor receptor β (PDGFR-β) tyrosine kinase
inhibitor, of which sorafenib is the prototypical drug. Sorafenib inhibits tumour
angiogenesis and increases median survival on average three months longer than
placebo, as reported in a phase 3, double-blind study[8].
A meta-analysis study revealed a median survival of less than one year for patients
with HCC diagnosed at advanced stage. However, if diagnosed early, the five-year
survival rate of HCC is estimated to be over 70%[9]. There is also a need for screening
patients who undergo successful treatment/resection, as HCC disease recurrence and
death occur in upto 70% and 50% respectively, after 5 years. Currently,
transabdominal ultrasound is the recommended modality for surveillance of patients
with cirrhosis[10], however this is of limited sensitivity for smaller lesions, where
repeated US scanning (USS) and/or further imaging in the form of either CT or MRI
may be required. On-going surveillance of high-risk individuals such as those who
have cirrhosis or chronic viral hepatitis can help increase the survival rates of those
diagnosed with HCC[7,11].
A biomarker, as defined by the World Health Organisation is: “Any substance,
structure, or process that can be measured in the body or its products and influence or
predict the incidence of outcome or disease[12]”. Biomarkers can be broadly categorized
into four types, each of which have received attention in HCC: Diagnostic, prognostic,
predisposing/risk and predictive[13]. Diagnostic biomarkers aim to detect, at an earlier
stage, the presence of a disease or condition. Prognostic biomarkers are used to
identify the likely outcome of disease progression or recurrence. Predisposition
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Figure 1 The development of hepatocellular carcinoma is recognized to occur through intermediate steps involving inflammation or
fibrosis (cirrhosis) via a variety of mechanisms. NASH: Non-alcoholic steatohepatitis; TERT: Telomerase reverse transcriptase; CTNNB1: Catenin beta 1;
TP53: Tumor protein 53; CDKN2: Cyclin-dependent kinase inhibitor 2A; ARID1A: AT-Rich Interaction Domain 1A; ARID2A: AT-Rich Interaction Domain 2A; VEGFA:
Vascular endothelial growth factor A; FGF19: Fibroblast growth factor 19; CNND1: Cyclin D1; HCC: Hepatocellular carcinoma.

biomarkers are used to indicate the likelihood of developing a certain condition or
disease, most commonly through identification of genetic mutations or subtypes.
Lastly, predictive biomarkers aim to evaluate the likelihood of a specific medical
intervention to have a favourable or unfavourable effect.

Markers for diagnosis of HCC
Alpha-fetoprotein: Alpha-fetoprotein (AFP), a glycoprotein and an oncofetal antigen
has been the most widely used biomarker to aid in the diagnosis of HCC[14]. Aberrant
production of AFP is observed in almost 50% of all HCCs[15]. However, this biomarker
is not specific for HCC, and can also be upregulated during chronic liver disease,
pregnancy, other malignancies of the gastrointestinal tract, as well as of the gonadal
region[16]. A meta-analysis report found that AFP assays for HCC diagnosis had a
pooled sensitivity of 51.9% and a specificity of 94%, yielding an area under the curve
(AUC) value of 0.81[17], (Table 1). Unfortunately, it lacks specificity at low levels (20
ng/dL), and may fail to detect small HCCs. AFP levels of 400 ng/dL or greater in
plasma are thought to be diagnostic of HCC and may indicate medical complications
such as greater tumor size, portal vein thrombosis, and an overall lower median
survival rate[18]. Due to these limitations, as well as being impacted by liver
inflammation thereby hindering the test’s ability to predict a true positive or a true
negative, active research to find a better alternative has yielded several potential
alternatives.
AFP-L3: Aberrant glycosylation of proteins is a known hallmark of cancer[19]. Lens
culinaris agglutinin-reactive AFP (AFP-L3) is the glycosylated isoform of AFP, which
has been found to be more sensitive than the widely-used AFP biomarker, when AFP
is elevated. The AFP-L3 value is reported as a percentage of the total AFP with a cutoff value of more than 10% commonly used[20]. Twelve articles included in a metaanalysis reported a sensitivity and a specificity of 48.3% and 92.9%, respectively and a
summary receiver operating characteristic (SROC) of 0.7564[21].
AFP-L3 has also been found to be a prognostic biomarker after hepatic resection to
determine the likelihood of recurrent HCC. Individuals with a low AFP-L3 level 15%
after the second hepatic resection were found to have a 5-year survival rate of 91.7%.
In contrast, individuals with an AFP-L3 level 15% had a 5-year survival rate of
23.8%[22].
Des-gamma carboxy-prothrombin: Des-gamma carboxy-prothrombin (DCP), also
known as “protein induced by vitamin K absence or antagonist-II” (PIVKA-II), is an
abnormal prothrombin protein which lack γ-carboxy residues[23]. A cross-sectional
study was used to compare the commonly used clinical marker, AFP to DCP.
Sensitivity and specificity values of 89% and 95%, respectively, have been reported
with a DCP cut-off value of 125 mAU/mL[24]. A meta-analysis based on 20 publications
reported sensitivity and specificity of 71% and 84%, respectively, with a SROC of
0.8930[25]. Elevated DCP levels have been associated with a high prevalence of portal
vein invasion[26].
WJH

https://www.wjgnet.com

560

September 27, 2020

Volume 12

Issue 9

Singh G et al. Biomarkers in HCC

Table 1 Diagnostic markers for hepatocellular carcinoma
Marker

Comparison groups

Sensitivity

Specificity

AUC

Ref.

AFP

Meta-analysis

51.9

94

0.81

Xu et al[17]

AFP-L3

Meta-analysis

48.3

92.9

0.76

Yi et al[21]

DCP

Meta-analysis

71

84

0.89

Zhu et al[25]

Glypican-3

Meta-analysis

55

58

0.78

Xu et al[34]

AKR1B10

HCC vs controls

72.7

95.7

0.9

Ye et al[36]

HMGB3

HCC vs controls

75.6

85.6

0.79

Zheng et al[41]

GALAD

HCC vs controls

91.6

89.7

0.97

Berhane et al[49]

AUC: Area under the curve; AFP: Alpha-fetoprotein; AFP-L3: Isoform of AFP binding lectin L3; DCP: Des-gamma carboxyprothrombin; AKR1B10: Aldoketo reductase family 1 member 10; HMGB3: High mobility group box 3; GALAD: Gender, Age: Lens culinaris agglutinin-reactive of alpha-fetoprotein,
Alpha-fetoprotein, and Des-γ-carboxy prothrombin.

DCP has been found to be a predictive marker of response to treatment with the
pharmaceutical tyrosine kinase inhibitor, gefitinib, which targets epidermal growth
factor receptor (EGFR) and other proteins such as c-Met and hepatocyte growth factor
(HGF)[22]. Gefitinib was found to induce apoptosis in HCC cells, however when treated
in the presence of elevated DCP levels, an antagonizing effect was observed reducing
the gefitinib-induced apoptosis of the tumorous hepatocytes[27], which occurred
through its ability to upregulate EGFR, c-Met and HGF. High DCP has also been
shown to be associated with tumor recurrence, metastases, and overall large tumour
burden[28,29].
Golgi protein 73: Golgi protein 73 (GP73) is a type II Golgi transmembrane protein has
received attention as a diagnostic marker for HCC. A study with 68 patients diagnosed
with HCC were evaluated for GP73 levels 2 d prior to transcatheter arterial
chemoembolization (TACE) and 7 and 30 d following the procedure. Using ELISA, the
protein expression was observed to be markedly higher on average in patients with
HCC compared to the controls, 152.5 µg/L vs 49.3 µg/L, respectively. Two days
following TACE the levels decreased to 99.2 µg/L. After 30 days, the levels were 115.2
µg/L in those with a good response (CT evidence of good lipiodol retention and no
active lesions) vs 183.2 µg/L where there was a poor response. In regards to the
Barcelona clinic liver cancer stages, increasing GP73 concentrations were observed for
progressively more advanced stages of the disease[30], BCLC stage A, 92.1 µg/L, stage
B, 122.9 µg/L, and stage C, 162.6 µg/L.
Glypican-3: Glypican-3 (GPC3), a cell surface protein, with a 70 kDa core protein mass
has been shown to display diagnostic and therapeutic utility for HCC[29,31]. GPC3 has
been found to be highly expressed in HCC’s – a study which analyzed the GPC3
mRNA transcript, found 74.8% of HCC samples vs 3.2% non-tumor liver control
samples expressed this[32]. A meta-analysis analyzing the prognostic abilities of GPC3
found overexpression to be an indicator of poor overall survival with a hazard-ratio
(HR) of 2.18 (95%CI: 1.47-3.24), poor disease-free survival (HR = 2.05, 95%CI: 1.432.93), tumor vascular invasion with an odds-ratio (OR) of 2.74 (95%CI: 1.15-6.52), and
hepatic cirrhosis (OR = 2.10, 95%CI: 1.31-3.36)[33].
Although GPC3 has proven to be a good prognostic biomarker, its diagnostic
abilities on the other hand are below par. A meta-analysis study comparing the
performance of AFP and GPC3 found the latter marker to be inferior than the
commonly used marker, AFP. The pooled sensitivity and specificity of GPC3 was
found to be 0.55 (95%CI: 0.52-0.58) and 0.58 (95%CI: 0.54-0.61), whereas AFP’s
sensitivity and specificity was 0.54 (95%CI: 0.51-0.57) and 0.83 (95%CI: 0.80-0.85),
respectively. The combination of GCP3 and AFP increased the tests’ sensitivity and
specificity to 0.85 (95%CI: 0.81-0.89) and 0.79 (95%CI: 0.73-0.84), respectively[34].
Aldo-Keto Reductase family 1 member 10: The aldo-keto reductase family 1 member
10 (AKR1B10) has been linked as a potential biomarker indicating diagnostic and
prognostic value[35]. AKR1B10, is a part of a family of NAD(P)H linked
oxidoreductases; found on chromosome 7 (7p33), AKR1B10 is involved in the
reduction of aldehyde to alcohol, converting retinal to retinol. A large multicenter
study from three independent hospitals in China recruited a total of 1224 participants
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to validate the role of AKR1B10 in the diagnosis of HCC[36]. Serum levels of AKR1B10
were assessed in the cohort and found an AUC of 0.896 (95%CI: 0.867-0.921) a
sensitivity of 72.7%, and a specificity of 95.7% with a diagnostic cutoff value of
AKR1B10 at 267.9 pg/mL. Interestingly, although knockdown of AKRB1B10 has been
found to decrease cell proliferation, invasiveness, and tumour growth, a high
expression of AKR1B10 unexpectedly indicated better overall and disease-free
survival[37]. Furthermore, it is worth noting that AKR1B10 expression is increased in
the early-stage HCC[38].
High mobility group box 3: The high mobility group box 3 (HMGB3) is a part of the
high mobility group (HMG) family of chromosomal proteins involved in chromatin
replication, recombination, transcription, DNA repair and stability[39]. Downregulation
of microRNA-200b, which is a direct target of HMGB3, occurs in HCC and increases
the proliferation and migration of cells in HCC[40]. In a study of 225 patients, the serum
HMGB3 levels were assessed at a cutoff value of > 2.0 ng/mL. The AUC for HMGB3
was found to be 0.791 (95%CI: 0.730–0.853) with a sensitivity of 75.6%, and a specificity
of 81.6%. This was found to be slightly better than the clinical marker commonly used
with an AUC of 0.743 (95%CI: 0.679-0.808), a sensitivity of 56.7%, and a specificity of
76.5% at a cut-off value of 20 ng/mL[41]. High HMGB3 expression was also correlated
with poor overall-survival and disease-free survival.
Dickkopf 1: Serum levels of Dickkopf 1 (DKK1), which is a secretory antagonist of the
Wnt pathway, have been investigated in HCC, cirrhosis, chronic hepatitis B and
healthy controls. Good sensitivities and specificities were reported in both the test and
validation cohorts, with DKK1 being reported as positive in early stage disease (< 2 cm
tumors) as well as in AFP negative patients. Unfortunately, despite a correlation
between DKK1 and tumor size there was none seen with BCLC stage[42].
SALL4: A promising biomarker SALL4, which like AFP is an oncofetal protein, has
been correlated with outcomes in HCC, in separate cohorts of patients from Hong
Kong and Singapore[43]. This marker appears to be associated with a progenitor, more
aggressive form of HCC, and the findings have been confirmed independently[44]. Of
possible therapeutic importance is SALL4’s property of recruiting the nucleosomal
remodeling complex ((NuRD) thereby repressing tumor suppressors such as PTEN.
This interaction has been exploited and an inhibitory peptide found with a target
affinity of 23nM which has been demonstrated to have significant antitumor effects in
xenograft mouse models (85% growth reduction)[45].
Phe-Trp and GCA: Using a modification of LC-MS, Luo et al[46] have reported that a
biomarker panel comprising phenylalanyl-tryptophan (Phe-Trp) and glycocholate
(GCA) performed well in distinguishing HCC from cirrhosis and healthy controls. In
particular, the panel could detect AFP negative HCC as well as small HCC (S-HCC),
defined as a solitary HCC nodule, or at most 2 nodules less than 3cm in diameter.

Composite markers for HCC
BALAD: The BALAD model was first introduced in 2006 by Toyoda et al[47] to aid in
the staging of HCC using five serum markers: Bilirubin, Albumin, Lens culinaris
agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-γ-carboxy
prothrombin (BALAD). A multicenter study recruited 2600 HCC patients while
excluding those on warfarin or Vitamin K, as these may alter the serum DCP levels[47].
Cutoff values of 400 ng/dL for AFP, 15% for AFP-L3, and 100 milli-arbitrary unit/mL
for DCP were found to optimally predict patient survival. Although the system seems
promising, further studies need to be conducted to validate this model.
The BALAD-2 model is refined from the previous BALAD model, which combines
raw data with the previous Japanese cohort along with a newly added United
Kingdom cohort[48]. The major difference between the BALAD and BALAD-2 model is
the statistical analysis; the BALAD-2 model assumes the variables to be continuous
rather than assuming a linear relationship. In addition, the original BALAD model
divided cohorts into six classes (0-5), whereas the BALAD-2 model divided the cohort
into four classes (1-4). A study by Berhane et al[49] aimed to validate the BALAD-2
model by collecting patient outcomes of 2,430 individuals diagnosed with HCC, 4404
individuals diagnosed with chronic liver disease, 229 individuals diagnosed with
hepatobiliary tract cancer, and 92 healthy individuals. The Formula 1 is used to group
individuals into four prognostic groups.
AFP and DCP were modelled as per 1000 units, measured in ng/mL where AFP
was capped at 50000 units. Bilirubin and albumin were measured in mmol/L and
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g/LS, respectively. The 4 prognostic groups were based on score > 0.24 (risk 4, high),
between 0.24 and > -0.91 (risk 3), from -0.91 to -1.74 (risk 2) and < -1.74 (risk 1, low).
GALAD: The GALAD model was established to aid in the diagnosis of HCC, first
developed by Johnson et al[50] through a United Kingdom cohort. Similar to the BALAD
model, the GALAD model uses three tumour serological markers: Lens culinaris
agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-γ-carboxy
prothrombin. However, the GALAD model replaces the two liver function tests with
Gender and Age[50]. The GALAD score is calculated using the Formula 2.
Where gender is assigned an arbitrary score of 0 for females and 1 for males.
The aforementioned study by Berhane et al[49] found a GALAD score cut-off of -0.63
to yield an AUC of 0.97 (95%CI: 0.96–0.98) with a sensitivity and specificity of 91.6%
and 89.7%, respectively in the United Kingdom cohort. The Japanese cohort was found
to demonstrate optimal performance at a GALAD score cut-off of -1.95 with an AUC of
0.93 (95%CI: 0.92–0.94) and sensitivity and specificity of 81.4% and 89.1%,
respectively[49].
This score has been used to investigate early HCC developing in patients with
NASH in centres in Germany and Japan. In a case control study involving 125 patients
with HCC and 231 patients with NASH from 8 centres in Germany, as well as 389
patients under surveillance in Japan, of whom 26 patients developed HCC, it was
found that GALAD identified HCC patients with a significantly greater AUC than any
of AFP, AFP-L3 or DCP[51].

Markers indicating predisposition towards HCC
Death receptor 4: Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL)
induces apoptosis by binding to the TRAIL receptor 1 (TRAILR1) also known as the
death receptor 4 (DR4)[52]. Genetic alteration of DR4 suggest a higher susceptibility to a
number of cancers such as bladder, ovarian, and HCC[52-54]. A study conducted by
Körner et al[52] examined SNPs at C626G (Thr209Arg, rs20575) and A638C (Glu228Ala,
rs20576) in individuals affected with HBV and HCC (n = 56); HCV, cirrhosis, and HCC
(n = 159); HCV, cirrhosis, without HCC (n = 75); HCV without cirrhosis and HCC (n =
159); HCV (n = 234); and healthy controls (n = 359). Overall the study found an
increased risk of HCC in individuals that carried the 626C allele and the homozygous
638AA genotype mutant who were infected with HCV genotype 1 with an odds ratio
of 1.975 (95%CI: 1.205-3.236) (P = 0.007). Another study, conducted in an Egyptian
population examined the A1322G SNP of the DR4 gene and found an odds ratio of
2.34 (95%CI: 1.56-3.51) and 3.51 (95%CI: 2.33-5.28) for the AG genotype and GG
genotype, respectively with an increased risk of individuals affect with HCV-related
HCCs[55] (Table 2).
Kinesin family member 1B: Kinesin Family member 1B (KIF1B), part of the kinesin
superfamily, is involved in axon myelination, growth, and transport of organelles,
proteins, and RNAs to specific locations in the cell[56]. With two alternative splice
isoforms, KIF1Bα and KIF1Bβ, KIF1B is found on chromosome 1 (1p36.22)[57]. KIF1Bβ
has been found to function as a haplo-insufficient tumour-suppressor gene inducing
apoptosis, independent from p53[58]. The downregulation of KIF1B mRNA has been
shown to correlate with poor prognosis of HCC in different clinicopathologic
situations such as vascular invasion, recurrence, and overall-survival[59]. A genomewide association (GWAS) study by Zhang et al[57] identified an intronic SNP –
rs17401966 – in the KIF1B gene. Samples were collected from 1962 individuals with
1430 HBV-related HCC cases and 159 family trios of Chinese ancestry. The study
identified this polymorphism has a protective effect on HCC, decreasing the likelihood
of developing HCC with an odds-ratio of 0.61 (95%CI: 0.55–0.67). However, conflicting
studies examining the KLF1B polymorphism in individuals derived from Saudi
Arabian, Japanese, and Thai populations found no significant associations[60-62]. A metaanalysis study of the KLF1B polymorphism determined that the polymorphism
decreases the risk of HCC for Chinese populations[57].
Although HCV may be eradicated after sustained virologic response (SVR) is
achieved, a likelihood of developing HCC exists in cases with more advanced fibrosis.
A study by Nagata et al[63] examined the risk of developing HCC after SVR using
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Table 2 Selected determinants of risk for hepatocellular carcinoma development
Marker

Comparison groups

SNP

Genotype

OR

P value

Ref.

DR4

HCC/HBV, HCC/HCV, HCV,
controls

C626G/A638C

626C + 638AA

1.98 (1.20-3.24)

0.007

Körner et al[52]

DR4

HCC/HCV, HCV, Controls

A1322G

AG

2.34 (1.56-3.51)

GG

3.51 (2.33-5.28)

0.001

Zayed et al[55]

TLL1

HCV-treated

rs17047200

2.37 (1.74-3.23)

2.66 × 10-8

Matsuura et al[64]

MHC class 1

HCC/HCV, Controls

Rs2596542G>A

1.39 (1.27-1.52)

4.21 × 10-13

Kumar et al[66]

(MICA)

(Japanese cohort)

MHC class II

HCC-HCV, HCV

DQB1*03:01 (HCV-Geno
1)

0.65 (0.48-0.89)

0.007

Lee et al[70]

DQB1*06:02

3.03 (1.18-7.74)

0.02

(HCV-non-Geno1)

HCC: Hepatocellular carcinoma; HBV: Hepatitis C virus; HCV: Hepatitis C virus; TLL1: Tolloid-like 1; MHC: Major histocompatibility complex; MICA:
MHC class I polypeptide-related sequence A gene.

interferon-therapy and interferon-free therapy and found the probability of novel
HCC development to be 2.5% and 1.1%, respectively.
Tolloid-like 1: A GWAS identified a SNP variant in the gene tolloid-like 1 (TLL1)
found on chromosome 4 within the intronic region (rs17047200)[64]. TLL1 was originally
found to play a role in the formation of the interventricular septum of the heart and is
now a marker of interest in HCC[65]. The study recruited 457 patients in Japan who
underwent SVR through interferon-based treatments and found an odds-ratio of 2.37
(95%CI: 1.74-3.23; P = 2.66 × 10−8)[64].
Major histocompatibility complex class 1: A study by Kumar et al[66] in 2011 identified
a susceptibility locus for individuals who developed HCV-related HCC through a
GWAS conducted in a Japanese cohort. DNA was genotyped in 721 individuals with
HCV-related HCC and 2890 HCV-negative controls which identified eight SNPs (P < 1
× 10−5). In the replication stage, 673 cases of HCC and 2596 HCV-negative controls
were genotyped at the eight SNPs and identified a polymorphism found on the 5’
flanking region of the major histocompatibility complex (MHC) class I polypeptiderelated sequence A gene (MICA) on chromosome 6 (6p21.33). The polymorphism,
rs2596542G>A, with an OR of 1.39 (95%CI: 1.27–1.52) (P = 4.21 × 10−13), was found to be
associated with a susceptibility to develop HCC from chronic hepatitis-C. It is worth
noting that although the polymorphism is associated with developing HCC from
chronic hepatitis C, it is not associated with a susceptibility to develop chronic
hepatitis C. The polymorphism was also associated with a decrease in expression of
the MICA protein in the HCV-related HCC cohort. Conversely, a study by Lange
et al[67] conducted in Switzerland found the rs2596542G>A to have a protective effect
on HCC in patients with HCV throughout the Caucasian population (OR = 0.52,
95%CI: 0.26-1.08). A meta-analysis study analyzing a total of 11 articles with 4528 HCC
cases and 16625 controls, found the A/A allele to increase the risk among Asian and
African population and an increased risk of HCC in the G/G allele among the
Caucasian populations[68]. Increased risk of HCC with individuals who carry the
polymorphism was not found in HBV-related HCC’s.
MHC class II: The human leukocyte antigen (HLA) is the human MHC, which is
found on chromosome 6 (6p21) and is divided into three classes, class I, class, II, and
class III. Class II contains the DQ gene family made up of the α and β chains, DQA1
and DQB1, respectively[69]. A GWAS genotyped 502 HCC patients and 749 controls
identifying a SNP present in the HLA gene, specifically the HLA-DQB1 gene. An
additional 994 HCV seropositive participants were genotyped, specifically in the HLA-
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DQB1 gene and found that DQB1*03:01 had protective effects for individuals with
HCV genotype 1 with an odds-ratio of 0.43 (95%CI: 0.23-0.81) (P=0.0095). However, a
DQB1*06:02 indicated a risk of developing HCC for non-genotype 1 HCV patients
with an odds-ratio of 3.03 (95%CI: 1.18-7.74) (P = 0.0208)[70].
For postoperative HCC, Nault et al[71] have described a 5-gene signature consisting of
HN1, RAN, RAMP3, KRT19, and TAF9 (of which 4 were upregulated in tumor) that
had prognostic ability for postoperative tumor recurrence and survival. The effect was
apparent whether a Western cohort of hepatitis C- or an Eastern cohort of hepatitis Brelated HCC were analyzed.

Emerging markers for HCC, non-coding RNA and CircRNA
The human genome encodes for many more RNA molecules than proteins, which are
known as non-coding RNAs (ncRNA). These comprise both short molecules between
20 to 30 nucleotides long, known as mi-RNA, si-RNA and pi-RNA, together with long
non-coding RNA (lncRNA) which are greater than 200 nucleotides. Both types have
been investigated in HCC and are discussed below. This section will also briefly
describe circRNAs that are formed through the back-splicing of the 3’ and 5’ ends to
form a loop that can sequester miRNAs and proteins to affect gene expression.
Mi-RNAs in diagnosis: Micro-RNAs are usually 21-23 nucleotides in length and
function via the RNA-induced silencing complex (RISC) to regulate gene expression
through mRNA degradation, or alternatively by translational repression. They are
recognized to be highly useful tools in the diagnosis and prognosis, as well as serving
as therapeutic targets for diseases[72]. Aberrant production or alterations of mi-RNAs
have been associated with a number of pathologies including cancer, diabetes and
cardiovascular diseases[73].
Initial studies utilized different methodologies to investigate miRNA expression in
hepatitis B, and HCC, with findings in one study[74] where miR-25, miR-375 and let7f
could significantly separate HCC from controls (AUC = 0.997), were not reproducible
in another[75]. The seven miRNAs discovered in the latter study, miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a and miR-801 were shown to distinguish between
HCC and all of healthy controls, hepatitis B and cirrhosis. Moreover, the changes
persisted across the range of BCLC stages O, A, B and C. Of interest, 4 of the identified
miRNAs (26a, 223, 21 and 122) had also been previously reported as capable of
achieving this. Notably, 2 of these, miR-21 and miR-122, have been underscored as
useful biomarkers in a subsequent meta-analysis involving 50 studies that included
3423 cases of HCC, 2403 cases of chronic hepatitis and 1887 healthy controls[76]. The
pooled analyses indicated that they were slightly better at distinguishing HCC from
controls than those with chronic hepatitis. Of these two molecules miR-122 appeared
to be particularly compelling since mice with a genetic deletion of this in the liver were
found to be prone to the development of NASH, fibrosis and HCC with expression of
oncofetal molecules such as AFP and IGF2[77,78].
Moshiri et al[79] have used RNA sequencing of plasma to approach the problem
differently. After identification of 38 differentially expressed miRNAs with at least a 3fold change between HCC and cirrhosis and/or controls, 9 were chosen for further
validation steps by droplet digital PCR (ddPCR) technology. Of these, miR-101-3p,
miR-1246, miR-106b-3p, miR411-5p were evaluated in independent cohorts. Whether
they analyzed plasma or serum, diagnostic accuracies of well over AUC > 0.90 were
achieved for miR-101-3p, miR-1246 and miR-106b-3p, individually or in combination.
Role in treatment of HCC: Previous work with sorafenib did not identify any
biomarkers that were predictive of treatment response in patients with HCC, however,
baseline levels of angiopoietin 2 and VEGF were independent predictors of survival[80].
A more recent study has shown an inverse correlation between levels of miR-221 and
sorafenib resistance in animal models and a small cohort of patients[81]. Bruix et al[82]
and Teufel et al[83] investigated tissue and baseline plasma samples in patients involved
in a trial to investigate the response to regorafenib, which is another multikinase
inhibitor. Levels of miR-30a, miR-122, mir-125b, miR-200a, miR-374b, miR-15b, miR107, miR-320 and miR-645 were all associated with survival time with regorafenib
treatment. The study also found survival time associations with reduced baseline
levels of Ang1, cystatin B, LAP-TGFb1, Lox-1, MIP1a, after treatment.
The objective of using screening in a cirrhotic population is to detect HCC early,
however, in an analogous situation, what happens to patients that undergo HCC
resection and is there a way of then predicting recurrence? Mi-RNAs may be useful in
this scenario as shown by Fu et al[84]. By analyzing data on 318 patients from The
Cancer Genome Atlas (TGCA) they uncovered a 7-miRNA signature correlated with
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5year survival which comprised miR-187, miR-9-3, miR-490, miR-1258, miR-3144, miR551-a and miR-665. These findings will require replication in larger prospective
cohorts to validate them further.
LncRNAs in HCC: In a search for novel genes in HCC, Panzitt et al[85] discovered the
lncRNA HULC (highly upregulated in liver cancer). This has been investigated in
HCC and found to be associated with clinical stage and intrahepatic metastasis[86].
Other lncRNAs found to be overexpressed in HCC and associated with a poor
prognosis include ZEB1-AS1 and DANCR which function to repress cadherin
expression and CTNNB1 degradation respectively[87,88]. Conversely, other lncRNAs
exhibit reduced expression in HCC and affect tumor progression by EMT[89].
CircRNAs in HCC: With respect to CircRNAs, several have been shown to affect key
aspects of tumor biology. As an example, CircMAT2B has been implicated in altering
tumor metabolism under hypoxia; it does so by sequestering miR-338-3p which leads
to increased PKM which is involved in glycolysis[90]. Another is CircASAP1 which
affects miR-326 and miR-532-5p thereby enhancing MAPK (mitogen-activated protein
kinase) signaling and TAM infiltration. This has been shown to be associated with a
poor prognosis[91].

New concepts for biomarker development
A ‘liquid biopsy’, performed through a blood collection, may be the simplest means
whereby physicians can collect information from patients in a minimally invasive
manner[92]. It may become an alternative to the time-consuming surgical biopsies
which place patients at risk of developing complications. The risk of needle-track
tumour seeding is another disadvantage of surgical biopsies, which precludes their
routine use to evaluate suspected liver cancer. Moreover, serial collections would be
feasible, allowing evaluation of tumour progression in real time[93]. A liquid biopsy
analyzes a range of molecular data such as circulating tumor cells (CTCs), cell-free
circulating tumor DNA (ctDNA), and exosomes released from necrotic tumor cells,
thus providing insight into tumour behaviour.
Circulating tumor cells in HCC: Circulating tumor cells are extremely rare, estimated
to be as low as 10 cells in 10 mL of blood, making them difficult to detect[94]. However,
CTCs can provide a wealth of information on multiple DNA abnormalities, gene
fusion transcripts, and RNA expression of the cancerous cells when isolated. Flow
cytometry is commonly used to search for CTCs through fluorescently labelled cellular
tags, many which target stem cell markers such as: Epithelial cell adhesion molecule
(EpCAMs), CD133, CD90, CD44, CD13, and cytokeratin 19[95,96]. A study by Sun et al[97]
demonstrated the clinical significance of CTCs in 123 HCC patients by analyzing
EpCAM, which showed a high probability of tumour recurrence in individuals with ≥
2 CTCs in 7.5 mL of blood. Recurrence was found in 26 of 51 patients with ≥ 2 CTCs,
whereas only 15 of 72 patients with < 2 CTCs showed recurrence after curative
resections. The mean follow-up time was reported to be 15.1 ± 2.3 mo[97]. Perioperative
analysis of CTCs for individuals with HCC may provide insight on prognosis and can
tailor clinical treatment decisions.
Circulating tumor DNA: Cell-free circulating tumor DNA (ctDNA) is typically 180200 basepairs (bp) in length (approximately the size of mononucleosomal unit),
released when tumour cells are phagocytosed or undergo apoptosis. The difficulty of
analyzing ctDNA is due to its low concentration in the blood. Moreover, cell-free DNA
(cfDNA) is released by normal cells further decreasing ctDNA concentrations. Healthy
subjects are found to have a peripheral cfDNA concentration of 10 ng/mL to around
100 ng/mL, with a half-life between 16 min and 2.5 h[95]. Quantitative analysis from
several studies have revealed the mean concentration of cfDNA to be 3-4 times
elevated in HCC patients as compared with chronic hepatitis patients, and almost 20
times higher compared to healthy controls[98]. Clinico-pathological parameters such as
tumor grade, size of tumor, shorter overall survival, and metastatic ability have been
found to correlate with elevated cfDNA levels[98]. Aberrant epigenetic alterations,
through DNA methylation, have been found to be one of the universal hallmarks of
cancer which is being investigated in ctDNAs[99]. A study by Chan et al[100] analyzed the
hypermethylation of the RASSF1A [Ras association (RalGDS/AF-6) domain family
member 1A] gene, observed in 93% of HCC patents vs 58% of HBV patients, and 8% of
the healthy controls. Interestingly, with a cut off value of 1 × 106 copies/L of the
hypermethylated RASSF1A, 50% of AFP-negative HCCs are identified. This may
indicate a role for its use in promising combinatorial techniques to help in the
diagnosis of HCC. Other features of elevated RASSF1A concentrations may predict
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poor disease-free survival.

DISCUSSION
The basic aims of HCC biomarker research are to find novel molecules, as well as
optimizing use of existing ones, to be able to diagnose the disease earlier in at risk
populations, and furthermore, to be able to predict disease outcome in response to
treatment, as well as provide prognostic information (Figure 2). At the same time the
process needs to safeguard patients against unnecessary testing and follow-up where
there are abnormal biomarker findings but no defined algorithms for further
management, given that only a fraction of the at-risk population will eventually
develop the disease[101]. A systematic review has indicated that USS-based screening is
indeed capable of improving mortality associated with HCC[102]. Conversely, recent
work has questioned the validity of any screening for patients with cirrhosis, in a
matched case control study of the VA health care system, using either USS, AFP or
both, where no difference was found for HCC-related mortality[103]. The finding of
significant heterogeneity in approaches to HCC management in 18031 patients from 14
countries, together with distinct demographics and outcomes, indicates a need for
earlier diagnosis[104].
Serum biomarkers such as AFP allow for a minimally-invasive and rapid evaluation
of at risk patients. However, there are no recommendations for its regular use outside
Japan, where in conjunction with USS, and AFP-L3 and DCP, it is used every 6
months. A recent meta-analysis utilizing 32 studies and 13367 patients showed that
US, with AFP vs without, exhibited greater sensitivity at detecting early stage HCC
(63%, 95%CI: 48-75% vs 45%, 95%CI: 30%-62%, P = 0.002). However, US alone was
more specific (RR = 1.08; 95%CI: 1.05-1.09) and detected any stage HCC with a
sensitivity of 84%[105].
Some markers of more aggressive HCC may evolve into developing management
algorithms and SALL4 may be one such example. This may also offer some insight into
disease management, as demonstrated with the aid of molecular reconstruction and
subsequent investigation of interfering with its interaction with NuRD[45]. Similarly, in
evaluating markers indicative of advanced HCC it was uncovered that Ang2 and Vegf
independently marked cases with more rapidly progressive disease but had no
bearing on sorafenib response[80]. In comparable work conducted with regorafenib,
survival changes correlated with levels of several miRNAs including miR-30a, miR-122
and miR-200a.
As discussed in this article, there are a number of other serological markers such as
GP73, GPC3, AKR1B10, which appear promising but all require further validation. It
may be that there is no advantage for any of these over AFP alone, as demonstrated in
a meta-analysis for another interesting biomarker, osteopontin[106]. Alternatively, they
may require to be combined with other markers such as albumin, to improve their
performance.
Micro-RNAs can be used as diagnostic or prognostic tools and may also serve as
therapeutic targets for HCC. Unfortunately, despite the wealth of data generated in
this area, this approach has failed to show consistency for the molecules assessed.
Micro-RNAs appear to exhibit variability according to whether measured in plasma or
serum hence in part explaining the discrepancies observed in numerous earlier
studies. It appears that mi-RNAs are found in higher concentrations in plasma vs
serum, with platelet mediated degradation during the clotting process speculated to be
a possible explanation for this.
Of those that were initially found to be promising, specifically miR-21 and miR-122,
these were not reported to be differentially expressed in an analysis utilizing RNA
sequencing. The work by Moshiri et al[79] has shown that some additional mi-RNAs
that may have potential greater accuracy. However, given the lack of overall
reproducibility of findings so far in this field, these observations remain preliminary
and will require follow-up. The same conclusion may apply to the analysis of CTCs in
HCC. In one study 95% of 195 HCC patients demonstrated a correlation between
hybrid and mesenchymal CTCs (EpCAM/Twist/Snail) with BCLC stage, AFP,
recurrence and metastasis[107]. However, a retrospective study that analyzed 113 HCC
patients before curative treatment and 143 HCC patients after curative treatment,
found no correlation of total CTCs or the EMT phenotype with AFP, BCLC stage,
tumor size or vascular invasion[108].
From a practical perspective, perhaps the composite scoring systems GALAD and
BALAD-2 currently exhibit the most favorable diagnostic accuracy over conventional
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Figure 2 Markers associated with cancer development and those associated with response to surgical intervention or chemotherapy.
HCC: Hepatocellular carcinoma; AFP-L3: Isoform of AFP binding lectin L3; DCP: Des-gamma carboxyprothrombin; AKBR1B0: Aldo-keto reductase family 1 member
10; SALL4: Sal-like protein 4; GALAD: Gender, Age: Lens culinaris agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-γ-carboxy prothrombin.

methods. The findings have been replicated in cohorts of patients in both Europe and
Japan, where the etiology of HCC differs. Further prospective analysis in North
America may help to establish this approach as shown by the recent work for GALAD
in NASH related HCC[51]. A retrospective analysis has also indicated its superiority
over USS in detecting HCC including patients with negative AFP, and its performance
remained excellent for early stage HCC[109].

CONCLUSION
In conclusion, despite the plethora of studies so far, and the promise of different
classes of biomarkers, there appears to be no specific one that currently fulfils the need
to pick up early HCC (BCLC stage O/A) with any advance over USS with or without
AFP. Similarly, patients undergoing curative resection or chemo-/immuno-therapy
may benefit from comparable analyses. Future prospective multicentre trials are
required in defined at risk populations for HCC to assess the various classes of agents
discussed.
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Abstract
With growing antipathy toward conventional prescription drugs due to the fear of
adverse events, the general and patient populations have been increasingly using
complementary and alternative medications (CAMs) for managing acute and
chronic diseases. The general misconception is that natural herbal-based
preparations are devoid of toxicity, and hence short- and long-term use remain
justified among people as well as the CAM practitioners who prescribe these
medicines. In this regard, Ayurvedic herbal medications have become one of the
most utilized in the East, specifically the Indian sub-continent, with increasing use
in the West. Recent well-performed observational studies have confirmed the
hepatotoxic potential of Ayurvedic drugs. Toxicity stems from direct effects or
from indirect effects through herbal metabolites, unknown herb-herb and herbdrug interactions, adulteration of Ayurvedic drugs with other prescription
medicines, and contamination due to poor manufacturing practices. In this
exhaustive review, we present details on their hepatotoxic potential, discuss the
mechanisms, clinical presentation, liver histology and patient outcomes of certain
commonly used Ayurvedic herbs which will serve as a knowledge bank for
physicians caring for liver disease patients, to support early identification and
treatment of those who present with CAM-induced liver injury.
Key Words: Ayurveda; Complementary and alternative medicines; Drug induced liver
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Core Tip: Ayurvedic herbal medications (AHM) can cause liver injury ranging from an
asymptomatic elevation of liver enzymes to cirrhosis and portal hypertension. Patients
who develop AHM-related liver injury have a history of consumption of complex
polyherbal formulations. In most cases, identification of the offending hepatotoxic agent is
difficult due to the number and complexity of herbs involved. However, multiple
observational studies, quality case series, and well-performed case studies have
demonstrated the hepatotoxic potential associated with certain herbs used in Ayurvedic
practice. The commonly utilized and over-the-counter available Indian herbs or their
extracts, such as Ashwagandha, Aloe vera, Guggul, Puncture vine, Turmeric, Gotu-kola,
Bakuchi, Senna, Noni, Malabar tamarind, and Gurmar have been associated with various
types of liver injury ranging from acute self-limiting hepatitis, chronic hepatitis, prolonged
cholestasis, hepatic sinusoidal obstruction syndrome, cirrhosis, and portal hypertension
and can present clinically as acute severe liver injury, acute liver failure, acute
decompensation of cirrhosis or acute on chronic liver failure. Physician knowledge
regarding regional and local complementary and alternative practices among the general
and patient population is essential in identifying those who develop complications of liver
disease secondary to herbal hepatotoxicity, to make optimal treatment decisions, and for
early prognostication.
Citation: Philips CA, Ahamed R, Rajesh S, George T, Mohanan M, Augustine P.
Comprehensive review of hepatotoxicity associated with traditional Indian Ayurvedic herbs.
World J Hepatol 2020; 12(9): 574-595
URL: https://www.wjgnet.com/1948-5182/full/v12/i9/574.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i9.574

INTRODUCTION
Ayurveda, an ancient traditional system of medicine, originated in the Indian subcontinent. According to Ayurvedic principles, the Universe is composed of five
elements, namely, Vayu (Air), Jala (Water), Aakash (Space or ether), Prithvi (Earth) and
Teja (Fire) that form the three elemental humors of the human body in varying
combinations - the Vata dosha, Pitta dosha, and Kapha dosha, collectively called the
“Tridoshas” that, along with five sub-categories for each of the primary doshas are
thought to control all of the essential physiological functions of the human body. Even
though practitioners of Ayurveda believe it to be a complete system of medicine,
Ayurvedic science lacks the rigorous and ideal scientific approach required for disease
diagnosis and treatment. This is underscored by the fact that prospective, welldesigned, good quality controlled trials are deficient in the current literature
concerning Ayurvedic practice[1]. In contrast, integrative approaches toward practices
in Traditional Chinese Medicine (TCM) has been exemplary, improving our
understanding of beneficial active components in Chinese herbs which have been
ultimately utilized in the management of lethal and resource burdening diseases such
as malaria. Ayurvedic herbal medicines (AHM) are broadly divided into nonproprietary or classical and proprietary drugs. In the former, manufacturing
methodology follows principles and guidelines as per approved classical texts of
Ayurveda (such as Charak Samhita or Susrut Samhita); while in the latter, private drug
manufacturers decide on the content, composition and preparatory methods involved
in the preparation of the AHM (examples include Himalaya® Liv 52™ or Charak®
Livomyn™ syrup). Das et al[2] in a study from North-East India, found that unknown
herbal medications were a significant cause of mortality among patients with acute
liver failure (ALF). Similarly, Udayakumar et al[3] demonstrated that traditional
indigenous herbal medications prescribed by South-Indian Tamil healers led to ALF
with high mortality in affected patients[3]. In a large single-center series from SouthIndia, Devarbhavi et al[4] found that Indian Ayurvedic medicines caused drug-induced
liver injury (DILI) in 1.3% of patients in whom almost half of those affected died due to
progressive liver failure. In a pioneering study, Philips et al[5] addressed clinical
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outcomes and analyzed component toxicology of AHMs causing severe DILI. In this
study, patients were prescribed AHMs mainly for non-specific gastrointestinal
symptoms. The overall mortality was approximately 19% and most of the formulations
were unlabelled polyherbals, with high levels of arsenic and mercury which were
significantly associated with death on follow-up[5]. The same authors showed that
among cirrhosis patients consuming AHMs, 35.7% presented with severe DILI leading
to acute on chronic liver failure (ACLF) with an overall mortality of 53%. In this series,
the most common culprit leading to AHM-DILI were unlabelled polyherbal
preparations followed by proprietary Ayurvedic drugs[6]. A recent multicentre study
spearheaded by the Asian-Pacific Association for the Study of Liver (APASL)
demonstrated that ACLF in Asia-Pacific countries was predominantly due to CAMs
(in approximately 72% of patients) inclusive of Ayurvedic herbals and herbal and
dietary supplements[4]. Components implicated in DILI related to Ayurvedic
medicines are difficult to ascertain due to mislabelling or un-labelling of the product,
presence of potentially toxic adulterants or contaminants, and importantly, the
complex polyherbal nature of preparations. In this context, a precise knowledge
regarding certain potentially hepatotoxic herbs is of utmost importance for the
clinician while dealing with patients with AHM-related DILI. In this review, we
discuss exhaustively from current literature, the hepatotoxicity of common Indian
Ayurvedic herbs that are utilized in pure form or as mixtures; explore pertinent
clinical presentations and outcomes with real-life patient examples and summarize to
provide future directions on Ayurvedic herbs-related DILI.

AYURVEDIC HERBS WITH POTENTIAL HEPATOTOXICITY
Withania somnifera (Ashwagandha)
Ashwagandha is a herbal extract derived from the roots of Withania somnifera, an
evergreen shrub endemic to India and Southeast Asia, commonly known as the Indian
ginseng or winter cherry. It is claimed to have neuroprotective and anti-inflammatory
properties and has been used to treat a variety of symptoms and diseases ranging from
fatigue, stress, epilepsy and arthritis to cancer chemoprevention. Some Ayurvedic
practitioners and drug manufacturers proclaim that Ashwagandha has “anti-aging”
properties. Multiple studies performed on small animal-models and published in
anecdotal journals have alleged a “liver safe” profile[7,8]. Apart from a few randomized
clinical trials with small patient numbers but with penurious methodology, and short
follow-up, there have been no rigorously performed, scientifically sound, prospective
studies confirming the efficacy and safety of Ashwagandha in the current literature[9].
The bioactive compounds identified in Ashwagandha include steroidal lactone
triterpenoids (called withanolides), alkaloids such as cuscohygrine, and anahygrine,
flavonoids, phytosteroids and coagulins. The terpenoid Withaferin A is purported to
have hepatoprotective properties. The first report of possible Ashwagandha-related
DILI was from Japan. Inagaki et al[10] described a 20-year-old man with anxiety
disorder who used twice the recommended dose of Ashwagandha bought online in
combination with multiple antianxiety drugs. The pattern of DILI was of ”highly
possible” cholestatic type as per the Digestive Diseases Week – Japan 2004 (DDW-J)
diagnostic criteria. The liver biopsy showed severe intrahepatic cholestasis with
extensive canalicular bile plugs. The patient recovered uneventfully within 2 mo after
treatment with ursodeoxycholic acid, phenobarbitone, and withdrawal of the
offending drug. A drug-induced lymphocyte stimulation test revealed reactivity and
drug interactions between Ashwagandha, propranolol, and alprazolam[10]. Björnsson
et al[11] reported on a series of patients from Iceland and the United States DrugInduced Liver Injury Network (DILIN) with liver injury due to Ashwagandha. The
authors described five patients, mostly males with a mean age of 43 years, who
developed cholestatic jaundice after consuming a herbal supplement ranging from 2 to
12 wk. Liver injury was cholestatic or mixed type and liver biopsy showed severe
cholestatic hepatitis. The clinical course was prolonged, ranging from 5 to 20 wk and
normalization took up to 5 mo. None of the patients developed liver failure. Chemical
analysis using liquid chromatography coupled to quadrupole time-of-flight mass
spectrometry on the retrieved products confirmed the presence of Ashwagandha, the
absence of other toxic compounds or the presence of potentially hepatotoxic
conventional drugs. In one patient, the additional consumption of Rhodiola rosea
(golden root or roseroot) was suspected to have caused a herb-herb interaction
resulting in the liver injury[11]. Ashwagandha-containing herbal medications can result
in severe cholestatic liver injury, which may be prolonged, but self-liming without the

WJH

https://www.wjgnet.com

576

September 27, 2020

Volume 12

Issue 9

Philips CA et al. Ayurvedic herbs and liver toxicity

development of chronic DILI or ALF (Figure 1).

Bacopa monnieri and Centella asiatica (Brahmi/Gotu Kola)
The herb Brahmi, used synonymously with Gotu Kola is extensively utilized in
Ayurveda due to its seemingly beneficial effect on neurocognitive functions. Both have
distinct biochemical component properties, pharmacokinetics, and
pharmacodynamics, and are considered separate herbs in the ancient Ayurvedic texts.
Nonetheless, both are commonly used as memory ”boosters” or cognition enhancers.
Brahmi is essentially Bacopa monnieri, a perennial non-aromatic creeping herb, also
called the water hyssop. The primary bioactive constituents of Brahmi include
steroidal saponins called bacosides, alkaloids such as Brahmine, herpestine, and
nicotine. Gotu Kola or Centella asiatica commonly called the Indian pennywort, is a
perennial flowering plant that is indigenous to the Indian subcontinent and Southeast
Asia. Similar to Brahmi, the bioactive components in Gotu Kola are saponintriterpenoids, which include asiaticosides, brahmoside, and Brahminoside as well as
the glycosides isothankuniside and thankuniside[12,13]. In their report on severe
hepatotoxicity due to Ayurvedic herbal products, Teschke and Bahre described an
older woman who developed a severe hepatocellular type of DILI after consuming
multiple herbal products for 9 mo for vitiligo. All other competing causes were
systematically excluded by the authors. On structured causality assessment using the
Council for International Organizations of Medical Sciences (CIOMS) scale on
individual products, the authors found that primary hepatotoxicity was possibly due
to ”Bakuchi” tablets (score 8+), containing extracts of Psoralea corylifolia (also called
babchi or purple fleabane; discussed later). However, the CIOMS score was 6+
(possible) for Brahmi tablets. Properly conducted structured studies or
pharmacovigilance on organ-specific toxicity of Brahmi is deficient in current
literature[14]. Gotu Kola is also implicated in contact dermatitis (due to the presence of
madecassoside) and infertility due to bioactive components, isothankuniside, and
thankuniside[15,16]. An Argentinian group of researchers were the first to describe a
series of women in whom ingestion of Gotu Kola for weight loss for approximately
one to two mo resulted in severe cholestatic hepatitis. Liver biopsy revealed acute
granulomatous hepatitis, with marked necro-inflammatory activity and eosinophilic
degeneration mainly in zone 3, along with a lymphoplasmacytic infiltrate in all
patients, and additional features of chronic hepatitis with prolonged cholestasis and
progression to cirrhosis in one patient. In the patient with chronic DILI-related
cirrhosis, acute decompensation developed with repeat intake. In other patients, drug
withdrawal, along with a short course of corticosteroids and ursodeoxycholic acid
therapy resulted in a complete reversal of liver injury at one year follow-up. In the first
patient, repeat consumption of Gotu Kola seven mo later led to recurrence of DILI
with similar biopsy features to the initial biopsy. In both instances, autoantibodies
were positive favouring the possibility of immune-mediated DILI[17]. In another report,
Gotu Kola intake for 6 wk for acne treatment led to ALF in a 15-year old girl with
complete resolution of illness after drug withdrawal[18]. Phytochemicals such as
alkaloids and cyclic compounds undergo biotransformation in the liver leading to the
generation of metabolites that cause direct damage to hepatocytes and cholangiocytes
or generate antigens, which trigger immune-mediated liver injury. In Gotu Kola, the
bioactive compounds such as asiaticoside are triterpenoids which belong to the same
family of hepatotoxic saponosides found in other herbs such as germander and
Chinese skullcap. These bioactive compounds induce apoptosis through alteration of
cellular transport at the cell membrane level, which characteristically could result in
eosinophilic degeneration and cellular necrosis seen on liver histopathology[14-17].
Brahmi or Gotu Kola related DILI presents with cholestatic granulomatous hepatitis
and severe autoantibody mediated necroinflammation (Figure 2). A strong suspicion
for the intake of these herbs should be considered in patients presenting with acute
onset cholestatic hepatitis with autoantibodies and biopsy features of granulomatous
hepatitis after excluding other causes.

Curcuma longa (Turmeric)
Turmeric and its bioactive compound curcumin are derived from the root of Curcuma
longa, a perennial plant that is native to India, belonging to the ginger family. In
Ayurvedic practice, it is heavily used as an anti-inflammatory and antioxidant as well
as for digestive system-related symptoms and diseases such as pharyngitis,
inflammatory bowel disease and fatty liver disease. Turmeric contains 3%-6%
polyphenolic compounds (curcuminoids) such as curcumin, desmethoxycurcumin,
and bisdemethoxycurcumin, which are responsible for its bioactivity. Turmeric is also
rich in phytosteroids and bioactive compounds that have immunomodulatory
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Figure 1 Liver histopathology of acute liver injury in a patient ingesting Ashwagandha. A and B: Percutaneous liver biopsy revealed severe
canalicular cholestasis along with moderate portal inflammation [A, hematoxylin and eosin stain (H&E), 40 × and B, H&E stain, 400 ×)]; C: The polyherbal formulation
containing Ashwagandha, retrieved from the patient is shown in C. The patient had an uneventful course with resolution of symptoms and normalization of liver tests
at 2 mo.

properties[19,20]. Even though Ayurvedic practitioners vouch for the multisystemic
beneficial effects of turmeric, a strong scientific basis for its efficacy and safety has not
been proven through meticulous clinical studies. The majority of the beneficial effects
of turmeric or its bioactive agents are still confined to small animal model studies
without adequate translation to human diseases[21]. Lukefahr et al[22] described the case
of highly probable drug-induced autoimmune hepatitis (AIH) ascribed to ingestion of
turmeric dietary supplement for 10 mo in a 76-year old woman. The immunoglobulin
G levels were elevated along with positive autoantibody titres for atypical perinuclear
anti-neutrophil cytoplasmic antibodies and antibody to smooth muscle actin. Liver
histopathology was compatible with AIH, and other causes of acute hepatitis were
ruled out. After withdrawing the turmeric supplement, liver injury improved within 1
mo and returned to normal within a year and remained so at the three year followup[22]. Similar reports of AIH-like severe hepatitis associated with turmeric use were
reported by Suhail et al[23] and Lee et al[24]. Imam et al[25] reported the case of a 78-year
old female who ingested an over-the-counter curcumin supplement for dyslipidemia
for 1 mo. She presented with progressive jaundice without cholestasis. The DILI was of
hepatocellular type and other competing causes of acute hepatitis were ruled out.
After stopping the supplement, the liver tests showed approximately 50%
improvement at the end of one week and complete resolution by day 42. The authors
did not review or analyse the curcumin supplement for adulterants and contaminants,
and a liver biopsy was not performed given clinical improvement[25]. Luber and coworkers described two cases of curcumin-related severe hepatocellular DILI in their
paper. The first patient was a woman in her early fifties with cholestatic hepatitis on
Ancient Wisdom™ High Potency Turmeric (375 mg curcuminoids + 4 mg black
pepper) for 1 mo before the onset of symptoms. Her liver biopsy revealed severe
lobular mixed inflammation and interface hepatitis. After resolution of liver injury
within 2 mo, she restarted the turmeric supplement (1125 mg curcuminoids per day)
for 3 wk and presented with severe cholestatic hepatitis again. Further withdrawal
resulted in complete resolution of symptoms. Analysis of the sample did not reveal
any adulterants, toxins, heavy metals, or synthetic drugs. The second case was of DILI
with autoantibodies in a 55-year-old male with metabolic syndrome after ingestion of
turmeric-based supplements for cardiovascular health[26]. Similar biopsy findings and
clinical outcome related to turmeric-induced severe liver injury was reported by
Chand et al[27]. The patient developed additional features of severe myalgia, skin rash,
and arthritis which resolved with normalization of liver tests after turmeric
supplement withdrawal. We noted that in a middle-aged female patient with
compensated hepatitis B virus-related cirrhosis, the use of turmeric capsules (1g per
day for 3 wk) resulted in severe spur-cell anemia requiring blood transfusion, which
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Figure 2 Granulomatous hepatitis in a patient consuming multiple Ayurvedic herbs. The retrieved herbs implicated in acute liver injury with
granulomatous hepatitis are shown in A (Hygrophila auriculate, also called the Marsh Barbel and an unknown coloured herb). Transjugular liver biopsy was performed
in view of ascites in this patient. The liver histology revealed large vague as well as well-formed lobular and portal based granulomas and associated eosinophilic and
lymphocytic inflammation within the sinusoids [B and C; hematoxylin and eosin (H&E), 100 × and 400 × respectively]; severe feathery degeneration of hepatocytes
associated with hepatocellular cholestasis was also notable (D, H&E, 400 ×). This patient died after 6 mo follow-up due to portal hypertensive events complicated by
septic shock.

resolved spontaneously on drug withdrawal, but reappeared after rechallenge (same
dose for 2 wk) to resolve again after halting the turmeric supplement (Figure 3). To
summarize, turmeric and its bioactive compounds have been implicated in rare but
severe autoimmune hepatitis-like liver injury and rarely, severe self-limiting
cholestasis with the potential to recur with drug rechallenge.

Commiphora wightii or mukul and Boswellia serrata (Guggul, Guggulu or Gugulipid)
Guggul is the gum resin procured from the white sap of various plants used in
Ayurvedic practice. Two plants, Commiphora wightii (Indian bdellium or myrrh tree)
and Boswellia serrata (Salai or Sallaki guggul or Shallaki from Indian olibanum or
frankincense tree) are commonly utilized to prepare guggul. Guggul is considered to
have beneficial effects on multiple organ systems and is used to treat symptoms
ranging from leg swelling and non-specific ulcers to diseases such as inflammatory
bowel disease and aggressive malignancies. The main ingredients of guggul are
guggulsterone, guggulsterol, boswellic acid and an ethyl-acetate soluble fraction called
guggulipid consisting of highly bioactive phytochemicals. A large number of in vitro
and in vivo studies have shown that guggul and its bioactive components act on
multiple molecular targets leading to anti-inflammatory, antioxidant, and antiapoptotic activity. This has led to the use of guggul for conditions such as arthritis, in
fat-burners, for dyslipidemia and cardiovascular health. However, studies on the
safety and clinical efficacy of guggul or its specific bioactive components are nonexistent in published literature[28]. Grieco et al[29] described the case of a 63-year-old
woman who consumed an over-the-counter lipid-lowering Ayurvedic product called
”Equisterol®” (containing guggul sterol, sitosterol, chlorogenic acid, policosanol,
multivitamins and red yeast rice derived monacolin) for 6 mo which was followed by
the development of acute severe hepatitis. Liver biopsy revealed extensive
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Figure 3 Turmeric-induced spur cell anemia in a patient with compensated cirrhosis. The retrieved turmeric powder supplement is shown in A; B
and C (Wright Giemsa stain, 40 ×) shows the presence of spur cells and resolution of spur cells on turmeric withdrawal. On rechallenge (D and E; Wright-Giemsa
stain, 40 ×) with turmeric supplement, spur cells reappeared without the need for blood transfusion, only to resolve after withdrawing the offending agent again.

necroinflammation with eosinophilic infiltration of hepatic lobules. Drug withdrawal
and supportive care led to complete resolution of symptoms and normalization of
liver tests within 10 d. The liver injury could have been due to the monacolin (with
statins like activity) in red yeast, even though herb-yeast interaction was not ruled
out[29]. Yellapu et al[30] described a female bodybuilder who consumed a multiingredient fat burner supplement leading to ALF. The supplements (Somalyz and
Lipolyz, Species Nutrition, United States) contained usnic acid, L-carnitine, choline
and ethanolamine, gamma-aminobutyric acid, vitamin E, green tea extract,
guggulsterone Z, and guggulsterone E. She underwent cadaveric liver transplantation
and was discharged uneventfully. Explant histopathology revealed massive hepatic
necrosis and parenchymal collapse with a few areas of ductular regeneration. Even
though various known plant-derived hepatotoxins (such as usnic acid, green tea
extracts) were components of the supplement, the presence of guggul and its
interactions were not ruled out. Guggul use has been implicated in the development of
skin rash, diarrhea, headaches, nausea, and liver toxicity with high doses[30]. As
reported by Polavarapu and co-workers, a 44-year old male developed fatigue,
malaise, and jaundice after consuming a fat-burner product (Lipo-6™ containing
guggulsterones and green tea extract) for 1 mo. Withdrawal of the herbal supplement
resulted in complete clinical resolution after 1 mo[31]. Dalal et al[32] described a middleaged woman who developed severe hepatocellular jaundice due to the intake of three
different Ayurvedic herbal and Homeopathic medications (punarnaya mandur, extract
from the Boerhavia diffusa and kanchnar guggulu, extract from Bauhinia variegate). Liver
biopsy demonstrated mild portal chronic inflammation and interface activity with
grade 3 bridging fibrosis, presence of ceroid-laden Kupffer cells, and conspicuous
eosinophils suggestive of herbal-induced liver injury. Analysis of the retrieved herbal
products and other medications did not reveal known hepatotoxic components, and
the patient improved after a short follow-up[32]. Guggul and its bioactive compounds
have been implicated in possible and probable DILI with hepatocellular pattern of
liver damage, which is usually self-limiting. However, there have been reports of ALF
requiring liver transplantation when guggul compounds have been part of multiherbal
fat-burner products, a herb-herb interaction that remains unexplored (Figure 4).

Psoralea corylifolia (Bakuchi)
Psoralea corylifolia, commonly known as purple fleabane, is a popular herb used in
Ayurvedic medicine for the treatment of various skin disorders. It is a perennial plant
with growth throughout the plains of the Indian continent. Seeds of the plant (known
as Fructus Psoraleae, FP) are mainly used for treating leprosy (hence the Sanskrit name,
”kushtanashini” or destroyer of leprosy), psoriasis, leukoderma, and vitiligo. The
monoterpenoid phenol called bakuchiol is the most important phytochemical
component. Other constituents include coumarin compounds such as active psoralens,
benzofuran derivatives and flavonoids[33]. A case of severe acute cholestatic hepatitis
associated with FP was reported by researchers in South Korea in a post-menopausal
woman consuming more than the recommended dose of the extract for osteoporosis.
The liver biopsy findings were suggestive of zone 3 necrosis, cholestasis, and mixed
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Figure 4 Guggul-related liver toxicity. The liver histopathology showed zone 3 necrosis extending to the portal region [A, hematoxylin and eosin (H&E) stain,
40 ×] with mixed neutrophilic and eosinophilic inflammation of the portal region associated with severe ductular reaction and early fibrosis (B, H&E stain, 100 ×).
Associated moderate to severe canalicular cholestasis is also noted (C, H&E stain, 40 ×).

inflammation in the lobules[34]. Three further cases of severe hepatotoxicity due to FP
was reported by Cheung et al[35]. The analysis of the retrieved proprietary medicines
revealed psoralens and bakuchiol[35]. In another report, Bakuchi tablets were
considered the cause of severe hepatocellular type liver injury in an older woman
consuming Ayurvedic medicines for vitiligo[32]. A similar case was reported by Smith
et al[36], of a 52-year old female who presented with a one-week history of jaundice and
severe pruritus with abdominal pain after ingesting Bakuchi seeds for vitiligo. The
liver biopsy revealed centrilobular necrosis with collapse, extensive cholestasis with
mixed lobular inflammation. Clinical improvement and normalization of liver
chemistries were notable at 3 mo follow-up[36]. Recently, Li and colleagues described a
case of severe cholestatic hepatitis leading to fatal ALF due to the consumption of
Bakuchi seeds over 7 mo in a 53-year-old with vitiligo. Studies have shown multiple
mechanisms for Bakuchi-related liver toxicity. The psoralen-induced inhibition of the
mTOR signalling pathway, mitochondrial injury, and impairment in liver regeneration
with deleterious effects on liver lipid metabolism (such as reduction of mRNA
expression of CYP7A1, HMG-CoA reductase, PPARα and increased expression of
BSEP) along with dose and frequency related accumulation of psoralen has been
shown to promote hepatotoxicity in small animal and in vitro studies[37-39]. To
summarize, prolonged use of Bakuchi is associated with severe cholestatic hepatitis,
mostly related to hepatotoxic psoralen compounds and bakuchiol, that can lead to ALF
and death in predisposed patients.

Cassia angustifolio (Indian Senna)
Cassia angustifolia or the Indian or Tinnevelly senna (containing tinnevellin glucosides)
belong to the legume family of Fabaceae, which comprise mostly ornamental plants.
Leaves and sometimes flowers and fruits of the senna plant are used in herbal teas and
as laxatives in Ayurvedic and Egyptian or Alexandrian (species known as Cassia
acutifolio; containing 6-hydroxymusicin glucoside) traditional medicine. Some consider
senna to be a safe herbal alternative for weight loss. The major bioactive components
are anthracoids (sennoside A and B), which are primarily anthraquinone glycosides[40].
Beuers et al[41] described a 26-year old nurse who presented with severe cholestatic
hepatitis after consuming high doses of senna-based medicines for 1 mo (senna fruit
extracts corresponding to 100 mg sennoside daily along with 10 g of folia sennae
laxative herbal tea twice weekly). Her liver biopsy showed extensive necrosis around
the central veins, moderate portal and lobular infiltration of lymphohistiocytes and
occasional plasma cells in the absence of autoantibodies. After drug withdrawal, liver
tests, and clinical symptoms normalized, only to recur after resuming senna
medications after 2 mo, and improving again, after drug withdrawal. Sennosides are
converted into rhein anthron in the intestine most commonly by Escherichia coli, which
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is then absorbed through the intestinal mucosa, glucuronidated, or sulfated and
excreted through feces and urine. Rhein anthron is structurally similar to danthron,
which is a well-known hepatotoxic laxative. The anthraquinones in rhubarb of which
rhein anthron is a major component has been shown to be associated with liver
injury[41]. A similar case was reported by Sonmez et al[42] in a 77-year old male in whom
liver biopsy revealed bridging hepatocellular necrosis and canalicular cholestasis with
slow but steady normalization of DILI on long-term follow-up. Seybold et al[43]
reported the case of a young woman with CYP2D6*4 homozygous variant in whom,
the repeated use of comparatively small quantities of senna herbal tea led to severe
acute hepatitis which resolved after drug withdrawal. The authors concluded that
”poor metabolizers” of phase I hepatic detoxification were predisposed to severe liver
injury due to senna[43]. Vanderperren et al[44] demonstrated that chronic ingestion of
large amounts of senna fruits in the form of herbal tea led to ALF associated with acute
kidney injury and severe coagulation failure in a 52-year old woman. Investigations
revealed large amounts of cadmium on urine toxicology consistent with possible
contamination of the herbal product with heavy metals[44]. Cadmium is a well-known
cumulative nephrotoxic and hepatotoxic agent, demonstrated in multiple Ayurvedic
herbal products as a contaminant or adulterant and associated with severe liver
injury[4,5,45,46]. Severe hepatotoxicity leading to fatal ALF was noted in an older woman
consuming Senna occidentalis (S. occidentalis) herb for constipation. S. occidentalis is a
common weed that is considered highly toxic to cattle and small herbivores. Recurrent
annual outbreaks of a hepato-myo-encephalopathy syndrome in children in western
Uttar Pradesh in India due to S. occidentalis poisoning was also reported by Vashishtha
et al[47,48]. In the absence of proper regulatory standards, oversight, and poor
manufacturing practices associated with Ayurvedic medicines, contamination of
classical senna preparations with similar but more toxic herbs remain a possibility for
causes concerning sporadic liver injuries[49]. Portal vein thrombosis due to
consumption of boiled, dried Indian senna leaves in a 42-year old woman without
underlying comorbid disease or prothrombotic conditions was also reported in the
literature[50]. To summarize, senna is associated with severe hepatocellular and
cholestatic liver injury and possible renal injury due to the presence of anthraquinone
alkaloids in predisposed patients. The clinical course is usually self-limiting with liver
toxicity proven on re-challenge; however, in rare instances, fatal ALF has been
reported.

Aloe barbadensis mille (aloe vera)
Aloe vera is a perineal, xerophytic, succulent, cactus-like shrub belonging to the Lily
family used for centuries in traditional medicine for the management of skin diseases,
wound healing; and orally as an anti-oxidant. Aloe is derived from the Arabic word
”Alloeh, ” meaning ”shining bitter substance” while ”vera” is Latin for ”true” and
called by Egyptians as the ”plant of immortality. ” The aloe leaf contains
glucomannans such as acemannan, the anti-inflammatory glycoprotein alprogen and
multiple anthraquinones such as aloin and emodin and the plant hormones auxins and
gibberellins[51]. The first report of aloe-induced acute hepatitis was published by Rabe
et al[52] from Germany in 2005. In their paper, a middle-aged woman developed acute
severe cholestatic jaundice after ingesting aloe supplements (500 mg tablets) for 4 wk
to delay ”aging”. The liver biopsy revealed portal and lobular lymphoplasmacytic
infiltrates and eosinophilic granulomas with bridging necrosis and bilirubinostasis.
The liver injury and symptoms abated after stopping the aloe tablets. The authors
contemplated that the liver injury was possibly due to the presence of bioactive aloe
alkaloids acting on the cytochrome P450 system resulting in detoxification process
interference and direct action of biotransformation end metabolites causing
hepatocytotoxicity[52]. Since its original description, multiple reports, including patient
series from Korea and Sweden and an extensive literature review on aloe-induced
hepatitis, have been published in the literature. Liver biopsy findings in subsequent
studies also featured severe hepatocyte ballooning, apoptosis, extensive cholestasis,
and the presence of eosinophils predominant lobular inflammation[53,54]. Apart from
hepatotoxicity, additional systemic toxicity in the form of severe intraoperative
bleeding due to probable interaction between aloe plant-derived prostaglandins and
sevoflurane during leg surgery in a young woman; renal failure due to over-dosing on
aloe products; aloe-induced Henoch-Schonlein purpura and cathartic melanotic colon
with adenomas are reported with aloe vera use[55]. Patient series of herbal and dietary
supplements induced liver injury, mostly due to Herbalife® products, containing aloevera extracts leading to severe liver injury are also well documented in certain
pharmacovigilance registries such as the Spanish DILI registry[56]. Even though in vitro
and in vivo studies have demonstrated the detoxifying and hepatoprotective potential
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of aloe vera, well-conducted translational clinical trials in humans confirming this
aspect are still lacking in published literature. Aloe-related acute decompensation of
cirrhosis in a chronic hepatitis C virus patient, presenting with acute severe cholestatic
jaundice, was reported by Vázquez-Fernández et al[57]. To summarize, oral aloe vera
use ranging from 2 wk to 24 wk, reportedly leads to severe cholestatic hepatitis among
predisposed patients as well as acute severe decompensation in patients with
underlying chronic liver disease. The injury is mostly of the hypersensitive type and
self-limiting but may have a prolonged morbid course (Figure 5).

Morinda citrifolia (Indian mulberry or Noni juice)
Morinda citrifolia, commonly known as noni, belongs to the coffee family cultivated
throughout the tropical countries. Due to its strong and pungent odor, it is also known
as cheese fruit or vomit fruit. Noni-related products in the form of juice or extracts are
considered by traditional medicine practitioners to benefit diseases from mouth ulcers
to diabetes and HIV-AIDS even though high quality and reproducible studies
demonstrating alleged clinical efficacy are non-existent in the literature. Published
data on the efficacy and safety of noni juice and extracts are limited to in vivo and in
vitro studies that are widely (and inaccurately) quoted by manufacturers and sellers of
noni juice as strong evidence for its practical and safe use. Compositional analysis of
noni demonstrated alkaloids (xeronine), polysaccharides, anthraquinones
(damnacanthal, morindone), and glycosides such as citrifolinoside[58]. Austrian
researchers described a 45-year-old man who consumed noni juice for 3 wk as a
”prophylactic antioxidant, ” and developed acute hepatitis. The liver biopsy revealed
severe mixed inflammation of the portal tracts along with marked eosinophils,
hepatocellular cholestasis in zone 3, and histiocytic infiltration of the sinusoids.
Complete resolution occurred within ten days of stopping noni juice[59]. Stadlbauer
et al[60] described the occurrence of ALF requiring liver transplantation in a 29-year-old
man and severe acute hepatitis due to consumption of noni juice for 3-mo in an elderly
woman with a self-limiting disease course in the latter. The biopsies revealed severe
mixed inflammation of portal tracts and lobules along with extensive centrilobular
necrosis and severe ballooning associated with mixed inflammation[60]. Nonetheless,
the development of ALF in the former patient cannot be solely attributed to noni juice
since multiple other potentially toxic herbal supplements such as Skullcap (a known
hepatotoxic Chinese herb), and green tea extracts were also consumed during the same
period. Further reports of liver injury due to noni juice have been published from
Croatia, Germany, and recently the United States. In these cases, where liver biopsy
was performed, the findings were similar to previously described cases – a
predominant hepatocellular form of liver injury with a mixed pattern of inflammation
with marked eosinophilic infiltration of portal tracts, perivenular hepatocellular zonal
necrosis with hepatocellular or canalicular cholestasis. All had a self-limiting disease
course with complete clinical resolution within weeks to months[61]. Manufacturers and
proponents advocating the benefits of noni juice with vested business interests have
been keen to publish their retaliation against published literature on noni juice-related
hepatotoxicity. However, almost all of their justifications have been biased and based
on anecdotal and narrative evidence especially the efficacy and safety aspects of noni
juice since idiosyncratic hepatotoxicity as a possibility has never been ruled out[62].
Further to this, multiple instances of the United States Food and Drug administration
serving warning letters to manufacturers for making false claims on the curative and
health benefits of noni has been in the limelight recently[63]. Current literature on the
hepatotoxicity of noni juice demonstrates a possible self-limiting idiosyncratic type of
herb-induced liver injury, probably due to anthraquinones, presenting with a severe
hepatocellular type of liver damage with a predominance of eosinophilic portal
inflammation, central necrosis, and cholestasis.

Ayurvedic herbs containing pyrrolizidine alkaloids
Alkaloids belong to the group of amino acid-derived, nitrogen-bearing molecules
displaying a wide range of biochemical activities. Pyrrolizidine alkaloids (PAs) are
those derived from ornithine and are commonly found as esters formed by a necine
base (amino alcohols) and one or more necic acids (mono- or aliphatic dicarboxylic
acids). Accordingly, based on the structure of the necine base, PAs may be sorted into
four groups: Retronecine-, heliotridine-, otonecine- and platynecine-types. The
following plant species - Heliotropium sp., Trichodesma sp., Symphytum sp. (known as
Comfrey), Senecio sp. (used in Bush teas), Eupatorium sp., Crotalaria sp. (commonly used
in Indian Ayurveda), Chelidonium majus sp., and Castilleja sp. are known to be rich in
PAs. In 1968, Mattocks was the first to describe the hepatotoxicity mechanism of PA,
which leads to hepatic veno-occlusive disease, currently known as hepatic sinusoidal
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Figure 5 Aloe vera-induced liver injury in a middle-aged diabetic woman. The percutaneous liver histopathology showed porto-portal bridging necrosis
[A, hematoxylin and eosin (H&E) stain, 200 ×] associated with moderate to severe ballooning of hepatocytes, hepatocyte fall out and neutrophilic satellitosis (B, H&E
stain, 400 ×). Severe intrahepatic and canalicular cholestasis is also noted (C, H&E stain, 400 ×).

obstruction syndrome (HSOS), a condition that can lead to liver failure potentiating
organ transplantation or to cirrhosis and portal hypertension[64]. PAs are transformed
and activated into intermediate metabolites of which dehydropyrrolizidine alkaloids
(DHPAs) are of significance. DHPA bind with groups containing sulfur, nitrogen, and
oxygen present in proteins to form adducts that penetrate the nucleus and react with
DNA, ultimately causing DNA cross-links and DNA-protein cross-links resulting in
genotoxicity and abnormal cellular function primarily in the liver, leading to
hepatocyte damage. These adducts pass to the adjacent space of Dissé as well as the
sinusoidal lumen, where they injure the sinusoidal cells leading to HSOS. Apart from
the liver, DHPA can also reach the pulmonary arterioles leading to secondary
pulmonary hypertension and, in the long-term, congestive heart failure. Tricodesmine,
a PA metabolism byproduct is neurotoxic and can cause encephalitis, vertigo, delirium
and coma. The case of HSOS in a newborn of a woman who consumed herbal tea
prepared from Tussilago farfara L showcasing the teratogenicity of PA is also
reported[65]. The cognizance that PA-containing herbs can promote HSOS development
comes from the identification of a large number of sporadic cases from Africa and the
Indian subcontinent among those consuming herbal teas and ingesting traditional
healer concoctions. Cross-contamination of herbal teas with PA-rich herbs leading to
liver toxicity is also described. In India, consumption of honey processed (during
pollen drying) using PA containing Crotalaria juncea L has been demonstrated to
promote PA toxicity[66]. Figure 6 demonstrates the serial liver biopsy of a young male
who developed HSOS leading to cirrhosis and portal hypertension at one year followup, after consuming over-the-counter capsule extracts of Holarrhena antidysenterica
(pubescens) for ”indigestion” for 1 mo. H. antidysenterica contains PAs, and rats fed with
extracts demonstrated liver toxicity in the form of injury to centrilobular veins,
centrilobular sinusoidal hemorrhage, congestion and centrilobular and focal
hepatocellular necrosis compatible with PA-induced damage[67]. Thorough knowledge
of herbs promoting chronic and sub-acute liver injury, and careful assessment of
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Figure 6 Hepatic sinusoidal obstruction syndrome in a young male who consumed Holarrhena antidysenterica, known to contain
pyrrolizidine alkaloids. Transjugular liver biopsy was performed in view of ascites. The liver histology showed fairly preserved portal areas with extensive
sinusoidal dilatation in all zones associated with early sinusoidal and peri-sinusoidal fibrosis [A and B, hematoxylin and eosin (H&E) stain, 400 ×]; the sinusoidal
fibrosis is quite evident on Masson-trichrome stain (C, 400 ×); after one year follow-up, in view of recurrence of ascites and acute variceal bleeding, a repeat liver
biopsy was performed which revealed prominent sinusoidal dilatation with sinusoidal and portal fibrosis (D, H&E stain, 200 ×) and cirrhosis changes with bridging
fibrosis and partial nodule formation (E, Masson-trichrome stain, 200 ×). The retrieved over-the-counter herbal supplement is shown (F).

herbal components in polyherbal medications is mandated by physicians treating
probable cases of DILI due to Ayurvedic drugs to diagnose rare but possible causes of
herbal hepatotoxicity that may progress to chronic liver disease and portal
hypertension.

Miscellaneous Ayurvedic Herbs
Garcinia cambogia (Malabar Tamarind): Currently known as Garcinia gummi-gutta (L)
Roxb, the fruit rind is extensively used as a flavouring agent in many parts of the
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Indian subcontinent. In Ayurvedic medicine, it has been purported to be a safe remedy
for constipation, rheumatic diseases, helminthic infestation, and as a weight-loss agent
due to its appetite suppressing activity. Hydroxy-citric acid (HCA), an α-,β-dihydroxy
tricarboxylic acid, is the major component present in the fruit rind, which may be
responsible for the anorexic property. Garcinia fruit contains approximately 10% to
30% HCA, which reduces weight gain by inhibiting adenosine triphosphate (ATP)citrate lyase, the enzyme responsible for catalytic reactions during fatty acid synthesis.
Further appetite suppression occurs through increased release of serotonin
neurotransmitter that dissipates eating behaviour. Multiple small animal model
studies have demonstrated the anti-diabetic, anti-obesity, hypolipidemic, antiinflammatory, antimicrobial, anti-parasitic activity as well as hepatoprotective effects
of Garcinia. However, none of these have translated into clinical practice or confirmed
in randomized studies. Those endorsing the safety and efficacy of Garcinia uphold
their beliefs on the basis of low quality studies[68]. A randomized double-blind
controlled trial on Garcinia failed to show significant change in fat mass and body
weight compared to placebo, while a recent meta-analysis demonstrated an uncertain
overall effect on long-term weight[69,70]. A total of 24 case reports and 8 case series
reporting adverse events among 66 patients after Garcinia extract consumption was
published in the literature. Of these, 17 studies out of 32 describe cases of acute liver
injury, liver failure, and hepatotoxicity, observed among 50 patients consuming pure
Garcinia or supplement mixtures. The latency period lasted from a few days to one
year with continued ingestion in some patients. Two patients died, eight required liver
transplantation, while one developed chronic DILI leading to cirrhosis[71,72].
Hepatotoxic adulterants and contaminants such as high levels of chromium, cadmium,
and thallium in marketed Garcinia supplements leading to acute liver injury have been
reported in the literature[73]. Garcinia cambogia has been implicated in acute self-limiting
hepatitis, as well as ALF requiring liver transplantation and progression to cirrhosis.
Furthermore, poor manufacturing practices resulting in adulteration and
contamination of proprietary Garcinia supplements add to the hepatotoxic potential of
Garcinia independently or synergistically.
Gymnema sylvestre (Cow plant or ”Gurmar”): Known as the ”sugar destroyer, ” this
perennial woody climbing herb belonging to the milk-weed family is commonly used
for treating diabetes mellitus. The most important phytochemical constituents include
triterpene saponins, which are collectively called gymnemic acids, the polypeptide
gurmarin, and the alkaloid conduritol. Gymnemic acid type A is the most potent
hypoglycemic component, highly concentrated in the shoot tips and least in the seeds.
Some of the alkaloids and saponins also act as appetite suppressants. Shiyovich et al[74]
described the case of a 60-year-old female who developed severe acute hepatitis after
consuming ”gurmar tea” for diabetes for one week. The work-up for other competing
causes of acute hepatitis was non-contributory. The liver histopathology revealed
lobular disarray with severe necroinflammatory changes in the hepatic lobules,
marked ductular proliferation, and neutrophilic infiltration of portal areas. A short
course of corticosteroids and ”gurmar” withdrawal resulted in complete resolution of
symptoms[74]. Gymnema is also one of the components of the well-described hepatotoxic
herbal and dietary weight loss supplement, Hydroxycut®[75]. Physicians caring for
patients with DILI and patients with diabetes mellitus opting for additional alternative
therapies must be made aware of the potential liver-damaging effects of herbs such as
Gymnema (Figure 7).
Tribulus terrestis (”Gokshura” / Goat’s head / Devil’s weed or Puncture vine):
Tribulus terrestris (TT), a tap-rooted herb belonging to the caltrop family, is native to
regions with a tropical climate. It is known to be a noxious weed with a woody prickly
fruit. Its use in Ayurveda for impotence and sexual disorders, and its use as a dietary
supplement among bodybuilders and athletes, stems from the belief that it increases
testosterone level, has anabolic steroid properties, and improves muscle strength –
efficacy that lacks scientific proof through quality studies. The main biologically active
phytochemicals in TT are steroidal saponins (mainly protodioscin, prototribestan, and
dioscin), flavonoids, Harman alkaloids and lignan amides. TT ingestion is known to
produce tribulosis (renal and liver injury) associated with the accumulation of
phylloerythrin and beta-carboline alkaloids in the blood of cattle. It also causes
staggers (neuromuscular ataxia) and geeldikkop (cholestatic liver injury and bile cast
nephropathy) in sheep[76]. Talasaz et al[77] described a 28-year-old man who, after
ingesting ”Tribulus Water, ” developed severe liver (transaminases > 40 times the
upper limit of normal) and kidney dysfunction, and seizures leading to hypertensive
crisis and advanced azotemia due to acute renal tubular dysfunction requiring

WJH

https://www.wjgnet.com

586

September 27, 2020

Volume 12

Issue 9

Philips CA et al. Ayurvedic herbs and liver toxicity

Figure 7 Acute cholestatic hepatitis due to Gymnema sylvestre (gurmar or sugar destroyer) herb. The retrieved herbal supplement and an
unknown herb is shown in A. Liver biopsy revealed moderate to severe neutrophil predominant interface hepatitis [B, hematoxylin and eosin (H&E) stain, 200 ×];
micro and macrovesicular steatosis, lobular inflammation and severe ductular reaction (C, H&E stain, 200 ×) and intrahepatic cholestasis with eosinophilic
degeneration of hepatocytes (D, H&E stain, 400 ×).

haemodialysis. After a stormy 2 wk hospital course, both liver and renal parameters
improved, and the patient was discharged[75]. Similarly, Ryan et al[78] described a young,
healthy male who ingested TT herbal tablets for a few months as part of bodybuilding, who presented with severe jaundice and pruritus, followed by acute renal
failure with bile-casts in the renal tubules on histopathology evaluation. A
percutaneous liver biopsy showed only severe cholestasis, well-preserved hepatic
lobules without inflammation supporting evidence for cholestasis-induced renal
damage in the patient, possibly due to TT use[78]. These reports shed light on the role of
herb-induced non-serious liver injury, such as bland cholestasis indirectly leading to
severe extrahepatic organ failure.
Valeriana officinalis (Valerian): Valerian is an herbal root extract form of Valeriana
officinalis, a perennial flowering plant growing in Europe and Asia. The name is
derived from the Latin verb ”valere” meaning ”strong, healthy.” Valerian is known to
contain multiple bioactive phytochemicals such as actinidine alkaloid, valerianine,
valerene and, gamma-aminobutyric acid. It is used as an anxiolytic and sedative in
Ayurvedic medicine. Potential mechanisms for sedation are not yet fully identified as
phytochemicals such as valeric acid, and other root-specific components did not
demonstrate sedative properties in experimental models. It is believed that valerenic
acid by acting on the 5-HT5A serotonin receptor modulates the sleep-wake cycle. The
doubtful use of valerian as a sedative is underscored by a report on overdose in which
the patient presented with mild symptoms that resolved within 24 h after consuming
20 times the recommended dose[79,80]. Valproic acid is a derivative of valeric acid. A
small number of case reports have showcased hepatotoxicity associated with valerian.
MacGregor et al[81] were the first to report on the potential hepatotoxic effects of
valerian in 1989 in a series of four patients, all of whom consumed over-the-counter
sleeping pills that also included other herbs. The presence of Chinese skullcap was
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thought to be the major inciting agent in these patients, but caution was advised
against using valerian-based herbal combinations[81]. Cohen et al[82] described a young
woman who developed self-limiting severe acute cholestatic jaundice after consuming
capsules of valerian root extract 300 mg twice daily for 3 mo in the absence of other
competing causes. Vassiliadis et al[83] described a 50-year-old woman with valerian
extracts and tea consumption for 3 wk, after which she developed acute hepatitis. The
liver biopsy showed mild portal fibrosis, lymphocytic, and eosinophilic inflammation
of portal tracts, inflammatory changes of the small bile duct with ductular reaction and
necrosis in the perivenular zone. Liver injury resolved after 10 mo on conservative
management[83]. In a study on herb-induced liver injury in the Berlin Case-Control
Surveillance program, possible causality for valerian-induced DILI was notable in five
(four females) patients. The liver injury was hepatocellular and cholestatic in type, and
two patients developed jaundice. In two patients, biopsy revealed extensive necrosis
while in one, it was perivenular (zone III) in nature, with all showing severe lobular
and portal-based mixed type of inflammation. The disease course was self-limiting
with symptom resolution and improvement of liver dysfunction on follow-up[84]. In
Figure 8 we illustrate the baseline and follow-up liver histopathology of a young
woman who developed severe acute cholestatic hepatitis that progressed to chronic
DILI and chronic liver disease at 6 mo follow-up, after consuming Indian valerian (
Valeriana wallichi) root extract (Tagara®, The Himalaya Drug Company) for three to
seven days. A summary of all discussed Ayurvedic herbs and their hepatotoxic details
is shown in Table 1.

CONCLUSION
Ayurvedic herb-related hepatotoxicity and liver injury can present as asymptomatic
minor transaminase elevations, acute and chronic hepatitis, granulomatous hepatitis,
asymptomatic to severe cholestasis, sinusoidal obstruction syndrome, acute liver
failure requiring transplantation as well as progression to cirrhosis and portal
hypertension. It is essential that physicians and specialists caring for patients with
acute and chronic liver disease understand the small, but central role of herb-induced
liver injury in a subset of patients who follow complementary and alternative medical
practices and in whom an etiology of liver disease cannot be ascertained after
extensive and conventional evaluation. The type of herb-induced liver injury and
knowledge of its natural course is also important for treatment decisions and
prognostication. Further studies that focus on the identification of beneficial and toxic
components in Ayurvedic herbs, regulated curbing on the use of polyherbal
formulations and educating the masses through public-industry partnerships, on the
potential severe toxicity of certain herbs remain an unmet need.

WJH

https://www.wjgnet.com

588

September 27, 2020

Volume 12

Issue 9

Philips CA et al. Ayurvedic herbs and liver toxicity

Table 1 A summary of all Ayurvedic herbs implicated in liver injury with potential mechanisms of toxicity, liver injury pattern, histopathology patterns and clinical outcomes

Ayurvedic herb

Author/study /country

Pattern of liver
injury
(hepatocellular,
Liver biopsy features
cholestatic or mixed
type)

Withania somnifera
(Ashwagandha)

Inagaki et al[10]/report/Japan

Cholestatic type

Intrahepatic cholestasis, canalicular bile plugs

Björnsson et al /series (n =
5)/Iceland and United States

Cholestatic and mixed
type

Cholestatic hepatitis

Teschke et al[14]
/report/Germany

Hepatocellular type

Not performed

Jorge et al[17]/series (n =
3)/Argentina

Mixed type

Granulomatous cholestatic hepatitis

One patient progressed to cirrhosis and acute
decompensation on repeat herb intake; in
another, complete resolution noted

Dantuluri et al[18]
/report/United Kingdom

Hepatocellular type

Not performed

Acute liver failure, spontaneous resolution,
survived

Lukefahr et al[22]/
report/United States

Hepatocellular type

Autoimmune hepatitis

Suhail et al[23]/report/United
States

Hepatocellular type

Acute panlobular hepatitis with early parenchymal collapse

Complete resolution in 3 wk

Lee et al[24]/report/United
States

Hepatocellular type

Autoimmune hepatitis with additional eosinophilic and neutrophilic
interface hepatitis

Complete resolution

Imam et al[25]/report/United
States

Hepatocellular type

Not performed

Complete resolution

Luber et al[26]/two patient
report/Australia

Mixed type in first
case and
hepatocellular type in
second patient

Biopsy performed in first case showed mixed lobular inflammation
and severe interface hepatitis; biopsy not performed in case two

Complete resolution in both patients,
autoantibodies positive in second patient

Chand et al[27]/report/Australia

Hepatocellular type

Acute hepatitis with mixed inflammatory infiltrate of lobules and
interface hepatitis with focal necrosis and mild cholestasis

Complete resolution, no autoantibodies
noted, but high immunoglobulin G was
remarkable

Grieco et al[29]/report/Italy

Hepatocellular type

Necroinflammation with lobular eosinophilic inflammation

[11]

Bacopa monnieri, Centella
asiatica (Brahmi or Gotukola)

Curcuma longa (Turmeric)

Guggul / Guggulipids (as
part of polyherbal
formulations and weight

WJH

https://www.wjgnet.com

Suspected potential
toxic component (s)

Clinical outcomes and comments

Unclassified triterpenoids

Resolved, survived
Resolved, survived

Saponin triterpenoids.
phytoglycosides,
autoantibody or immunemediated

Immunomodulatory
polyphenolic compounds,
drug triggered
autoantibodies related liver
injury
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loss supplements)

hepatotoxicity described
[30]

Yellapu et al
States

Psoralea corylifolia (Bakuchi,
Babchi seeds)

Cassia angustifolio (Indian
Senna)

/report/United

Hepatocellular type

Massive hepatic necrosis

Acute liver failure necessitating cadaveric
liver transplantation

Polavarappu et al[31]
/report/United States

Hepatocellular type

Not performed

Spontaneous resolution on drug withdrawal

Dalal et al[32]/report/United
States

Hepatocellular type

Mixed portal inflammation, interface hepatitis, eosinophilic lobular
inflammation with ceroid laden macrophages

Spontaneous resolution on drug withdrawal

Nam et al[34]/report/South
Korea

Mixed type

Zone 3 necrosis, cholestasis and severe mixed inflammatory
infiltration of lobules

Cheung et al[35]/series (n = 3)/

Hepatocellular type

Not performed

All three patients had uneventful recovery
after drug withdrawal

Smith et al[36]/report/United
Kingdom

Hepatocellular type

Cholestatic acute hepatitis

Clinical resolution on drug withdrawal

Morinda citrifolia (Noni
juice)

Perivenular necrosis, lymphohistiocytic portal and lobular
inflammation

Sonmez et al[42]/report/Turkey

Mixed type

Bridging hepatocellular necrosis and canalicular cholestasis

Complete resolution

Seybold et al
/report/Germany

Hepatocellular type

Not performed

Complete resolution

Vanderperren et al[44]/Belgium

Hepatocellular type

Not performed

High amounts of cadmium
on toxicology evaluation

Acute liver failure with renal failure, resolved
on aggressive supportive care

Rabe et al[52]/report/Germany

Cholestatic type

Portal and lobular lymphoplasmacytic inflammation, eosinophilic
granulomas, bridging necrosis and bilirubinostasis

Aloe alkaloids,
anthraquinones

Complete resolution on herbal drug
withdrawal

Parlati et al[53]/report and
review series (n = 9)/France

Hepatocellular type

All patients had portal and lobular inflammation with neutrophils
and lymphoplasmacytes along with granulomas, acidophil bodies,
ballooning of hepatocytes, extensive bridging necrosis and
bilirubinostasis

All cases had clinical resolution of symptoms,
no acute liver failure and no chronicity noted
on follow up

Manso et al[56]/series on
Herbalife® products/Spain

Hepatocellular type

Cholestatic hepatitis

Complete resolution after supplement
withdrawal

Vázquez-Fernández et al[57]
/report/Spain

Cholestatic type

Cholestatic hepatitis with lymphocyte predominant portal
inflammation

Acute decompensation of cirrhosis
(underlying HCV related infection); outcome
not reported

Anthracoid sennoside and
rhein anthron metabolites

Complete resolution, recurrence on
rechallenge

Millonig et al[59]/report/Austria Hepatocellular type

Severe mixed inflammatory infiltration of portal tracts with lobular
eosinophilic inflammation and hepatocellular cholestasis in zone 3

Stadlbauer et al[60] / two cases
report/Austria

First case, confluent necrosis, second case centrilobular necrosis and
mild inflammatory infiltration in both

First patient progressed to acute liver failure
and underwent successful liver
transplantation; second patient had complete
clinical recovery on conservative care

Acute hepatitis with portal inflammation and periportal necrosis,

Paediatric case (14-year-old boy) with

Both cases
hepatocellular type

Yu et al[61]/report/United States Hepatocellular type
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Complete clinical resolution

Beuers et al[41]/report/Germany Mixed type

[43]

Aloe vera

Terpenoids like bakuchiol
and coumarinoids
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hepatocellular cholestasis and numerous eosinophils in lobules
[66]

complete recovery on supportive care

Heliotropium sp.,
Trichodesma sp., Eupatorium
sp., Senecia sp., Crotalaria sp.
Chelidonium majus sp.,
Castilleja sp. Holarrhena
antidysenterica

Neuman et al /review series > Hepatocellular and
30 cases/Canada
mixed type

Early pathologic changes include the deposition of fibrinogen and
factor VIII within the venular walls and liver sinusoids. In acute
stage, haemorrhage into markedly dilated sinusoids with hepatocyte
atrophy is noted, the sinusoids become denuded, parenchymal
collapse is evident followed by the constriction and obliteration of
small central veins by subendothelial swelling or fibrosis. The
sinusoidal fibrosis and nodular regeneration may occur leading to
cirrhosis and portal hypertension at later stages

Pyrrolizidine alkaloids

The acute form is rapidly fatal in 20% to 40%
of patients. Adults have worse prognosis that
the paediatric age group. Approximately 15%
with acute disease will progress to subacute
or chronic injury, and develop end-stage liver
disease in a few years.

Garcinia cambogia (Malabar
Tamarind)

Crescoli et al[71] and Kothadia
et al[72]/case series review, n =
66/

Hepatocellular type

Acute hepatitis with necroinflammation and parenchymal collapse is
commonly noted on histopathology

Hydroxycitric acid and
adulteration with heavy
metals and other toxic
ingredients

Commonly self-limiting even after a
prolonged course; acute liver failure and
acute on chronic liver failure leading to death
described; in liver failure, transplantation has
been performed to increase survival; chronic
and prolonged DILI has been described
leading to cirrhosis and portal hypertension

Gymnema sylvestre (Gurmar
or sugar destroyer)

Shiyovich et al[74] and Dara
et al[75]/series of patients
including those consuming
herbal and dietary supplements
such as Hydroxycut®
containing Gymnema

Mixed type

Necroinflammation of the lobules and portal regions with marked
ductular proliferation and neutrophilic infiltration of the portal areas

Triterpene saponins,
gymnemic acids and
polyalkaloids

Usually self-limiting with complete
resolution after herbal drug withdrawal

Tribulus Terrestis (Gokshura Talasaz et al[77] and Ryan et al[78]
or Puncture vine)
/reports / Iran and United
States respectively

Hepatocellular type

Not performed

Phylloerythrin and betacarboline alkaloids are
suspected toxins

Associated with seizures and acute kidney
injury (mostly bile cast nephropathy); usually
self-limiting and responsive to conservative
care

MacGregor et al[81] series (n = 4)
/Edinburgh

Hepatocellular type

Not performed

All patients had uneventful recovery after
drug withdrawal and supportive care

Cohen et al[82]/report/United
States

Suspected toxins include
valerian alkaloids and
sesquiterpenes

Cholestatic type

Not performed

Vassiliadis et al[83]
/report/Greece

Hepatocellular type

Lymphocytic and eosinophilic portal inflammation with perivenular
necrosis and small bile duct damage

Duoros et al[84]/series (n =
5)/Berlin

Hepatocellular and
mixed type

Extensive necrosis, lobular and portal severe necroinflammation with
neutrophils, lymphocytes and eosinophils

Valeriana officinalis
(Valerian)

HCV: Hepatitis C virus; DILI: Drug-induced liver injury.
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Figure 8 Development of acute severe cholestatic hepatitis leading to chronic herb-induced liver injury resulting in cirrhosis in a young
female, after ingestion of Valerian (Tagara®). Percutaneous liver biopsy performed in August 2019 (A-C) revealed portal and periportal necrosis with mixed
lobular inflammation [A, hematoxylin and eosin (H&E) stain, 100 ×], pale blue staining in the regions of necrosis and hepatocyte loss is notable on Masson-trichrome
staining (B, 200 ×); hepatocellular and canalicular cholestasis is notable (C, H&E, 400 ×); on follow-up, liver biopsy showed progression of fibrosis with vague
hepatocyte nodule formation (D, H&E, 200 ×) with central to central and central to portal bridging fibrosis suggestive of cirrhosis and nodule formation on Massontrichrome stain (E, 100 ×).
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Abstract
BACKGROUND
Acetaminophen overdose is the most frequent cause of drug-induced liver failure
in developed countries. Substantial progress has been made in understanding the
mechanism of hepatocellular injury, but N-acetylcysteine remains the only
effective treatment despite its short therapeutic window. Thus, other
hepatoprotective drugs are needed for the delayed treatment of acetaminopheninduced hepatotoxicity. Our interest focused on glycyrrhizin for its role as an
inhibitor of high mobility group box 1 (HMGB1) protein, a member of the family
of damage-associated molecular pattern, known to play an important pathological
role in various diseases.
AIM
To investigate the efficacy of the N-acetylcysteine/glycyrrhizin combination
compared to N-acetylcysteine alone in the prevention of liver toxicity.
METHODS
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Eight-week-old C57BL/6J wild-type female mice were used for all our
experiments. Mice fasted for 15 h were treated with acetaminophen (500 mg/kg)
or vehicle (phosphate-buffered saline) by intraperitoneal injection and separated
into the following groups: Glycyrrhizin (200 mg/kg); N-acetylcysteine (150
mg/kg); and N-acetylcysteine/glycyrrhizin. In all groups, mice were sacrificed 12
h following acetaminophen administration. The assessment of hepatotoxicity was
performed by measuring plasma levels of alanine aminotransferase, aspartate
aminotransferase and lactate dehydrogenase. Hepatotoxicity was also evaluated
by histological examination of hematoxylin and eosin-stained tissues sections.
Survival rates were compared between various groups using Kaplan-Meier
curves.
RESULTS
Consistent with data published in the literature, we confirmed that intraperitoneal
administration of acetaminophen (500 mg/kg) in mice induced severe liver injury
as evidenced by increases in alanine aminotransferase, aspartate aminotransferase
and lactate dehydrogenase but also by liver necrosis score. Glycyrrhizin
administration was shown to reduce the release of HMGB1 and significantly
decreased the severity of liver injury. Thus, the co-administration of glycyrrhizin
and N-acetylcysteine was investigated. Administered concomitantly with
acetaminophen, the combination significantly reduced the severity of liver injury.
Delayed administration of the combination of drugs, 2 h or 6 h after
acetaminophen, also induced a significant decrease in hepatocyte necrosis
compared to mice treated with N-acetylcysteine alone. In addition, administration
of N-acetylcysteine/glycyrrhizin combination was associated with an improved
survival rate compared to mice treated with only N-acetylcysteine.
CONCLUSION
We demonstrate that, compared to N-acetylcysteine alone, co-administration of
glycyrrhizin decreases the liver necrosis score and improves survival in a murine
model of acetaminophen-induced liver injury. Our study opens a potential new
therapeutic pathway in the prevention of acetaminophen hepatotoxicity.
Key Words: Acetaminophen; Acute liver injury; Glycyrrhizin; N-acetylcysteine; Nacetylcysteine/glycyrrhizin combination; Murine model; High mobility group box 1
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: Acetaminophen overdose is the most common cause of drug-induced liver failure
in the developed countries. Substantial progress has been made in understanding the
mechanism of hepatocellular injury, but N-acetylcysteine remains the only effective
treatment despite its short therapeutic window. We present here our first results on the
combination of N-acetylcysteine and glycyrrhizin in a murine model of acetaminopheninduced liver injury. Acetaminophen toxicity was induced by an intraperitoneal dose of
500 mg/kg. Hepatotoxicity was assessed by biochemical and histopathological analyses.
Survival rates were also compared. Our results suggest, for the first time, that the
combination of N-acetylcysteine and glycyrrhizin may be effective in preventing
acetaminophen-induced liver injury in mice.
Citation: Minsart C, Rorive S, Lemmers A, Quertinmont E, Gustot T. N-acetylcysteine and
glycyrrhizin combination: Benefit outcome in a murine model of acetaminophen-induced liver
failure. World J Hepatol 2020; 12(9): 596-618
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DOI: https://dx.doi.org/10.4254/wjh.v12.i9.596
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INTRODUCTION
Acetaminophen, also known as N-acetyl-p-aminophenol (APAP), is one of the most
widely used drugs for its analgesic and antipyretic properties. Although
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acetaminophen is a safe and effective drug at recommended doses, it can cause
hepatotoxicity and acute liver failure in the event of overdose[1,2]. The hepatotoxicity of
acetaminophen remains the leading cause of acute liver failure in the United States
and Europe but the mechanism of hepatotoxicity is still incompletely understood and
therapeutic options are limited[3,4]. After ingestion, a majority (> 90%) of
acetaminophen is metabolized by glucuronidation and sulfation reactions to produce
non-toxic metabolites. A small fraction (< 10%), undergoing oxidation, is metabolized
by CYP450 isoforms, mainly CYP2E1, to N-acetyl-p-benzoquinone imine (NAPQI), a
toxic metabolite. Under normal conditions NAPQI, which binds covalently to cysteine
groups on proteins (APAP adducts), is rapidly detoxified by glutathione (GSH)[5].
There is strong evidence that depletion of hepatic GSH and the covalent binding of
NAPQI to cellular macromolecule contribute to protein modification and
mitochondrial dysfunction with ATP depletion, leading to massive centrilobular
necrosis[6].
N-acetylcysteine (NAC) is the standard therapy for treatment of APAP overdose.
This drug counters acetaminophen toxicity by increasing the detoxification of NAPQI
by direct conjugation with GSH or by increasing GSH synthesis[7]. In this way, NAC
acts to prevent the accumulation of the toxic metabolites of APAP in hepatocytes and
thereby prevents hepatocytes necrosis. However, to ensure effective treatment, NAC
should be administered within 8-10 h after ingestion of acetaminophen[8,9]. Since the
symptoms of APAP overdosage are often overlooked, the administration of NAC is
often insufficient or ineffective due to its short therapeutic window. In addition,
restoration of the GSH store is not sufficient to stop the progression of APAP-induced
hepatotoxicity[10-12]. Thus, in case of acute liver failure, the only alternative remains
liver transplantation, a rare resource associated with significant consequences (longterm immunosuppression, frequent medical follow-up, cost). New therapies are
clearly needed.
As a medicinal resource, traditional Chinese herbs have attracted attention as food
with health benefits and as herbal medicines. Glycyrrhizin (GL), an aqueous extract of
licorice root, is composed of glycyrrhetinic acid and two molecules of glucuronic acid.
In patients with chronic hepatitis, it is already commonly used in Japan and has been
evaluated in therapeutic trials in Europe[13,14]. GL has various pharmacological actions,
including anti-inflammatory, anti-viral, antioxidative, anti-liver cancer,
immunomodulatory and cardioprotective activities. GL is also known for its
hepatoprotective effects[15]. The different mechanisms of action of GL are not yet all
known. However, GL has been described as an inhibitor of the high mobility group
box 1 (HMGB1) protein that binds directly to both HMGB boxes and inhibits its
cytokine activities[16]. In our previous in vitro experiments, we observed that APAP
induced release of HMGB1 from damaged hepatocytes and we demonstrated the
released HMGB1 contributed to the death of neighboring hepatocytes[17].
In the present study, we focused on the effects of GL, NAC, or co-administration of
these two drugs in a murine model of APAP hepatotoxicity. The aim was to explore
the efficacy of the combination of two drugs that act at different stages of the
acetaminophen metabolism process and to evaluate the potential protective role of this
combination in acute liver injury induced by APAP overdose.

MATERIALS AND METHODS
Animal model of APAP-induced liver injury and treatments.
Eight-week-old C57BL/6J wild-type female mice were obtained from The Jackson
Laboratory (Bar Harbor, ME, United States). Upon arrival, the mice were acclimatized
to laboratory conditions (21 °C, humidity 50%) for 1 wk prior to experimentation. Mice
were maintained on 12-h light-dark cycle with free access to food and water in
accordance with the Guide for the Care and Use of Laboratory Animals. Animal
protocols were approved by the local Ethic Committee of the Université Libre de
Bruxelles (Protocol Identifiers: 488N).
In all experiments, after 15 h fasting with free access to water, mice received an
intraperitoneal injection of APAP at the dose of 500 mg/kg body weight. In some
experiments, GL (200 mg/kg), NAC (150 mg/kg) or phosphate-buffered saline, as
vehicle, was administered to the animals at various times after APAP injection. Mice
were sacrificed at different time points after APAP challenge by cervical dislocation
under anesthesia; blood was collected, and the liver was removed. Blood samples were
centrifuged at 13523 × g for 5 min and supernatants were stored at -20 °C. Upon
removal, the biggest lobe of each liver was fixed in 4% formaldehyde and three other

WJH

https://www.wjgnet.com

598

September 27, 2020

Volume 12

Issue 9

Minsart C et al. Translational mouse model of acetaminophen hepatotoxicity

lobes were snap-frozen and stored at -80 °C for RNA isolation. For survival
experiments, animals were followed for 172 h. Mice were euthanized when they
became moribund per the criteria of lack of response to stimuli or lack of righting
reflex.

Assessment of hepatotoxicity
Liver injury was determined by measuring plasma levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) but also by
histological examination of hematoxylin and eosin (H&E)-stained tissues sections.
ALT, AST and LDH measurements were performed using commercially available
kits (Roche/Hitachi, Brussels, Belgium), based on methods recommended by the
International Federation of Clinical Chemistry. Briefly, blood was collected by
retroorbital puncture and centrifuged in a cold room (13523 × g; 5 min) before storage
at -20 °C for 24 h. ALT and AST concentrations were then measured in plasma samples
at 37 °C using a photometric method based on the rate of decrease of NADH, which is
directly proportional to the rate of pyruvate formation and therefore to the activity of
ALT or AST. The latter, directly proportional to the quantity of ALT or AST present in
the cells, is expressed in International Units per liter (IU/L). The reading of the kinetics
was conducted during 4 min at 340 nm. LDH concentration was measured by
ultraviolet assay. Briefly, lactate dehydrogenase catalyzes the conversion of lactate to
pyruvate; NAD is reduced to NADH in the process. The initial rate of the NADH
formation is directly proportional to the catalytic LDH activity. It is determined by
photometrically measuring the increase in absorbance.
Necrosis score was determined by histological examination of H&E-stained tissue
sections. Briefly, the large lobes of the liver, taken after each sacrifice, were fixed in a
buffered isotonic solution of pH 7.4 of 4% formaldehyde for at least 24 h. Then, they
were cut in half widthwise and placed in cassettes which were placed directly into the
formalin. After that, pieces of liver were dehydrated by successive baths of
isopropanol and toluene and impregnated with paraffin to form blocks. Sections 5 µm
thick were made using the microtome and deposited on glass slides, which were then
soaked in gelatinous water. Finally, slides were incubated for at least 30 min in an
oven at 35-40 °C before being stained with H&E to reveal the cell structures,
respectively the nucleus and the cytoplasm.
H&E-stained slides obtained were then analyzed under an optical microscope in a
blinded manner. Centrilobular necrosis following treatment with APAP was scored by
a grading system as described previously[18].

Assessment of hepatic GSH
Assessment of hepatic GSH levels was performed using Bioxytech GSH-400
colorimetric assay kit and following the manufacturer’s protocol (OxisResearchTM,
Foster City, CA, United States). Briefly, the lobe of the liver was washed with 0.9%
NaCl before being blotted on paper and weighed. Then, tissue was homogenized in
5% ice cold metaphosphoric acid and centrifuged at 3000 × g for 10 min at 4 °C.
Finally, the clear upper aqueous layer was collected for the assay. The enzyme
concentration obtained is expressed as nmol of enzyme per milligram of protein using
bovine serum as a standard. The protein concentration was evaluated in liver
homogenates using Quick Start Bradford Protein Assay (Bio-Rad, Hercules, CA,
United States).

Assessment of ratio GSH/the oxidized state (GSSG)
Assessment of the GSH/GSSG ratio was performed using GSH/GSSG Ratio Detection
Assay Kit (Fluorometric - Green) and following the manufacturer’s protocol (Abcam,
Cambridge, United Kingdom). Briefly, the liver lobe was washed with 0.9% NaCl
before being blotted on paper and weighed (20 mg of tissue was required by the
protocol). Then, the tissue was homogenized in 5% ice cold metaphosphoric acid and
centrifuged at 14000 × g for 10 min at 4 °C. The clear upper aqueous layer was
collected and sample deproteinization was performed using trichloroacetic acid and
sodium bicarbonate. After this step, thiol green indicator reaction mix was added to
the deproteinized samples and the fluorescence measurement was performed (Ex/Em
= 490/520 nm). In two separate assay reactions, GSH (reduced) was measured directly
with a GSH standard and total GSH (GSH + GSSG) was measured by using a GSSG
standard.

Enzyme-linked immunosorbent assay
HMGB1 concentrations in the plasma of mice were measured by a sandwich-enzyme
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immunoassay (IBL International GmbH, Hamburg, Germany) following the
manufacturer’s protocol. Briefly, with the wells of the plate being coated with purified
anti-HMGB1 antibody, the protein of interest binds specifically to the immobilized
antibody during the first incubation (24 h, 37 °C). After the washing step to remove all
unbound components of the starting sample, a second peroxidase-labelled antibody
was distributed to the wells. After incubation (2 h, room temperature), the enzyme
substrate (solution containing TMB and buffer with 0.005 M hydrogen peroxide) was
added. The enzyme reaction took place for 30 min and was stopped by addition of a
0.35 M hydrogen sulfate solution. The intensity of the light produced, directly
proportional to the amount of HMGB1 present in our sample, was measured using a
spectrophotometer (Multiskan Ascent) at a wavelength of 450 nm. Concentration of
HMGB1 is expressed as ng/mL.

Immunohistochemical staining of HMGB1 in the liver
Serial sections (5 µm thickness) of formalin-fixed and paraffin-embedded liver were
immunostained for HMGB1 (1:1000) by indirect immuno-peroxidase method using
Discovery Ventana (Roche Diagnostics GmbH, Mannheim, Germany).

Quantification of HMGB1 in the liver
Immunohistochemical expression of nuclear HMGB1 was quantified as previously
described[19,20]. The immunostained sections were acquired at 20 × using a Hamamatsu
NanoZoomer HT2.0 whole slide scanner (Hamamatsu Photonics, Hamamatsu City,
Japan). Finally, semi-quantitative image analysis software (Tissue Map 3.0; Definiens,
Munich, Germany) was independently applied to all corresponding digitalized slides.
An average of 695146.9 ± 238143.2 nuclei was analyzed per liver and HMGB1 staining
intensity, expressed as the labelling index, which represented the percentage of stained
pixels in the nuclear area, was quantified.

RNA extraction and RT-qPCR
Frozen liver samples were homogenized in lysis buffer by MagNa Lyser (Roche
Diagnostics, Brussels, Belgium). mRNA was extracted by High Pure RNA Tissue kit
(Roche Diagnostics). Briefly, the homogenates were first centrifuged (15871 × g) for 10
min. Chloroform was added to the supernatant recovered and the mixture was
centrifuged for 15 min at 4 °C. Ethanol 70% was added before transfer to a column
(high pure spin filter tubes) and centrifuged for 30 s at 13000 × g. DNAse was added to
the column and incubated for 15 min at room temperature. Then, three successive
washes of the column were performed. Finally, the column was washed with elution
buffer to remove all the RNA retained in the filter and recover it in a clean Eppendorf.
The mRNA quality/purity of each sample was evaluated before RT-qPCR using the
NanoDrop™ 1000 Spectrophotometer (ThermoFisher Scientific, Waltham, MA, United
States). We evaluated the concentration of RNA in each sample as well as the ratio
260/280 (to exclude the presence of protein, phenol and other contaminants) and the
ratio 260/230 (to exclude the presence of co-purified contaminants). None of the
samples used had a ratio less than 1.8.
Retro-transcription of the mRNA into cDNA was performed as follows: 4 µL of
oligo-dT primer (0.1 µg/µL; Eurogentec, Liege, Belgium) was joined to 9 µL of H2O
containing 1 µg of RNA. This mixture was incubated at 65 °C for 5 min and then
cooled on ice. After that, 7 µL of RT mix, consisting of 5 × buffer, deoxyribonucleotide
triphosphates (10 mmol/L), porcine RNAse inhibitor (50 U/µL) and reverse
transcriptase (20 U/µL), were added. Finally, the mixture was incubated at 42 °C for 1
h, and then at 70 °C for 15 min.
Quantification of cDNA was performed by real time PCR using the LightCycler
(Roche Diagnostics). Detection of the amplified product was carried out using a
fluorescent probe (TaqMan; Roche) and the relative expression of the gene of interest
was calculated against β-actin and GAPDH gene (housekeeping gene) following the
Pfaffi method[21]. The sequences of primers used are listed in Table 1.

Reagents
GL was purchased from Sigma-Aldrich (Darmstadt, Germany). NAC (Lysomucil®)
was provided by Zambon (Brussels, Belgium). Acetaminophen (Paracetamol Fresenius
Kabi) was purchased from Fresenius Kabi (Homburg, Germany).

Statistical analysis
Statistical analyses were performed using SPSS Statistics 18.0 (Chicago, IL, United
States). Difference testing between groups was performed using the Mann-Whitney U
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Table 1 List and sequence of primers used for qPCR analysis
Real time PCR
CYP2E1

Mouse

GAPDH

Mouse

Forward

5’-AAGCGCTTCGGGCCAG-3’

Reverse

5’ TAGCCATGCAGGACCACGA-3’

Sonde

5’TCACACTGCACCTGGGTCAGAGGC-3’

Forward

Confidential Roche diagnostics

Reverse
Sonde
β-actin

Mouse

Forward

5’-TCCTGAGCGCAAGTACTCTGT-3’

Reverse

5’-CTGATCCACATCTGCTGGAAG-3’

Sonde

5’-ATCGGTGGCTCCATCCTGGC-3’

or Student’s t tests, as appropriate. We assessed mice rates of survival using the
Kaplan-Meier method and compared survival between groups using the log-rank test.
A P value of < 0.05 was considered statistically significant.

RESULTS
Administration of GL, at the same time as APAP, reduced the severity of liver injury
Female C57BL/6J mice treated with overdose of APAP (500 mg/kg) showed evidence
of severe hepatic injury as indicated by significantly increased ALT values (Figure 1A),
necrosis of centrilobular hepatocytes (Figure 1B and F) and GSH depletion (Figure 1C).
Moreover, increased HMGB1 concentrations were observed with a peak 6 h after
APAP administration (Figure 1D). Parallel to this phenomenon, a decrease in the
nuclear staining of HMGB1 in hepatocytes was observed from 6 h after APAP injection
(Figure 1E and F).
Concomitant administration of GL (200 mg/kg) and APAP (500 mg/kg) reduced
the severity of the liver injury, as shown by ALT levels (Figure 2A), AST levels
(Figure 2B), LDH levels (Figure 2C), and hepatocyte necrosis (Figure 2D and E) in mice
sacrificed after 12 hours. In addition, a reduction in HMGB1 concentration was
observed (Figure 2F) as well as maintenance of nuclear HMGB1 immunostaining in
hepatocytes (Figure 2E and G).

Administration of NAC/GL combination, at the same time as APAP, reduced the
severity of liver injury as well as GL or NAC alone
The efficacy of NAC treatment after APAP overdose is well documented in the
literature and we have confirmed these results in our murine model. Indeed, after coadministration of NAC (150 mg/kg) and APAP (500 mg/kg), a significant decrease in
ALT levels (Figure 3A), AST levels (Figure 3B), LDH levels (Figure 3C), and necrosis
score (Figure 3D and E) was observed in mice sacrificed after 12 h. In addition, a
reduction in HMGB1 concentration was observed (Figure 2F) as well as the
maintenance of nuclear HMGB1 immunostaining in hepatocytes (Figure 2E and G).
Co-administration of NAC/GL and APAP was then investigated in the same
murine model (APAP 500 mg/kg; sacrificed after 12 h). As shown in Figure 4,
significant decreases in ALT levels (Figure 4A), AST levels (Figure 4B), LDH levels
(Figure 4C), and centrilobular hepatocytes necrosis (Figure 4D and E) were observed.
In addition, a reduction in HMGB1 concentration was observed (Figure 4F) as well as
the maintenance of nuclear HMGB1 immunostaining in hepatocytes (Figure 4E and G).
The latter results demonstrated that the NAC/GL combination is as effective as NAC
alone when treatment is administered at the same time of APAP.
GSH levels (Figure 5A) and GSH/GSSG ratio (Figure 5B) were also assessed. As
expected, administration of GL did not influence GSH levels, while administration of
NAC restored GSH stores. When mice were given NAC/GL combination, partial
restoration of GSH stores was observed. GSH is known to reduce NAPQI and protect
against oxidative damage. As expected, after an overdose of APAP, we observed an
increase in oxidative stress resulting in a drastic decrease in the GSH/GSSG ratio. This
situation returned to normal after administration of NAC and NAC/GL, as shown by
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Figure 1 Murine model of acetaminophen-induced liver injury: Hepatotoxicity assessment. A: Alanine aminotransferase (ALT) levels were
measured in sera of vehicle-treated mice (0 h) and in sera of mice sacrificed 2, 6, 12 or 24 h after acetaminophen [APAP; 500 mg/kg] administration (5 mice in each
group); B: Liver necrosis was scored in the same groups of mice; C: Hepatic glutathione (GSH) levels were measured at 30 min, 1 and 12 h after APAP challenge.
The enzyme concentration obtained is expressed as nanomoles of enzyme per milligram of protein using bovine serum as a standard; D: High mobility group box 1
(HMGB1) levels were measured in the same groups of mice; E: Quantification of nuclear expression of HMGB1 in the same groups of mice; F: Representative
hematoxylin and eosin (magnification × 200) and HMGB1-stained images (magnification × 200) of murine liver 24 h after vehicle or APAP challenge. Results are
expressed as mean ± standard error. aP < 0.05, bP < 0.01 vs 0. Experiments were reproduced three times. H&E: Hematoxylin and eosin.

the high ratio, whereas GL offered less protection.

Delayed administration of NAC/GL combination reduced APAP-induced hepatocytes
necrosis compare to GL or NAC alone
We explored the effect of delayed administration of GL, NAC or NAC/GL
combination under the same conditions (APAP 500 mg/kg; mice sacrificed after 12 h).
As shown in Figure 6A and B, all treatments (GL, NAC and NAC/GL) administered 2
h or 6 h after APAP administration, resulted in significant decreases in ALT and AST
at similar levels. Regarding the plasma concentration of LDH, NAC and the NAC/GL
combination remained effective at 2 h and 6 h, in contrast to GL which no longer
showed a protective effect at 6 h after APAP administration. Furthermore, in
Figure 6D and E, we observed a decrease in the necrosis score in all treatment groups.
It is interesting to note that when treatment was administered 2 h and 6 h after APAP,
NAC/GL combination was associated with a lower necrosis score than NAC or GL
alone.
Regarding the HMGB1 protein, all treatments (GL, NAC and NAC/GL) given at 2 h
or 6 h after APAP administration decreased HMGB1 concentration (Figure 7A). GL
and NAC/GL combination continued to maintain the nuclear localization of HMGB1
immunostaining in hepatocytes (Figure 7B and C).
The administration of NAC and NAC/GL was still effective in restoring GSH stores
and protecting against oxidative stress, as shown in Figure 8A and B, respectively. On
the other hand, delayed administration of GL, 2 h and 6 h after acetaminophen, was no
longer effective in restoring GSH stores and protecting against oxidative stress.

Delayed administration of NAC/GL combination increased mice survival following
APAP-induced liver injury compared to GL or NAC alone
Survival rates were then analyzed for each treatment using Kaplan-Meier curves. As
shown in Figure 9, administration of NAC/GL combination was associated with
improved survival rates. Indeed, we observed that when treatment (GL, NAC or
NAC/GL) was administered at the same time as APAP, the survival of mice was
significantly increased regardless of the treatment. However, if treatment (GL, NAC or
NAC/GL) was given 2 h after APAP administration, both NAC and NAC/GL
significantly improved survival in mice, but the GL lost its protective effect.
Thereafter, if treatment (GL, NAC or NAC/GL) was administered 6 h after APAP
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Figure 2 Administration of glycyrrhizin at the same time as acetaminophen, reduced the severity of liver injury. A: Alanine aminotransferase
(ALT) levels were measured after 12 h in the plasma of mice treated by vehicle or glycyrrhizin (GL) at the time of acetaminophen (APAP) injection (10 mice in each
group); B: Aspartate aminotransferase (AST) levels were measured after 12 h in the plasma of mice treated by vehicle or GL at the time of APAP injection (10 mice in
each group) C: Lactate dehydrogenase (LDH) levels were measured after 12 h in the plasma of mice treated by vehicle or GL at the time of APAP injection (10 mice
in each group); D: Liver necrosis was scored in the same group of mice; E: Representative hematoxylin and eosin (H&E; magnification × 200) and high mobility group
box 1 (HMGB1)-stained images (magnification × 400) of murine liver 12 h after APAP challenge in the same group of mice; F: HMGB1 levels were measured in the
same group of mice; G: Quantification of nuclear expression of HMGB1 in the same groups of mice. Results are expressed as mean ± standard error. cP < 0.05, dP <
0.01, eP < 0.001 vs APAP. Experiments were reproduced three times.

administration, only the NAC/GL combination showed significant survival efficacy.

Protective effects of the NAC/GL combination do not result from inhibition of
hepatic expression of CYP2E1
Yang et al[22] observed a decrease in CYP2E1 mRNA expression after glycyrrhetinic acid
administration in a murine model of APAP-induced liver injury; these results
suggested the influence of glycyrrhetinic acid, a metabolite of GL, on APAP
metabolism. To exclude this possibility in our murine model, RT-qPCR was performed
on liver extracts. Decreased expression of CYP2E1 was observed over time in mice
after APAP administration, as shown in Figure 10A. However, this decrease is no
longer observed in mice treated with GL, NAC or NAC/GL combination. These
results, consistent with others[23], demonstrated the lack of inhibition of CYP2E1
mRNA expression by the treatments used in our murine model.

DISCUSSION
Since NAC is less efficient for delayed treatment of acetaminophen-induced liver
injury, other therapies need to be explored. One such a drug is GL, the main
biologically active component of licorice. This drug has already shown, in other
diseases, a variety of pharmacological effect resulting from anti-inflammatory and
antioxidant activities. We have previously confirmed the hepatoprotective effect of GL
in a murine model of APAP-induced liver injury and these results have been
replicated in a human hepatocyte cell line[17].
The aim of this study was to compare the potential efficacy of the NAC/GL
combination vs GL or NAC alone. This study is based on the desire to combine an
antioxidant drug that acts on the early phase of acetaminophen toxicity and an antiinflammatory drug that acts on the late phase, after hepatocyte necrosis induced by the
accumulation of the acetaminophen toxic metabolite.
We compared these three additional treatments on the liver injury by analysis of
biochemical and histopathological parameters. At first, we studied the efficacy of each
treatment when administered at the same time of APAP. Regardless of the treatment
administered, an improvement in liver injury was observed. Next, we investigated the
delayed administration of these three treatments. We observed a similar improvement
in ALT, AST and LDH levels. Interestingly, the administration of NAC/GL, 2 h and 6
h after APAP, decreased centrilobular hepatocyte necrosis, in contrast to NAC and GL.

WJH

https://www.wjgnet.com

605

September 27, 2020

Volume 12

Issue 9

Minsart C et al. Translational mouse model of acetaminophen hepatotoxicity

WJH

https://www.wjgnet.com

606

September 27, 2020

Volume 12

Issue 9

Minsart C et al. Translational mouse model of acetaminophen hepatotoxicity

Figure 3 Administration of N-acetylcysteine, at the same time as acetaminophen, reduced the severity of liver injury. A: Alanine
aminotransferase (ALT) levels were measured after 12 h in the plasma of mice treated by vehicle (phosphate-buffered saline; PBS) or N-acetylcysteine (NAC, 150
mg/kg) at the time of acetaminophen (APAP, 500 mg/kg) injection (n = 10); B: Aspartate aminotransferase (AST) levels were measured after 12 h in the plasma of
mice treated by vehicle (PBS) or NAC (150 mg/kg) at the time of APAP (500 mg/kg) injection (n = 10); C: Lactate dehydrogenase (LDH) levels were measured after
12 h in the plasma of mice treated by vehicle (PBS) or NAC (150 mg/kg) at the time of APAP (500 mg/kg) injection (n = 10); D: Liver necrosis was scored in the same
group of mice; E: Representative hematoxylin and eosin (H&E) and high mobility group box 1 (HMGB1)-stained images (magnification × 200) of murine liver 12 h
after APAP challenge in the same group of mice; F: HMGB1 levels were measured in the same group of mice; G: Quantification of nuclear expression of HMGB1 in
the same groups of mice; Results are expressed as mean ± standard error. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP. Experiments were reproduced three times.

Third, we assessed treatment-dependent survival rates. We observed that GL already
lost its efficacy when administered 2 h after APAP and NAC when administered 6 h
after APAP. It is important to note that the survival benefit was only observed in mice
receiving NAC/GL. These observations suggest potential alternative mechanisms for
this survival benefit.
In view of the encouraging results obtained with the NAC/GL combination in the
prevention of APAP-induced liver damage, it was important to examine whether the
properties of each drug were maintained. Therefore, in each experiment we focused on
the HMGB1 protein and the level of GSH. Regardless of when the NAC/GL
combination was injected, the concentration of HMGB1 in the plasma of our mice was
significantly reduced. In addition, we observed the maintenance of the
immunohistochemical staining of the protein in hepatocytes. Knowing the properties
of HMGB1 as a “damage associated molecular pattern” protein, these two
observations confirm in us the idea of a protective effect. The main mechanism of
action of NAC is to promote hepatic GSH synthesis which supports the detoxification
of NAPQI and reduces protein binding[24]. In our model, a complete recovery of
hepatic GSH content was observed when treatment, NAC or NAC/GL, was
administered at the same time of APAP. In addition, hepatic GSSG levels are
decreased compared to APAP alone, as shown by the GSH/GSSG ratio, suggesting the
absence of increasing levels of oxidative stress. When treatment was administered later
than APAP, partial recovery of hepatic GSH levels was observed while the
GSH/GSSG ratio remained similar. Thus, it appears that NAC loses its efficacy in the
synthesis of GSH when administered at later times, when oxidative stress does not
appear to be higher. These results need further explorations.
To our knowledge, this combination was not already tested in mice. Xu et al[25] had
investigated this association in rats, however. They showed no benefit of NAC/GL
combination vs the use of NAC alone in the APAP-induced liver injury. However,
these results are to be interpreted with caution. Indeed, as described in the literature,
rats are defined as resistant to the liver-damaging effects of APAP due to low
mitochondrial dysfunction which prevented oxidative stress[26-28]. This could explain
why this combination works in our murine model.
By browsing the literature, we observed that female mice are described as resistant
to acetaminophen. In order to rule out the possibility of impact of sex on the efficacy of
the NAC/GL combination on paracetamol-induced liver lesions, we confirmed our
results on male mice (Supplementary data).
This study opens a potential new therapeutic pathway in the prevention of
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Figure 4 Administration of N-acetylcysteine/glycyrrhizin combination, at the same time as acetaminophen, reduced the severity of liver
injury as well as glycyrrhizin or N-acetylcysteine alone. A: Alanine aminotransferase (ALT) levels were measured in the plasma of vehicle-treated mice
and mice treated with N-acetylcysteine (NAC, 150 mg/kg), glycyrrhizin (GL, 200 mg/kg) or NAC/GL, 2 h or 6 h after acetaminophen (APAP) injection (10 mice in each
group); B: Aspartate aminotransferase (AST) levels were measured in the plasma of vehicle-treated mice and mice treated with NAC (150 mg/kg), GL (200 mg/kg) or
NAC/GL, 2 h or 6 h after APAP injection (10 mice in each group); C: Lactate dehydrogenase (LDH) levels were measured in the plasma of vehicle-treated mice and
mice treated with NAC (150 mg/kg), GL (200 mg/kg) or NAC/GL, 2 h or 6 h after APAP injection (10 mice in each group); D: Liver necrosis at 12 h after APAP
challenge was scored in the same group of mice; E: Representative hematoxylin and eosin (H&E) and high mobility group box 1 (HMGB1)-stained images
(magnification × 200) of murine liver 12 h after of murine liver 12 h after vehicle or APAP challenge; F: HMGB1 levels were measured in the same group of mice; G:
Quantification of nuclear expression of HMGB1 in the same groups of mice. Mice were scarified 12 h after APAP administration. Results are expressed as mean ±
standard error. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP. Experiments were reproduced three times.

acetaminophen hepatotoxicity.

CONCLUSION
In conclusion, compared to NAC alone, concomitant administration of GL decreased
the liver necrosis score and improved the survival during acetaminophen-induced
liver injury in mice. These results suggest, for the first time, that the combination of an
antioxidant like NAC and an anti-inflammatory drug like GL prevents the liver
damage induced by acetaminophen intoxication.

WJH

https://www.wjgnet.com

609

September 27, 2020

Volume 12

Issue 9

Minsart C et al. Translational mouse model of acetaminophen hepatotoxicity

Figure 5 Acetaminophen overdose induced hepatic glutathione depletion and oxidative stress. A: Hepatic glutathione (GSH) levels were
measured in mice treated with N-acetylcysteine (NAC, 150 mg/kg), glycyrrhizin (GL, 200 mg/kg) or NAC/GL, at the same time of acetaminophen (APAP) injection (10
mice in each group). Mice were scarified 12 h after APAP administration. Assessment was performed using colorimetric assay kit. The enzyme concentration
obtained is expressed as nmol of enzyme per milligram of protein using bovine serum as a standard; B: Glutathione (GSH)/the oxidized state (GSSG) ratio was
evaluated in the same group of mice using fluorometric assay kit. In two separate assay reactions, GSH (reduced) was measured directly with a GSH standard and
total GSH (GSH + GSSG) was measured by using a GSSG standard. Fluorescence measurement was performed at Ex/Em = 490/520 nm. Results are expressed as
mean ± standard deviation. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP.
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Figure 6 Delayed administration of N-acetylcysteine/glycyrrhizin combination reduced acetaminophen-induced hepatocytes necrosis
compare to glycyrrhizin or N-acetylcysteine alone. A: Alanine aminotransferase (ALT) levels were measured in the plasma of vehicle-treated mice and
mice treated with N-acetylcysteine (NAC, 150 mg/kg), glycyrrhizin (GL, 200 mg/kg) or NAC/GL, 2 h or 6 h after acetaminophen (APAP) injection (10 mice in each
group). Mice were scarified 12 h after APAP administration; B: Aspartate aminotransferase (AST) levels were measured in the plasma of vehicle-treated mice and
mice treated with NAC (150 mg/kg), GL (200 mg/kg) or NAC/GL, 2 h or 6 h after APAP injection (10 mice in each group). Mice were scarified 12 h after APAP
administration; C: Lactate dehydrogenase (LDH) levels were measured in the plasma of vehicle-treated mice and mice treated with NAC (150 mg/kg), GL (200 mg/kg)
or NAC/GL, 2 h or 6 h after APAP injection (10 mice in each group). Mice were scarified 12 h after APAP administration; D: Liver necrosis at 12 h after APAP
challenge was scored in the same group of mice; E: Representative hematoxylin and eosin (H&E)–stained images (magnification × 200) of murine liver 12 h after
vehicle or APAP challenge. Results are expressed as mean ± standard deviation. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP. Experiments were reproduced three
times.
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Figure 7 Delayed administration of N-acetylcysteine/glycyrrhizin combination reduced high mobility group box 1 release as well as
glycyrrhizin alone. A: High mobility group box 1 (HMGB1) levels were measured in the plasma of vehicle-treated mice and mice treated with N-acetylcysteine
(NAC, 150 mg/kg), glycyrrhizin (GL, 200 mg/kg) or NAC/GL, 2 h or 6 h after acetaminophen (APAP) injection (10 mice in each group). Mice were scarified 12 h after
APAP administration; B: Quantification of nuclear expression of HMGB1 in the same groups of mice; C: Representative hematoxylin and eosin (H&E) and HMGB1stained images (magnification × 200) of murine liver 12 h after APAP challenge in the same group of mice. Results are expressed as mean ± standard error. cP <
0.05, dP < 0.01, eP < 0.001 vs APAP. Experiments were reproduced three times.

WJH

https://www.wjgnet.com

613

September 27, 2020

Volume 12

Issue 9

Minsart C et al. Translational mouse model of acetaminophen hepatotoxicity

Figure 8 Delayed administration of N-acetylcysteine/glycyrrhizin combination restores partially glutathione stores. A: Hepatic glutathione
(GSH) levels were measured in mice treated with N-acetylcysteine (NAC, 150 mg/kg), glycyrrhizin (GL, 200 mg/kg) or NAC/GL, 2 h or 6 h after acetaminophen
(APAP) injection (10 mice in each group). Mice were scarified 12 h after APAP administration. Assessment was performed using colorimetric assay kit. The enzyme
concentration obtained is expressed as nmol of enzyme per milligram of protein using bovine serum as a standard; B: Glutathione (GSH)/the oxidized state (GSSG)
ratio was evaluated in the same group of mice using fluorometric assay kit. In two separate assay reactions, GSH (reduced) was measured directly with a GSH
standard and total GSH (GSH + GSSG) was measured by using a GSSG standard. Fluorescence measurement was performed at Ex/Em = 490/520 nm. Results are
expressed as mean ± standard error. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP.
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Figure 9 Delayed administration of N-acetylcysteine/glycyrrhizin combination increased mice survival following acetaminophen-induced
liver injury compared to glycyrrhizin or N-acetylcysteine alone. Comparison of cumulative probability mice survival after acetaminophen (APAP)
challenge (10 mice in each group). Mice were treated with glycyrrhizin (GL, 200 mg/kg), N-acetylcysteine (NAC, 150 mg/kg) or by a NAC/GL combination. Treatment
was co-administered with APAP or administered 2 h or 6 h after APAP injection. Mice were followed for 172 h. Mice were euthanized when they became moribund
per the criteria of lack of response to stimuli or lack of righting reflex. Kaplan-Meier survival curves were compared using log-rank test. cP < 0.01, dP < 0.001 vs APAP.
Experiments were reproduced three times.
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Figure 10 Protective effects of the N-acetylcysteine/glycyrrhizin combination do not result from inhibition of hepatic expression of
CYP2E1. A: CYP2E1 mRNA expression was assessed by RT-qPCR in liver extract of vehicle-treated mice and mice sacrificed 2, 6, 12 or 24 h after acetaminophen
(APAP, 500 mg/kg) injection (5 mice in each group); B: CYP2E1 mRNA expression was assessed by RT-qPCR in liver extract of mice treated with glycyrrhizin (GL,
200 mg/kg), N-acetylcysteine (NAC, 150 mg/kg), or NAC/GL, at the same time of APAP (10 mice in each group). Mice were scarified 12 h after APAP administration.
The relative expression of the gene of interest was calculated using the Pfaffi method. cP < 0.05, dP < 0.01, eP < 0.001 vs APAP. Experiments were reproduced three
times.

ARTICLE HIGHLIGHTS
Research background
Acetaminophen overdose is the most frequent cause of drug-induced liver failure in
the developed countries. Despite substantial progress in the understanding of the
mechanism of hepatocellular injury, N-acetylcysteine remains the only effective
treatment if administered within 8 h to 10 h of acetaminophen ingestion. Thus, other
hepatoprotective drugs are needed for the delayed treatment of acetaminopheninduced hepatotoxicity.

Research motivation
Our interest focused on glycyrrhizin for its role as an inhibitor of high mobility group
box 1 protein, a member of the family of damage associated molecular pattern, known
to play important pathological roles in different diseases.

Research objectives
The present study aimed to investigate the efficacy of the N-acetylcysteine/
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glycyrrhizin combination compared to N-acetylcysteine alone in the prevention of
liver toxicity.

Research methods
Eight-week-old C57BL/6J wild-type female mice were used for all our experiments.
Mice fasted for 15 h were treated with acetaminophen (500 mg/kg) or vehicle
(phosphate-buffered saline) by intraperitoneal injection and separated into the
following groups: Glycyrrhizin (200 mg/kg); N-acetylcysteine (150 mg/kg); and Nacetylcysteine/glycyrrhizin. Hepatotoxicity was assessed by biochemical and
histopathological analyses. Survival rates were also compared.

Research results
In C57BL/6J mice, glycyrrhizin administration was shown to reduce the release of
HMGB1 and to significantly decrease the severity of acetaminophen-induced liver
injury. Thus, the co-administration of glycyrrhizin and N-acetylcysteine was
investigated. Administered concomitantly with acetaminophen, the combination
significantly reduced the severity of liver injury. Delayed administration of the
combination of drugs, 2 h or 6 h after acetaminophen, also induced a significant
decrease in hepatocyte necrosis compared to mice treated with N-acetylcysteine alone.
In addition, administration of N-acetylcysteine/glycyrrhizin combination was
associated with an improved survival rate compared to mice treated with only Nacetylcysteine.

Research conclusions
Compared to N-acetylcysteine alone, co-administration of glycyrrhizin decreases the
liver necrosis score and improves survival in our murine model of acetaminopheninduced liver injury.

Research perspectives
Further experiments are needed to better investigate the efficacy of the Nacetylcysteine/glycyrrhizin combination, but these results suggest for the first time
that the combination of an antioxidant like N-acetylcysteine and an anti-inflammatory
drug like glycyrrhizin prevents the liver damage induced by acetaminophen
intoxication.
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Abstract
BACKGROUND
Since its discovery in Wuhan, China in December of 2019, the novel coronavirus
has progressed to become one of the worst pandemics seen in the last 100 years.
Recently, there has been an increased interest in the hepatic manifestations of
coronavirus disease 19 (COVID-19).
AIM
To describe the demographic and clinical characteristics of COVID-19 positive
patients and study the association between transaminitis and all-cause mortality.
METHODS
This is a descriptive retrospective cohort study of 130 consecutive patients with a
positive COVID PCR test admitted between March 16, 2020 to May 14, 2020 at a
tertiary care University-based medical center. The Wilcoxon-rank sum test and
paired t-test were used for comparing non-parametric and parametric continuous
variables respectively and a multivariable logistic regression models to study the
association between transaminitis and mortality using SAS version 9.4 (SAS
Institute, Cary, NC, United States).
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RESULTS
Out of the 130 patients, 73 (56%) patients were found to have transaminitis and 57
(44%) did not. When compared to patients without transaminitis, the
transaminitis group was found to have a higher median body mass index (30.2
kg/m2 vs 27.3 kg/m2, P = 0.04). In the multivariate analysis those with
transaminitis were found to have 3.4 times higher odds of dying as compared to
those without transaminitis adjusting for gender, the Age-adjusted Charlson
Comorbidity Index and admission to the intensive care unit (P = 0.03).
CONCLUSION
Our study showed that transaminitis on admission was associated with severe
clinical outcomes such as admission to the intensive care unit, need for
mechanical ventilation, and mortality.
Key Words: COVID-19; Liver; Mortality; Transaminitis; Liver enzymes; Aspartate
aminotransferase; Alanine aminotransferase
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INTRODUCTION
Since its first description in Wuhan, China in December of 2019, the novel Coronavirus
has progressed to become arguably the worst pandemic seen in the last 100 years[1,2].
The ease of transmissibility of the virus coupled with its penchant for resulting in lifethreatening acute respiratory distress syndrome in certain groups of the population[3]
has resulted in international lockdowns. As of June 20, 2020, 8.3 million cases have
been reported in 213 countries, of which 2 million are present in the United States
alone. While it took two and half months to reach 100000 coronavirus disease 19
(COVID-19) cases in the United States, it only took another 2 mo to reach 100000
COVID19 associated death[4,5].
While it is evident that manifestations are primarily respiratory in nature[6], the
gastrointestinal manifestations of COVID-19 too, have been described as an important
finding and have sparked a great deal of interest among clinicians and researchers
alike. There currently exists a great deal of literature describing the GI manifestations
of COVID-19 and its importance in diagnosis, prognosis and mode of transmission[7-9].
The most commonly described gastrointestinal symptom that has been reported is
diarrhea, which has been reported to be present in 3%-30% of patients testing positive
with COVID-19[7-10]. The presence of viral shedding in stool samples of patients with
evidence that gastrointestinal symptoms may manifest devoid of respiratory
complaints lays the basis for a potential fecal-oral mode of transmission[9,11]. Other
symptoms, such as nausea, vomiting and abdominal pain have also been studied in
great detail and have implications for patient prognosis[12].
More recently, there has been an increased interest in the hepatic manifestations of
COVID-19[13-15]. Studies suggest that transaminases may act as a surrogate marker for
disease severity and a predictor of mortality[15,16]. This may be in part due to the
similarity of the genome between COVID-19 [severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2)] and SARS-CoV[17] or due to the ability of the virus to
bind to the ACE2 receptor[7,18,19] which has now been established to be present in not
only the alimentary canal[9,20], but also in hepatic cholangiocytes[12,21]. This binding
would allow for viral entry and replication within the hepatocytes during the initial
phases.
The clinical impact of the hepatic manifestations of COVID-19 infection has led to
our attempt to describe the association of transaminitis with patient morbidity and
mortality in the Central New York population. This would be the first study in the
United States, outside of New York City to study the effect of the disease on liver
function. The aims of our study are to describe the demographic and clinic
characteristics of hospitalized COVID-19 positive patients and study the association
between transaminitis and all-cause mortality.

MATERIALS AND METHODS
Study design
This is a retrospective cohort study of 130 consecutive patients with a positive COVID
PCR test admitted between March 16, 2020 to May 14, 2020 at a tertiary level
University medical center. The study was approved by SUNY Upstate Institutional
Review Board (IRB). Adult patients ≥ 18 years with a COVID positive PCR test,
admitted to either of the hospitals, were included in the study. Patients who were 90
years and older or those that tested positive but did not get admitted to the hospital
(including patients who only had ED visits) were excluded from the study. All study
participants were followed until discharge or death until May 25, 2020.
A manual review of electronic medical records was done by three authors (Suresh
Kumar VC, Mukherjee S and Harne PS). Data was abstracted into an IRB approved
data collection sheet. An initial screen yielded 340 eligible medical records (Figure 1).
Upon viewing the charts individually using the inclusion and exclusion criteria, a total
of 210 records were excluded (154 patients were not admitted in either hospital, 40
patients did not possess an aspartate aminotransferase/alanine aminotransferase
(AST/ALT) on admission, 16 patients were above the age of 89). A total of 130 patients
were included in the study. Information on co-morbidities was examined and
extracted based on ICD-9 and ICD-10 codes attached to the medical records and was
manually verified for accuracy by one of the authors. Only laboratory and imaging
findings on the initial presentation to the hospital were included in our study. Peak
values or trends were not examined due to the potential for several confounders. All
data were assessed based on the reference ranges of our institution’s laboratory and
was represented in standard units. We defined elevated liver enzymes or transaminitis
as an elevation in ALT and/or AST. In women, the upper limit of normal (ULN) was >
32 IU/L for AST and > 33 IU/L for ALT. In men, the ULN was > 40 IU/L for AST, > 41
IU/L for ALT. Comorbidity was measured using the age-adjusted Charlson
Comorbidity Index (AACI) score which predicts a 10-year survival based on the total
score. The AACI score was based on the weighted sum of a patient’s pre-existing
comorbid conditions and a point was added for every decade of life after age 50[22,23]
(Table 1).

Statistical analysis
We included 130 patients based on the inclusion and exclusion criteria. The Wilcoxonrank sum test and paired t-test were used for comparing non-parametric and
parametric continuous variables respectively. The Chi-square test was used for
comparing categorical variables. We used multivariable logistic regression models to
study the association between transaminitis and death. Further, we used the median
AACI to categorize individuals as having a high or low comorbidity score. A twosided α of 0.05 was used to establish significance. All analyses were performed by a
biomedical statistician (Gupta K) in SAS version 9.4 (SAS Institute, Cary, NC, United
States).

RESULTS
Patient characteristics
A total of 130 adult patients were included in the final analysis. 59 (45.4%) were
females and 71 (54.6%) were males with a median age of 62 years. On average, the
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Table 1 Charlson Co-morbidity index
Co-morbid condition

cCCI weights

uCCI weights

Myocardial infarction

1

0

Congestive heart failure

1

2

Peripheral vascular disease

1

0

Cerebrovascular disease

1

0

Dementia

1

2

Chronic obstructive pulmonary disease

1

1

Connective tissue disorder

1

1

Peptic ulcer disease

1

0

Mild liver disease

1

2

Diabetes without complication

1

0

Diabetes with complication

2

1

Hemiplegia or paraplegia

2

2

Chronic kidney disease stage III

2

1

Any malignancy without metastasis

2

2

Leukemia

2

Lymphoma

2

Moderate or severe liver disease

3

4

Metastatic tumor

6

6

AIDS

6

4

Maximum score

33

24

Adapted from Ternavasio-de la Vega et al[27] (2018). AIDS: Acquired Immune Deficiency Syndrome; cCCI: Classical Charlson Comorbidity Index; uCCI:
Updated Charlson Comorbidity Index.

patients were found to be overweight with a median body mass index of 28.7 kg/m2.
The median AACI was found to be 3.5 indicating that the average 10-year survival was
at least greater than 53% based on the score. 58 patients (44.6%) were admitted to the
intensive care unit and 43 (33.1%) required ventilator support. Of 102 (78.5%) patients
were discharged from the hospital, 28 (21.5%) died with a follow-up rate of 100%.
The median enzymes were ALT-29 IU/L, AST-39 IU/L, alkaline phosphatase
(ALP)-77 IU/L, total bilirubin-0.4 mg/dL and direct bilirubin-0.2 mg/dL (n = 92).
Although 46 (35.4%) patients were on medications such as that could impact liver
function such as acetaminophen, statins etc., all 130 patients had baseline AST, ALT
and ALP values that were within the ULN prior to this hospitalization indicating that
the medications were not a confounding factor. For gastrointestinal (GI) symptoms, 34
(26.2%) had diarrhea, 34 (26.2%) had anorexia, 32 (24.6%) had nausea, 21 (16.2%) had
abdominal pain and 37 (28.5%) had other GI symptoms such as loss of taste, vomiting,
constipation, dysphagia, and reflux. The baseline clinical characteristics of the study
population are summarized in Table 2.
Of 73 (56%) patients were found to have transaminitis and 57 (44%) did not have
transaminitis. There was no significant difference in age or gender between the
groups. When compared to patients without transaminitis, the transaminitis group
was found to have a higher median body mass index (BMI) (30.2 kg/m2 vs 27.3 kg/m2,
P = 0.04). They had a higher median ALT (48 IU/L vs 15 IU/L, P < 0.001), AST (66
IU/L vs 20 IU/L, P < 0.001), ALP (97 IU/L vs 70 IU/L, P < 0.001). The patients with
transaminitis also had significantly lower albumin (3.0 g/dL vs 3.4 g/dL, P = 0.01).
Patients with transaminitis had more chest X-ray findings such as ground glass
opacities and bilateral infiltrates (75.3% vs 56.1%, P = 0.02). They had a higher rate of
intensive care unit (ICU) admission (53.4% vs 33.3%, P = 0.02) and higher rate of need
for ventilator support (42.5% vs 21.1%, P = 0.02). The difference between the two
groups are shown in Table 3.
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Table 2 Demographic and baseline characteristics of the study population
Variable

Study population (n = 130)

Age, yr, median (IQR)

62 (48, 73)

Females

59 (45.4)

Body mass index, kg/m2, median (IQR)

28.7 (26, 36)

Smoking

38 (29.2)

Alcohol

30 (23.1)

Diarrhea

34 (26.2)

Nausea

32 (24.6)

Abdominal pain

21 (16.2)

Anorexia

34 (26.2)

Other gastro-intestinal symptoms
X-ray findings

1

37 (28.5)

2

87 (66.9)

Hypertension

69 (53.1)

Admitted to ICU

58 (44.6)

On ventilator

43 (33.1)

Age-adjusted Charlson Index, median (IQR)

3.5 (1, 6)

On medications with gastro-intestinal side-effects

46 (35.4)

Death

28 (21.5)

Lactic Acid, mean (SD), n = 97

1.7 (1.4)

Lactic acid dehydrogenase, mean (SD), n = 92

424 (182.6)

D-dimer, median (IQR), n = 105

1.7 (0.9, 3.7)

Alanine aminotransferase, IU/L, median (IQR)

29 (16, 53)

Aspartate aminotransferase, IU/L, median (IQR)

39 (23, 68)

Alkaline phosphatase, IU/L, median (IQR)

77 (60, 115)

Total bilirubin, mean (SD)

0.4 (0.3)

Direct bilirubin, mean (SD), n = 92

0.2 (0.1)

Albumin, g/dL, mean (SD)

3.2 (0.8)

Prothrombin time, seconds, mean (SD), n = 81

16.9 (8.1)

1

Other gastro-intestinal symptoms include loss of taste or smell, constipation, dysphagia, reflux and vomiting.
X-ray findings including ground glass opacities and bilateral infiltrate. All values are reported as n (%), mean (SD) or median (25th, 75th). P value: Chisquare test for categorical variables, two-sided t-test for parametric continuous variables and Wilcoxon rank-sum test for nonparametric continuous
variables. ICU: Intensive care unit; IQR: Interquartile range.
2

In the univariate analysis to study the association between death and presence of
transaminitis, those with transaminitis had 2.9 times higher odds of dying as
compared to those without transaminitis (P = 0.03). This association remained
significant after adjusting for confounders (Table 4). In the multivariate analysis those
with transaminitis were found to have 3.4 times higher odds of dying as compared to
those without transaminitis adjusting for gender, the AACI and admission to the ICU.
An AACI score above the median value of 3.5 (OR = 2.9, 95%CI: 3.5-48.4) and
admission to the ICU (OR = 3.6, 95%CI: 1.2-10.4) were significantly associated with the
outcome in the final model.

DISCUSSION
Hepatic manifestations (such as transaminitis, bilirubin elevations, hypoalbuminemia,

WJH

https://www.wjgnet.com

623

September 27, 2020

Volume 12

Issue 9

Suresh Kumar VC et al. Transaminitis is an indicator of mortality in patients with COVID-19

Table 3 Characteristics of those with and without transaminitis
Transaminitis (n = 73)

No transaminitis (n = 57)

P value

Age, yr, median (IQR)

63 (48, 72)

62 (48, 76)

0.9

Females

31 (42.5)

28 (49.1)

0.4

Body mass index, kg/m2, median (IQR)

30.2 (26.5, 36.8)

27.3 (24.5, 33.2)

0.04

Smoking

19 (26)

19 (33.3)

0.4

Alcohol

20 (27.4)

10 (17.5)

0.2

Diarrhea

24 (32.9)

10 (17.5)

0.05

Nausea

18 (24.7)

14 (24.6)

1.0

Abdominal pain

11 (15.1)

10 (17.5)

0.7

19 (26)

15 (26.3)

1.0

19 (26)

18 (31.6)

0.5

55 (75.3)

32 (56.1)

0.02

Hypertension

38 (52.1)

31 (54.4)

0.8

Age-adjusted Charlson Index, median (IQR)

3 (1, 6)

4 (1, 6)

0.7

On ventilator

31 (42.5)

12 (21.1)

0.01

Admitted to intensive care unit

39 (53.4)

19 (33.3)

0.02

On medications with GI side-effects

26 (35.6)

20 (35.1)

1.0

Alanine aminotransferase, IU/L, median (IQR) 48 (34, 84)

15 (10, 20)

< 0.001

Aspartate aminotransferase, IU/L, median
(IQR)

66 (42, 100)

20 (14, 26)

< 0.001

Alkaline phosphatase, IU/L, median (IQR)

97 (66, 124)

70 (56, 92)

< 0.001

Total bilirubin, mean (SD)

0.6 (0.3)

0.4 (0.2)

< 0.001

Albumin, g/dL, mean (SD)

3.0 (0.8)

3.4 (0.7)

0.01

Anorexia
Other gastro-intestinal symptoms
X-ray findings

1

2

1

Other gastro-intestinal symptoms include loss of taste or smell, constipation, dysphagia, reflux and vomiting.
X-ray findings including ground glass opacities and bilateral infiltrate. All values are reported as n (%), mean (SD) or median (25th, 75th). P value: Chisquare test for categorical variables, two-sided t-test for parametric continuous variables and Wilcoxon rank-sum test for nonparametric continuous
variables. IQR: Interquartile range; GI: Gastrointestinal.
2

Table 4 Multivariable logistic model for death in patients with and without transaminitis
Model 1

Variable

Model 2

Model 3

OR (95%CI)

P value

OR (95%CI)

P value

OR (95%CI)

P value

Transaminitis

2.9 (1.1-7.4)

0.03

3.1 (1.2-8.0)

0.02

3.4 (1.2-10.1)

0.03

Gender, reference females

-

0.5 (0.2-1.2)

0.5 (0.2-1.4)

AACI above median score of 3.5

-

-

12.9 (3.5-48.4)

Admission to intensive care unit -

-

3.6 (1.2-10.4)

Model 1 is unadjusted. Model 2 is adjusted for gender. Model 3 is adjusted for gender, age adjusted-Charlson Index and admission to the intensive care
unit. AACI: Age adjusted-Charlson Index; OR: Odds ratio; CI: Confidence interval.

etc.) resulting in an overall disturbance in homeostasis is garnering attention as a
clinically significant consequence of COVID-19 infection. We defined transaminitis as
elevations of either AST or ALT more than the ULN. In our retrospective cohort study
of 130 patients, we found that patients with transaminase elevation had an overall 2.9times higher odds of dying as compared to those who did not. Additionally, it was
seen that transaminase elevation was more likely to be seen in patients who were
admitted to the ICU and required mechanical ventilation. This potentially reveals the
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Figure 1 Patient selection flow diagram. COVID: Coronavirus 19; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

role of transaminase elevation as a prognostic marker for patients infected with the
SARS-CoV-2 virus. This finding was in concert with the studies suggesting a higher
risk of ICU admission, mechanical ventilation, and deaths in patients with evidence of
transaminitis on admission[8,15].
The mechanism of liver injury in COVID-19 infection is largely unknown. The
expression of the ACE2 receptor not only on the alimentary canal but also on the
hepatic cholangiocytes and biliary epithelial cells seems to be implicated in viral entry
and replication. The consequent liver injury is thought to be due to the insults
mediated by direct viral effects and the host’s immune response[7,12,18,19,21,24]. A mixed
hepatocellular pattern of liver injury was observed in our patients with a statistically
significant elevation of total bilirubin levels in the patients with transaminitis,
consistent with impaired clearance and cholestasis which would be expected with the
expression of ACE2 receptor on biliary epithelia.
Emerging data on hypoalbuminemia and thrombosis points towards the impaired
synthetic function of the liver in patients with COVID-19 infection[25]. In our study,
patients with transaminitis had a greater degree of hypoalbuminemia, which was
similar to the study conducted by Phipps et al[15].
Obese patients have a higher level of free fatty acids which puts them at risk of
transaminitis. The BMI of a patient has been an independent predictor of
hospitalization and severity of COVID-19 infection as outlined by Stefan et al[26] in their
review. Our study showed that patients with transaminitis (with normal baseline
transaminases) were more likely to have a higher BMI than those without
transaminitis. Our patients in the transaminitis arm had a larger incidence of groundglass opacities on chest X-rays as compared to the non-transaminitis arm, which was
another indicator of the severity of this disease.
The existing literature points towards diarrhea as the most common GI complaint in
COVID-19 patients[6,7,9,10]. Although not statistically significant, diarrhea seemed to be
more common in patients with transaminitis than those without (P = 0.05), however,
further studies are required to substantiate an association.

Strengths and limitations
Our study is the first study to our knowledge outside of New York City in the United
States focusing on establishing an association between transaminitis and various
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patient demographic and clinical characteristics as well as morbidity and mortality
parameters in patients with COVID-19 infection. We had a follow-up rate of 98.5%
which helped minimize attrition. We attempted to minimize confounding by using
initial lab values on presentation rather than trends or peaks.
However, the study was not without limitations. The sample size was relatively
small as compared to already published data on the subject. A comparison group of
non-COVID19 patients would have helped minimize bias further. Finally, since the
data is from admitted patients in two hospitals, it might not be generalizable to the
general population especially with asymptomatic or mild disease.

CONCLUSION
In this study, transaminitis on admission was associated with severe clinical outcomes.
Its potential role as a prognostic marker for hospitalized patients with COVID-19
infection is highlighted here.

ARTICLE HIGHLIGHTS
Research background
Since its discovery in Wuhan, China in December of 2019, the novel coronavirus has
progressed to become one of the worst pandemics seen in the last 100 years. Recently,
there has been an increased interest in the hepatic manifestations of coronavirus
disease 19 (COVID-19).

Research motivation
To understand if transaminitis was an indicator of severity of the disease in patients
with COVID-19.

Research objectives
Describe the demographic and clinical characteristics of COVID-19 positive patients
and study the association between transaminitis and all-cause mortality.

Research methods
This is a retrospective cohort study of 130 consecutive patients with a positive COVID
PCR test admitted between March 16, 2020 to May 14, 2020 at a tertiary care
University-based medical center.

Research results
Transaminitis on admission was associated with severe clinical outcomes such as
admission to the intensive care unit, need for mechanical ventilation, and mortality.

Research conclusions
There is a potential role of transaminase elevation as a prognostic marker for
hospitalized patients with COVID-19 infection.

Research perspectives
This brings into perspective the need for careful assessment for transaminitis on
presentation in a patient with COVID-19 as this is shown to be an indicator for
mortality in this study.
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Abstract
BACKGROUND
Recurrent hepatitis C virus (HCV) infection of transplanted liver allografts is
universal in patients with detectable HCV viremia at the time of transplantation.
Direct-acting antiviral (DAA) therapy has been adopted as the standard of care for
recurrent HCV infection in the post-transplant setting. However, there are
insufficient data regarding its efficacy in liver transplant (LT) recipients with a
history of hepatocellular carcinoma (HCC), and the risk of HCC recurrence after
DAA therapy is unknown.
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AIM
To demonstrate predictors of DAA treatment failure and HCC recurrence in LT
recipients.
METHODS
A total of 106 LT recipients given DAAs for recurrent HCV infection from 2015 to
2019 were identified (68 with and 38 without HCC). Descriptive statistics and
logistic regression models were used to estimate the multivariate odds ratios and
respective 95% confidence intervals for predictors of treatment failure and HCC
recurrence.
RESULTS
Six patients (6%) experienced DAA therapy failure post-LT and 100 (94%) had a
sustained virologic response at follow-up week 12. A high alanine transaminase
level > 35 U/L at treatment week 4 was a significant predictor of treatment
failure. Relapse to pre-LT DAA therapy is a predictor of post-LT HCC recurrence,
P = 0.04. DAA relapse post-LT was also associated with post-transplantation HCC
recurrence, P = 0.05.
CONCLUSION
DAAs are effective and safe in the treatment of recurrent HCV infection in LT
recipients with history of HCC. Relapse to pre- and post-LT DAA therapy is
associated with post-transplantation HCC recurrence.
Key Words: Direct-acting antiviral; Liver transplant; Hepatocellular carcinoma; Recurrence
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: Our study is the first to find an association between direct-acting antiviral relapse
and hepatocellular carcinoma (HCC) recurrence in patients with past history of HCC pretransplant. Also, our study is the first to highlight high sustained virologic response in
patients with past history of HCC after liver transplantation which is similar to patients
without past history of HCC as we removed the tumor-harboring liver.
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INTRODUCTION
Hepatitis C virus (HCV) infection is the leading indication for liver transplantation[1].
Recurrent HCV infection of transplanted liver allografts is universal in patients with
detectable HCV viremia at the time of transplantation[2]. Evidence of recurrent HCV
infection of an allograft occurs as early as 4 wk after transplantation, with
development of hepatitis within 6-12 mo in 70%-90% of HCV-infected liver transplant
(LT) recipients[3,4]. Furthermore, allograft cirrhosis with a poor outcome occurs within 5
years after transplantation in 20%-30% of these patients[5].
Direct-acting antiviral (DAA) therapy has been adopted as the standard of care for
recurrent HCV infection after transplantation[6]. Patients with sustained virologic
responses to antiviral therapy may experience fibrosis regression and reduced
mortality rates[7,8]. In pre-transplant studies, there are conflicting data regarding the
impact of DAA treatment on de-novo or recurrent hepatocellular carcinoma (HCC) in
HCV-infected patients[9-12].
Researchers have investigated the safety and efficacy of DAA treatment in LT
recipients[13-15]. However, the efficacy in LT recipients with a history of HCC has not
been investigated. Moreover, there are no data regarding HCC recurrence in LT
recipients following DAA therapy, especially patients who experienced treatment
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failure. Little is known about predictors of DAA treatment response after LT for HCC.
Therefore, we performed this study to (1) Highlight the efficacy and safety of DAA
therapy in LT recipients with HCV infections and history of HCC; and (2) Investigate
the impact of DAA use on post-transplantation HCC recurrence.

MATERIALS AND METHODS
Study design
A total of 106 LT recipients given DAAs for recurrent HCV infection from January 1,
2015, to March 1, 2019, at Baylor College of Medicine were retrospectively identified.
Criteria for study inclusion were (1) Age of 18 years or older; (2) History of liver
transplantation; (3) Positive anti-HCV and HCV ribonucleic acid prior to and after
transplantation; and (4) Treatment with an oral DAA regimen with or without
ribavirin. We excluded (1) Patients with active hepatitis B virus (HBV) infection
evident by positive hepatitis B surface antigens or HBV deoxyribonucleic acid; (2)
Patients with human immunodeficiency virus infection; and (3) Any other metabolic,
viral or genetic causes of chronic liver disease. Patients were classified into two
groups: Those with pre-transplantation HCC (PHCC; n = 68) and those without pretransplantation HCC (PnHCC; n = 38). The initiation of DAA treatment and the
regimen type and duration were determined by the treating transplant hepatologists.
Demographic and clinical information for each participant were documented and
stored in a secure database under a Baylor College of Medicine Institutional Review
Board-approved protocol. All patients gave written informed consent for data
collection prior to their LTs.

Patient information
Clinical data: The collected information included the following baseline
characteristics: Age, sex, ethnicity, body mass index (BMI), medical history (comorbid
conditions, stage of liver disease), adverse events, baseline (at time of DAA initiation)
and on-treatment laboratory values obtained every 4 wk, including HCV ribonucleic
acid levels, until the end of treatment (EOT) and at follow-up visits. BMI was
calculated at treatment initiation, the EOT, and the last follow-up visit (normal BMI, <
25 kg/m2; overweight, 25-30 kg/m2; obese, > 30 kg/m2).
Laboratory data: The following laboratory test results were analyzed: Anti-HCV and
HCV ribonucleic acid levels; HCV genotypes; Hepatitis B surface antigens; Antihepatitis B surface antibodies; Hepatitis B core antibodies; Anti-human
immunodeficiency virus antibodies; Epstein-Barr virus, cyotmegalovirus, iron studies,
ceruloplasmin, auto-antibodies, serum albumin, alkaline phosphatase, creatinine,
sodium, alanine aminotransferase, and total bilirubin levels; Prothrombin time and
international normalized ratio; Hemoglobin levels; and Platelet counts. Test results
were analyzed to exclude other viral, metabolic, autoimmune causes of liver disease.
Estimated glomerular filtration rates were calculated using the Modification of Diet in
Renal Disease equation. The model for end-stage liver disease-sodium score was
calculated using serum bilirubin, creatinine, and sodium levels and the international
normalized ratio.
Clinical efficacy: Treatment efficacy was demonstrated by sustained virologic
response at follow-up week 12, defined as an undetectable HCV ribonucleic acid level
in the blood at week 12 after the EOT. Accordingly, patients were classified as having
DAA responses or failures.
Clinical safety: Adverse events were defined as any events that required an HCV
medication dose reduction or treatment discontinuation or the addition of a
concomitant medication for management. Events of special interest in this study were
HCC recurrence, HBV reactivation and acute allograft rejection.

Statistical Analysis
Stata software (Stata Corp, College Station, TX, United States) was used for statistical
analysis. Descriptive statistics were employed, with Student t-test and Mann-WhitneyWilcoxon test statistics used to assess the significance of mean and median differences
in continuous variables between study groups. The Pearson χ2 or Fisher exact test was
used to test for differences in the distribution of categorical data between groups. To
adjust for the small sample size, multivariate exact unconditional logistic regression
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analyses were performed. For each risk factor, the adjusted odds ratios and respective
95% confidence intervals were calculated. All odds ratios were adjusted for age, sex,
and significant factors from univariate analysis. P value less than 0.05 was defined as
significant.

RESULTS
Baseline patient characteristics
Most patients in the PHCC and PnHCC groups were male and white (Table 1). The
patients with PHCC were significantly older (P = 0.01), with a significantly more
extensive past history of smoking than the patients with PnHCC (P < 0.01). Baseline
comorbidities and cirrhosis were similar in both groups. However, diabetes mellitus
was significantly higher in the PHCC group (P < 0.01).
HCV genotypes 1a and 1b were present in 50%, and 21% of the PHCC patients,
respectively, and 66% and 21% of the PnHCC patients, respectively (P = 0.1). Although
not statistically significant, more PHCC patients had HCV genotype 3a than PnHCC
patients (22% vs 11%; P = 0.1). The mean ± SD BMIs at DAA treatment initiation were
comparable in the PHCC and PnHCC patients (28.5 ± 4.5 kg/m2 vs 27.9 ± 5.5 kg/m2; P
= 0.6).
Pre-transplant relapse rate to antiviral treatment was higher in the PHCC patients
than in the PnHCC patients (34% vs 16%; P = 0.06). Although there was no statistically
significant difference, more PHCC patients received HCV- or anti-HBc-positive
allografts than PnHCC patients [6% vs 0% (P = 0.3) and 15% vs 3% (P = 0.09),
respectively].
Table 1 shows significant variations in the mean and median laboratory and clinical
values between the two groups. Baseline (at time of DAA initiation) laboratory values
were similar in the PHCC and PnHCC patients except for the serum creatinine level,
estimated glomerular filtration rate, and the model for end-stage liver disease-sodium
score, which were markedly lower in the PHCC patients (Table 1).

Clinical efficacy
The median time from liver transplantation to DAA treatment initiation in the entire
cohort was 34 mo (range, 1-331 mo), and the median follow-up duration after DAA
treatment completion was 20 mo (range, 3-46 mo). The median time from liver
transplantation to DAA treatment initiation in the PHCC patients was 28 mo (range, 1171 mo) which is significantly shorter than in the PnHCC patients, 91.5 mo (range, 2.0331.0 mo) (P < 0.0001). One hundred patients (94%) experienced sustained virologic
response at follow-up week 12 (SVR12) (DAA response), whereas 6 patients (6%) did
not (DAA failure). The median times from transplantation to DAA therapy initiation
were 32.5 mo (range, 1.0-331.0 mo) in the DAA response group and 54.5 mo (range,
8.0-148.0 mo) in those who had DAA failure (P = 0.7).
All patients who did not experience SVR12 were non-cirrhotic. Two patients had
relapses at follow-up week 12, three patients did so at follow-up week 4, and one
patient suffered viral breakthrough at treatment week 12.
In the DAA response group, the rates of concordance between SVR12 and SVR at
follow-up week 24, and between SVR12 and quantitative HCV polymerase chain
reaction at the last follow-up visit were both 100%, as no patients had relapses after
experiencing SVR12.
Figure 1 shows the numbers of patients who had responses to and failures of the 16
DAA regimens used in this study. We observed no significant variations in the
treatment distribution between the PHCC and PnHCC groups (P = 0.3). The six
patients who had DAA failures received five DAA regimens: (1) Sofosbuvir
(SOF)/velpatasvir /voxilaprevir plus ribavirin (RBV) for 12 wk (n = 2); (2) SOF,
daclatasvir, and RBV for 24 wk (n = 1); (3) SOF/ledipasvir for 24 wk (n = 1); (4)
SOF/simeprevir for 12 wk (n = 1); and (5) Glecaprevir /pibrentasvir for 12 wk (n = 1).
Table 2 lists the univariate and multivariate odds ratios (ORs) and 95% confidence
interval (CI) for potential predictors of post-LT DAA therapy failure. Univariate
analysis showed a significant risk of failure (P < 0.05) in patients with HCV-positive
allografts; HCV genotype 3a; high alanine aminotransferase (ALT) level > 35 U/L and
or quantitative HCV polymerase chain reaction > 15 IU/mL at treatment week 4.
However, multivariate analysis after adjustment for these predictors demonstrated a
high ALT level > 35 U/L at treatment week 4 was significantly associated with DAA
therapy failure (P = 0.04) after adjustment for the confounding effect of the significant
factors described above. Pre-transplant relapse to DAA treatment and history of pre-
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Table 1 Characteristics of the study population according to pre-transplantation hepatocellular carcinoma status
Number (%)
Characteristic

Non-HCC (n = 38)

HCC (n = 68)

P value

mean (± SD) age at treatment initiation, years

58.2 ± 11.1

62.2 ± 5.9

0.01

Median age at treatment initiation, yr (range)

62 (28-74)

62.5 (47.0-78.0)

0.2

Male

25 (66)

50 (74)

0.5

Female

13 (34)

18 (26)

White

19 (50)

37 (54)

Black

11 (29)

11 (16)

Hispanic

6 (16)

17 (25)

Asian

2 (5)

3 (4)

mean (± SD) baseline BMI

27.9 ± 5.5

28.5 ± 4.5

0.6

Median baseline BMI, (range)

27.0 (21.0-48.5)

28.5 (17.0-46.0)

0.3

Alcohol drinking

11 (29)

32 (47)

0.08

Cigarette smoking

18 (47)

51 (75)

0.01

Diabetes Mellitus

20 (53)

53 (78)

0.01

CKD

20 (53)

23 (34)

0.06

eGFR < 30 mL/min/1.73 m2

7 (18)

2 (3)

0.01

Cirrhosis

5 (15)

4 (8)

0.5

HCV-positive allograft

0

4 (6)

0.3

Anti-HBc-positive allograft

1 (3)

10 (15)

0.09

Pre-transplant relapse to antiviral treatment

6 (16)

23 (34)

0.06

mean (± SD) time from LT to DAA initiation, mo

99.3 ± 79.7

39.4 ± 40.5

0.0001

Median time from LT to DAA initiation, months (range)

91.5 (2.0-331.0)

28 (1-171)

0.0001

mean (± SD) creatinine level, mg/dL

1.9 ± 1.9

1.2 ± 0.8

0.08

Median creatinine level, mg/dL (range)

1.2 (0.7-8.7)

1.0 (0.7-7.0)

0.01

mean (± SD) AFP level, ng/mL

10.2 ± 30.5

6.8 ± 12.8

0.5

Median AFP level, ng/mL (range)

3.2 (2.0-149.0)

3.1 (1.3-88.0)

0.5

mean (± SD) MELD-Na score

13 ± 5

10 ± 4

0.01

Median MELD-Na score (range)

13 (6-24)

9 (6-24)

0.01

Relapse at follow-up week 12

1 (3)

5 (7)

0.4

SVR12

37 (97)

63 (93)

0.4

HCC recurrence after DAA treatment

0

6 (9)

0.08

Demographics

0.4

Epidemiologic characteristics

Baseline co-morbidities

Baseline laboratory values

Clinical outcomes

HCC: Hepatocellular carcinoma; SD: Standard deviation; BMI: Body mass index; CKD: Chronic kidney disease; HCV: Hepatitis C virus; HBc: Hepatitis B
core; LT: Liver transplant; DAA: Direct-acting antiviral; AFP: Alpha-fetoprotein; SVR: Sustained virologic response.
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transplant HCC did not impact SVR12 rates in patients treated with DAA post-LT.
We observed normalization of ALT levels ≤ 35 U/L at treatment week 4 in 85% of
the patients (Figure 2 and Table 3). Moreover, the mean platelet count in all patients
improved significantly over the follow-up period with a mean difference of -36 (-47.9
to -6), P < 0.001 (Figure 3 and Table 4).

HCC recurrence after DAA treatment
In the PHCC group, six patients (9%) experienced HCC recurrence after DAA
treatment initiation. The median time from DAA therapy initiation to HCC recurrence
was 8.5 mo (range, 1.0-29.0 mo).
The demographic characteristics, HCC risk factors, and clinical features were similar
in the patients who had HCC recurrences after DAA treatment (n = 6) and those who
did not (n = 62), demonstrating a lack of a significant impact of these factors on
prediction of recurrence after the treatment (Table 5). Of the patients who experienced
HCC recurrence after DAA treatment, 5 patients (83%) had relapses to pre-transplant
DAA treatment, suggesting pre-transplant relapse is a predictor of post-transplant
HCC recurrence. The estimated adjusted OR was 14.9 (95%CI: 1.1-219.3).
In addition, we identified relapse to the post-transplantation DAA therapy as a
potential predictor of HCC recurrence (P = 0.05), with a 10-fold greater risk of
recurrence in patients who had treatment failures than in responders. The estimated
adjusted OR was 10.6 (95%CI: 1.0-121.6) (Table 5).

RBV-containing regimens
We also categorized patients into two groups according to use of RBV (Table 6).
Demographic characteristics and baseline laboratory values were similar for patients
given DAA therapy with and without RBV except for the serum creatinine and
hemoglobin levels, the model for end-stage liver disease-sodium score, estimated
glomerular filtration rate, and presence of chronic kidney disease.
Patients who received DAA regimens with and without RBV had similar SVR12
rates (95.5% vs 92.1%; P = 0.7).

BMI and DAA therapy
A high baseline BMI (≥ 25 kg/m2) did not have a more significant impact on SVR12 or
HCC recurrence after DAA treatment than a low BMI (< 25 kg/m2) (Tables 2 and 5).
However, among those with PHCC, weight loss by the end of DAA treatment was a
significant predictor of HCC recurrence (P = 0.03).

Safety and tolerability
Only one patient in the PnHCC group had to discontinue DAA treatment SOF/
ledipasvir at 16 weeks due to adverse events, which consisted of significant fatigue
and headache, but achieved SVR12. However, of the patients receiving RBVcontaining DAA regimens, 26 (38%) needed RBV discontinuation or dose modification
due to adverse events, including anemia, fatigue, nausea, and elevated serum
creatinine level.
No patients experienced decompensation during or after DAA treatment until the
last follow-up visit. Also, none of anti-HBc-positive patients (30%) experienced HBV
reactivation during or after DAA therapy until the last follow-up visit.
Physicians administered tacrolimus-containing regimens to 83% of the patients
during DAA therapy. We found no significant changes in immunosuppressive drug
dosages or levels during DAA treatment. Five patients (5%) experienced mild acute
rejection episodes within a median time of 11 mo (range, 5-28 mo) after DAA
treatment completion, all of whom experienced SVR12 and rejection episodes were
controlled.

DISCUSSION
The present study is the first to demonstrate that pre-transplant relapse to DAA
therapy is a significant predictor of post-transplant HCC recurrence. Post-LT DAA
therapy relapse is also associated with HCC recurrence in LT recipients. High ALT
level > 35 U/L at treatment week 4 is a predictor of DAA treatment failure.
All oral DAA treatments were recently adopted as the standard of care for treatment
of recurrent HCV infection in LT recipients. However, contradictory data regarding
the increased risk of HCC recurrence in pre-transplant patients after DAA therapy,
and HCC influence on DAA SVR rates may affect the decision to treat unique
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Table 2 Risk factors for post-liver transplant direct-acting antiviral therapy response (Logistic regression analysis)
Variable

Number of DAA therapy
responses/failures (n = 100/6)

Univariate OR
(95%CI)

P value

Age > 60 yr

60/4

1.3 (0.2-15.4)

0.8

Male

70/5

2.1 (0.2-104.7)

0.9

Baseline BMI (≥ 25 kg/m2)

76/5

1.6 (0.2-77.7)

0.9

Alcohol drinking

39/4

3.1 (0.4-35.7)

0.4

Cigarette smoking

64/5

2.8 (0.3-136.6)

0.6

Diabetes Mellitus

70/3

0.4 (0.1-3.4)

0.5

CKD

42/1

0.30 (0.01-2.60)

0.4

Cirrhosis

9/0

-

Pre-LT relapse to DAA

25/4

5.9 (0.8-68.7)

0.09

Anti-HBc-positive allograft

9/2

4.9 (0.4-40.4)

0.2

HCV-positive allograft

2/2

22.0 (1.3-381.3)

HCV genotype 3a

15/4

Presence of HCC before LT

Multivariate OR
(95%CI)

P value

0.02

3.2 (0.1-856.8)

0.8

10.9 (1.4-130.9)

0.03

1.40 (0.02-89.10)

0.9

63/5

2.9 (0.3-142.6)

0.6

Rejection during/after DAA
therapy

5/0

-

-

ALT level at treatment week 4 (>
35 IU/L)

16/4

1.02 (1.00-1.05)

0.001

1.04 (1.00-1.10)

0.04

Quantitative HCV PCR at
treatment week 4 (> 15 IU/mL)

8/3

10.9 (1.3-96.4)

0.01

3.6 (0.1-172.3)

0.5

HCC: Hepatocellular carcinoma; BMI: Body mass index; CKD: Chronic kidney disease; DAA: Direct-acting antiviral; HCV: Hepatitis C virus; OR: Odds
ratio; CI: Confidence interval; ALT: Alanine aminotransferase; LT: Liver transplant; HBc: Hepatitis B core; PCR: Polymerase chain reaction.

Table 3 mean (± SD) alanine aminotransferase levels in patients who had direct-acting antiviral therapy responses and failure (baseline,
week 4, week 8, and week 12)
SVR12
Achievement

Baseline ALT, ALT at treatment week 4, mean ALT at treatment week 8, mean ALT at treatment week 12, mean
mean (± SD)
(± SD)
(± SD)
(± SD)

Responders

80.67 (± 102.447)

25.21 (± 20.416)

19.78 (± 11.651)

20.21 (± 10.994)

Failures

133.00
(±103.057)

61.17 (± 71.337)

54.50 (± 63.385)

56.83 (± 43.938)

P values

0.2

0.001

0.0001

0.0001

ALT: Alanine aminotransferase.

populations of patients as LT recipients with past histories of HCC.
There is increasing evidence of interaction between DAA therapy and HCC in the
recent literature. Patients with HCC tend to have low rates of SVR12, whereas those
who do not experience SVR12 have increased risk of HCC[16-18]. In an editorial,
Hollande and Pol[19] recommended intensive surveillance for HCC in patients who had
DAA therapy failure. Yet researchers did not investigate these findings in LT
recipients with PHCC[17]. Consistently, we observed high risk of HCC recurrence in LT
recipients who had DAA treatment failure. However, history of pre-transplant HCC
did not impact SVR12 rates in patients treated with DAA post-LT as we removed
tumor-affected livers.
LT recipients may be a reliable population to study the interaction between DAAs
and HCC, especially in those with a failed DAA therapy after transplantation. This is
driven by two factors. First, LT recipients have the benefit of receiving non-cirrhotic
liver allografts with low prevalence of non-characterized nodules, which investigators
have pointed to as the cause of de-novo and recurrent HCC in patients undergoing
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Table 4 mean (± SD) platelet counts in patients who had direct-acting antiviral therapy responses and failure (baseline, week 4, week 8,
and week 12)
Baseline
PLT,
mean (± SD)

SVR12
Achievement

PLT at treatment week 4, mean
(± SD)

PLT at treatment week 8, mean
(± SD)

PLT at treatment week 12, mean
(± SD)

Responders

152.54 (±
55.880)

172.33 (± 72.156)

164.94 (± 53.580)

169.42 (± 59.499)

Failures

150.00 (±
35.157)

153.00 (± 58.258)

167.25 (± 57.058)

160.67 (± 60.902)

P values

0.9

0.5

0.9

0.7

PLT: Platelet.

Table 5 Risk factors for hepatocellular carcinoma recurrence post-liver transplant (Logistic regression analysis)

Variable

No HCC recurrence/HCC
recurrence
(n = 62/6)

Univariate OR(95%CI)

P value

Age > 60 yr

39/3

0.6 (0.1-4.8)

0.8

Male

45/5

1.9 (0.2-94.5)

0.9

White

34/3

0.8 (0.1-6.7)

0.9

Baseline BMI
(≥ 25 kg/m2)

50/4

0.5 (0.1-5.9)

0.7

EOT BMI (< 25 kg/m2)

11/4

8.8 (1.1-109.3)

0.03

Alcohol drinking

28/4

2.4 (0.3-28.3)

0.6

Cigarette smoking

48/3

0.3 (0.1-2.5)

0.3

Cirrhosis

4/0

-

-

Pre-LT relapse to DAA

18/5

11.7 (1.2-590.7)

0.006

Anti-HBc-positive
allograft

8/2

3.3 (0.3-27.8)

0.4

HCV-positive allograft

4/0

-

-

HCV genotype 3a

12/3

4.1 (0.5-34.2)

0.2

Post-LT relapse to DAA

2/3

26.2 (2.2-432.9)

0.002

Multivariate OR (95%CI) P value

12.3 (1.2-131.0)

0.03

14.9 (1.1-219.3)

0.04

10.6 (1.0-121.6)

0.05

HCC: Hepatocellular carcinoma; BMI: Body mass index; DAA: Direct-acting antiviral; HCV: Hepatitis C virus; OR: Odds ratio; CI: Confidence interval; LT:
Liver transplant; HBc: Hepatitis B core; EOT: End of treatment.

DAA treatment[20]. Moreover, LT recipients are not decompensated, as some authors
attributed increased HCC risk in the DAA era to less selection bias when compared
with that in the interferon era, as they excluded interferon-based treatment from
decompensated patients with Child-Pugh class B or C[21]. Second, the use of explant
pathology to confirm the diagnosis of HCC rather than relying on imaging modalities
that can misdiagnose HCC supports the use of LT recipients in investigating the
interaction between DAA therapy and HCC.
None of the patients in the present study who had DAA therapy failure or
recurrence of HCC were cirrhotic. This contradicts the suggestion that HCC recurrence
or DAA failure risk is greater in cirrhotic than non-cirrhotic populations.
Whereas a specific explanation for the interaction between HCC and DAA therapy
has yet to be established, some studies suggested that cross-talk among inflammatory,
immune response, and angiogenesis pathways modulates the impact of DAAs on
progression of HCC and the risk of its recurrence[22,23]. Additionally, HCC may interact
biologically with DAA therapy, which may influence pre-transplant SVR12
achievement and increases the risk of HCC recurrence in patients who failed DAA
therapy with a prior history of HCC irrespective of HCC treatment response or liver
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Table 6 Characteristics of the study population according to use of ribavirin
Number (%)
Characteristic

RBV-containing DAA regimens (n = 68)

Non-RBV containing DAA regimens (n = 38)

P value

Age ≥ 60 yr

38 (58)

26 (70)

0.2

Male

51 (75)

24 (63)

0.3

Female

17 (25)

14 (37)

White

37 (54)

19 (50)

Black

15 (22)

7 (18)

Hispanic

13 (19)

10 (26)

Asian

3 (4)

2 (5)

Diabetes Mellitus

45 (66)

28 (74)

0.5

22 (32)

21 (55)

0.02

eGFR < 30 mL/min/1.73 m

1 (2)

8 (21)

0.001

Cirrhosis

4 (8)

5 (16)

0.3

mean (± SD) creatinine level, mg/dL

1.2 ± 1.0

1.9 ± 1.8

0.02

mean (± SD) hemoglobin level, g/dL

14.0 ± 1.7

12.0 ± 2.0

0.0001

mean (± SD) MELD-Na score

11 ± 4

13 ± 6

0.01

SVR12

65 (95.5)

35 (92.1)

0.7

CKD
2

0.8

RBV: Ribavirin; CKD: Chronic kidney disease; DAA: Direct-acting antiviral; SVR: Sustained virologic response.

Figure 1 Numbers and percentages of the study patients who had responses to (n = 100) and failure of (n = 100) the 16 direct-acting
antiviral regimens. EBR: Elbasvir; GZR: Grazoprevir; PrOD: Paritaprevir-ritonavir-ombitasvir-dasabuvir; SIM: Simeprevir.

transplantation[17,19]. Genetic susceptibility and variability in the genes involved in
HCC risk or DAA metabolism may also play a role in the interaction between DAAs
and HCC. Integration of the use of molecular markers with DAA therapy should be
explored in future studies.
There is no consensus regarding the optimum time to start DAA treatment after an
LT. We found no difference in the SVR12 rate between patients who received early (< 1
year) and late (≥ 1 year) DAA therapy after LTs. Nevertheless, five of six patients who
did not experience SVR12 received DAA therapy more than 1 year after their LTs.
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Figure 2 mean (± SD) alanine aminotransferase levels in patients who had direct-acting antiviral therapy responses and failure (baseline,
week 4, week 8, and week 12).

We have no explanation why patients with PHCC received DAA treatment earlier
than patients with PnHCC in our study. This may be attributed to more rigorous
follow-up, better compliance, and fear of decompensation or HCC recurrence after
liver transplantation in patients with PHCC.
During post-treatment follow-up, no patients had relapses after SVR12, with 100%
concordance between SVR12 rates and SVR rates at follow-up week 24 and between
SVR12 rates and quantitative HCV polymerase chain reaction at the last follow-up
visit. This establishes SVR12 as an appropriate endpoint for demonstrating the clinical
efficacy of all-oral DAA treatment similar to that in previous trials of sofosbuvir/RBV
with and without interferon[24].
Consistent with a previous study[25], we showed that failure of the ALT level to
normalize at treatment week 4 was a strong predictor of DAA treatment failure. This
may result in enhancement of patient management via (1) Intensification of DAA
treatment, either with RBV or extension of the treatment period, and (2) Thorough
evaluation for other causes of a persistently elevated ALT level at treatment week 4,
such as alcoholism, high body mass index, and type 2 diabetes mellitus.
Multivariate analysis showed no impact of HCV genotype 3 or an HCV-positive
allograft on the risk of failure or HCC recurrence after DAA treatment.
Similar to other studies[13,14], we did not observe a significant difference in SVR12
rates between LT recipients who received DAA regimens with and without RBV.
However, such an observation should be interpreted conservatively, as these patients
were not randomized to receive RBV. Moreover, patients who received RBV were
either cirrhotic or had a history of failure to antiviral therapy or quantitative HCV
polymerase chain reaction > 15 IU/mL at treatment week 4, with RBV added to their
regimens to intensify them and achieve SVR12. Use of RBV therefore may have helped
this population to have an SVR12 rate similar to those in other favorable populations.
Overweight or obesity at baseline did not influence SVR12 achievement or HCC
recurrence after DAA treatment. We observed no significant changes in body mass
index from baseline to the end of DAA treatment. However, among those with PHCC,
weight loss by the end of DAA treatment was a significant predictor of HCC
recurrence, which may be attributed to release of inflammatory cytokines[26].
Tacrolimus-containing regimens were the most commonly used
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Figure 3 mean (± SD) platelet counts in patients who had direct-acting antiviral therapy responses and failure (baseline, week 4, week 8,
and week 12).

immunosuppressive medications in DAA therapy. Acute cellular rejection occurred in
5% of the patients after DAA treatment (median time of 11 mo after therapy), which is
comparable with rejection rates in the literature[13].
HBV reactivation with DAA treatment is rare, with an estimated risk of 1.4% in
patients with resolved HBV infections[27]. In our study, none of anti-HBc-positive
patients experienced HBV reactivation during or after DAA therapy until the last
follow-up visit.
This study has several strengths. It is the first to highlight predictors of HCC
recurrence in patients in whom DAA treatment failed after an LT while adjusting for
potential confounding factors. Furthermore, pre-transplant relapse to DAA therapy
may predict post-transplant HCC recurrence. Given the uniqueness of LT recipients
with recurrent HCV infection and HCC, we acknowledge the limitation of a singlecenter, retrospective study with a small sample size. Accordingly, we applied a rigid
exact method of logistic regression analysis to overcome this limitation.

CONCLUSION
In conclusion, our results support the safety and efficacy of DAA treatment in LT
recipients with history of HCC. Relapse to pre-transplant DAA therapy is a significant
predictor of HCC recurrence following transplantation. Furthermore, relapse to posttransplant DAA therapy is associated with HCC recurrence. ALT level > 35 U/L at
treatment week 4 is a significant predictor of treatment failure. Future validation of
our findings in a multicenter study of a larger sample is warranted.

ARTICLE HIGHLIGHTS
Research background
Recent studies have shown lower sustained virologic response in patients with
hepatocellular carcinoma (HCC) pre-transplant. Moreover, there are conflicting data
regarding HCC recurrence in patients treated with direct-acting antivirals (DAAs).
However, there are insufficient data regarding the efficacy of DAA in liver transplant
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(LT) recipients with past history of HCC.

Research motivation
To identify risk factors for DAA relapse and HCC recurrence after LT.

Research objectives
To highlight the efficacy and safety of DAA therapy in LT recipients with hepatitis C
virus infections and history of HCC and to investigate the impact of DAA use on posttransplantation HCC recurrence.

Research methods
We retrospectively analyzed the data of our center of LT recipients who received DAA
therapy for hepatitis C virus recurrence and their relapse and HCC recurrence
outcomes.

Research results
Six patients (6%) experienced DAA therapy failure post-LT and 100 (94%) had a
sustained virologic response at follow-up week 12. DAA relapse post-LT was
associated with post-transplantation HCC recurrence, P = 0.05. Pre-LT DAA relapse is
a predictor of post-LT HCC recurrence, P = 0.04.

Research conclusions
DAA is safe and effective in LT recipients with history of HCC. High alanine
aminotransferase > 35 U/L at treatment week 4 and pre-LT DAA relapse are
predictors of HCC recurrence after transplant. Relapse to DAA therapy post-LT is a
potential risk factor for HCC recurrence.

Research perspectives
Performing a multicenter study of a larger sample to validate our findings.
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Abstract
BACKGROUND
Gallbladder cancer (GBC) is the most common biliary malignancy and has the
worst prognosis, but aggressive surgeries [e.g., resection of the extrahepatic bile
duct (EHBD), major hepatectomy and lymph node (LN) dissection] may improve
long-term survival. GBC may be suspected preoperatively, identified
intraoperatively, or discovered incidentally on histopathology.
AIM
To present our data together with a discussion of the therapeutic strategies for
GBC.
METHODS
We retrospectively investigated nineteen GBC patients who underwent surgical
treatment.
RESULTS
Nearly all symptomatic patients had poor outcomes, while suspicious or
incidental GBCs at early stages showed excellent outcomes without the need for
two-stage surgery. Lymph nodes around the cystic duct were reliable sentinel
nodes in suspicious/incidental GBCs. Intentional LN dissection and EHBD
resection prevented metastases or recurrence in early-stage GBCs but not in
advanced GBCs with metastatic LNs or invasion of the nerve plexus. All patients
with positive surgical margins (e.g., the biliary cut surface) showed poor
outcomes. Hepatectomies were performed in sixteen patients, nearly all of which
were minor hepatectomies. Metastases were observed in the left-sided liver but
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not in the caudate lobe. We may need to reconsider the indications for major
hepatectomy, minimizing its use except when it is required to accomplish
negative bile duct margins. Only a few patients received neoadjuvant or adjuvant
chemoradiation. There were significant differences in overall and disease-free
survival between patients with stages ≤ IIB and ≥ IIIA disease. The median overall
survival and disease-free survival were 1.66 and 0.79 years, respectively.
CONCLUSION
Outcomes for GBC patients remain unacceptable, and improved therapeutic
strategies, including neoadjuvant chemotherapy, optimal surgery and adjuvant
chemotherapy, should be considered for patients with advanced GBCs.
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Core Tip: Gallbladder cancer (GBC) has a poor prognosis. Our GBC patients who
underwent surgeries were retrospectively evaluated. Lymphadenectomy and resection of
the extrahepatic bile duct prevented metastases or recurrence in early-stage GBCs but not
in advanced GBCs with metastatic lymph nodes or invasion of the nerve plexus. We
should reconsider the indications for major hepatectomy, when it is required to achieve
negative bile duct margins. There were significant differences in overall and disease-free
survival between patients with stages ≤ IIB and ≥ IIIA disease. The median overall
survival and disease-free survival were 1.66 and 0.79 years, respectively. Postoperative
outcome remains unacceptable.
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Tani M, Sato A, Tani R, Aoyama R, Sasaki Y, Zaima M. Surgical treatment of gallbladder
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URL: https://www.wjgnet.com/1948-5182/full/v12/i9/641.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i9.641

INTRODUCTION
Gallbladder cancer (GBC) remains a relatively rare malignancy with a variable
presentation[1-7], but it is the most common biliary malignancy and has the worst
prognosis[3,4,7]. Although GBC generally carries a poor prognosis[1-4,7-15], complete
surgical resection is associated with improved outcomes in GBC patients[1,2,11,14,16-23].
Some surgeons have suggested that aggressive surgeries [e.g., resection of the
extrahepatic bile duct (EHBD), extended hepatectomy and intentional lymph node
dissection (lymphadenectomy) of the para-aortic lymph nodes (LNs)] may improve
long-term survival in patients with advanced GBC[1,2,9,11,13,14,16,18-25]. Metastatic LNs,
invasion into the peribiliary nerve plexuses and positive surgical margins of the biliary
tract are important prognostic factors[1,7,11,15,18,21].
Although radical resection is considered by many to be the ideal management
strategy for GBC[1,2,11,14,16-23], selecting the appropriate surgical procedure based on the
depth of the primary tumor and the clinical stage of GBC is still
controversial[1-4,10,11,14,16,17,19,20,23,24,26]. Optimal treatment for advanced GBC is unclear[1,2,24],
especially in patients with T2 disease according to the tumor-node-metastasis (TNM)
classification[27]. The use of radical cholecystectomy and extended procedures with
EHBD resection are a matter of debate[1,2,10,14,16,20,24,25]. Radical cholecystectomy involves
an extended cholecystectomy with a full-thickness resection and a wedge resection
with partial hepatectomy of the gallbladder bed[28-31]. The impact of routine resection of
the EHBD, extended LN dissection, and major hepatectomy on outcomes still lacks
consensus[1,11,16,20,24].
We retrospectively investigated our patients who underwent surgical treatment for
incidentally or non-incidentally diagnosed GBC; their data are presented together with
a discussion of the therapeutic strategies for GBC and a literature review.
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MATERIALS AND METHODS
Patients
A total of nineteen GBC patients who underwent surgical treatment at our institution
from January 2011 to March 2019 were enrolled in this study. The patients comprised
five men and fourteen women, with a mean age of 72.5 ± 11.5 years. Two patients had
a past history of other cancers, and one patient had cholelithiasis as a comorbidity.
None had viral hepatitis, alcoholic hepatitis or non-alcoholic steatohepatitis. The GBCs
were staged according to the TNM classification[27].
This retrospective study was approved by the ethics review committee for clinical
studies of our institution. This study was performed in accordance with the ethical
guidelines of the Declaration of Helsinki. Informed consent was obtained from all
patients before enrollment.

Statistical analysis
All results are shown as mean ± SD or median (range). Survival rates were calculated
using the Kaplan–Meier method, and the log-rank test was used for between-group
comparisons. All calculations were performed using SPSS Software (SPSS Inc.,
Chicago, IL, United States). Values of P < 0.05 were considered statistically significant.

RESULTS
Preoperative management
Preoperative profiles are summarized in Table 1. Six patients presented with fever and
abdominal pain, and two patients had obstructive jaundice; the remaining eleven
patients (57.9%) were asymptomatic (Table 1). The eight symptomatic patients were
categorized as stage ≥ IIB (Table 1). Biliary drainage was required in two symptomatic
patients with stage IVB disease (Cases 14 and 17) due to obstructive jaundice and acute
cholangitis (Table 1).

Preoperative evaluation
Pancreaticobiliary maljunction was observed in two patients (Cases 2 and 16; Table 1).
No patients had occupational risk factors for GBC. Six patients were initially
diagnosed with benign diseases (two stage IIB patients and one each with stage IA, IB,
IIA and IIIA disease) (Table 1), and these patients were classified as having suspicious
or incidental GBCs. The preoperative stages of patients who received radical surgery
were stage IVB (five patients); stage IIA (three patients); and stages IIB, IIIA, IIIB and
IVA (two of each stage; Table 1).

Preoperative chemotherapy and radiation
None of the patients received neoadjuvant chemotherapy or radiation. One patient
received chemotherapy [four courses with gemcitabine (GEM) + cisplatin (CDDP)] and
radiation (60 Gy) for unresectable GBC; this patient underwent conversion surgery
(Case 10).

Surgical treatment
Operative factors are summarized in Table 2. Eleven patients underwent primary
extended cholecystectomy with full-thickness resection and partial hepatectomy of the
gallbladder bed, and three patients underwent wedge resection of the gallbladder bed
as a two-stage surgery (Table 2). Although partial hepatectomy and/or wedge
resection of the gallbladder bed were performed in fourteen patients, only one patient
received a systemic hepatectomy (right-lobe hepatectomy accompanied by partial
caudate lobectomy; Case 17).
A total of eight patients (three with stage IIB disease and one each with stage IIA,
IIB, IIIA, IVA and IVB disease) underwent intentional resections of the EHBD,
including five who underwent pancreaticoduodenectomy (Table 2). Lymphadenectomy of the para-biliary, para-arterial and peri-portal venous LNs was performed
in eleven patients (57.9%; three with stage IIIB disease; two each with stage IIB, IIIA,
IIIB and IVB disease; and one each with stage IIA and IVA disease). The para-aortic
LNs were dissected in one stage IVB patient (Case 19).
Laparoscopic cholecystectomy was initially performed in seven patients with a
preoperative diagnosis of benign disease, and three of these patients (two with stage
IIB disease and one with stage IIIA disease) received two-stage surgery based on
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Table 1 Preoperative evaluation, chemotherapy and/or radiation, and the final stage
Symptomatic
Case
(Yes or No)

Preoperative
biliary drainage
(Yes or No)

PBM
Preoperative
Preoperative
(Yes or diagnosis (GBC or
stage1
No)
benign)

Neoadjuvant
Preoperative
Conversion to
chemotherapy (Yes radiation (Yes or surgery (Yes or
or No)
No)
No)

The
final
stage1

Adjuvant
chemotherapy
(Yes or No)

Chemotherapy for
metastases/recurrences (Yes
or No)

1

No

No

No

Benign

-

No

No

No

IA

No

No

2

No

No

Yes

Benign

-

No

No

No

IB

No

No

3

No

No

No

GBC

IIIB

No

No

No

IIA

No

No

4

No

No

No

Benign

-

No

No

No

IIA

No

No

5

No

No

No

GBC

IIA

No

No

No

IIA

No

No

6

Yes

No

No

Benign

IIB

No

No

No

IIB

No

No

7

Yes

No

No

Benign

IIB

No

No

No

IIB

No

Yes

8

No

No

No

Benign

IIIA

No

No

No

IIIA

No

No

9

Yes

No

No

GBC

IVB

No

No

No

IIIA

No

No

10

Yes

No

No

GBC

IVA

No

No

Yes

IIIA

No

Yes

11

No

No

No

GBC

IIA

No

No

No

IIIA

Yes

No

12

Yes

No

No

GBC

IIIA

No

No

No

IIIA

No

No

13

No

No

No

GBC

IVA

No

No

No

IIIB

No

No

14

Yes

Yes

No

GBC

IVB

No

No

No

IIIB

No

No

15

No

No

No

GBC

IIA

No

No

No

IIIB

No

No

16

No

No

Yes

GBC

IVB

No

No

No

IIIB

No

No

17

Yes

Yes

No

GBC

IVB

No

No

No

IVA

No

No

18

Yes

No

No

GBC

IIIB

No

No

No

IVB

No

No

19

No

No

No

GBC

IVB

No

No

No

IVB

No

Yes

1

Staging according to the tumor-node-metastasis classification. GBC: Gallbladder cancer; PBM: Pancreaticobiliary maljunction.

pathological findings. All three underwent wedge resection, and one patient received
resection of the EHBD (Cases 6, 7 and 8; Table 2). Three patients (stages IA, IB and IIA)
did not receive two-stage surgery (Cases 1, 2 and 4).
Curative resections, evaluated as graphic and surgical R0 according to the Japanese
guidelines (General rules for clinical and pathological studies on cancer of the biliary
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Table 2 Operative factors
Surgical procedures
Case

Surgical approach (Primary or
two-stage)

Resected area1

Intentional LN dissection2
(Yes or No)

EHBD resection (Yes
or No)

Graphic/Surgical
Caudate
R03
Lobectomy
(Curative
resection)
(Yes or No)
(Yes or No)

Postoperative
complications
POD

Grade4

1

Primary

LC

No

No

No

Yes

-

-

2

Primary

LC

No

No

No

Yes

-

-

3

Primary

Extended cholecystectomy

Yes

Yes

No

Yes

Intraperitoneal
abscess (8)

3a

4

Primary

LC

No

No

No

Yes

-

-

5

Primary

Extended cholecystectomy

No

No

No

Yes

-

-

6

Two-stage

Wedge resection

Yes

No

No

Yes

-

-

7

Two-stage

Wedge resection

Yes

Yes

No

Yes

-

-

8

Two-stage

Wedge resection

Yes

No

No

Yes

Intraperitoneal
abscess (8)

2

9

Primary

Extended cholecystectomy

No

No

No

No

Intraperitoneal
abscess (20)

3a

10

Primary

Extended cholecystectomy

No

No

No

No

-

-

11

Primary

Extended cholecystectomy

Yes

Yes

No

No

-

-

12

Primary

Extended cholecystectomy

No

No

No

Yes

-

-

13

Primary

Extended cholecystectomy + SSpPD

Yes

Yes

No

Yes

Intraperitoneal
abscess (14)

2

14

Primary

Extended cholecystectomy + SSpPD + partial resection of
the portal vein

Yes

Yes

No

Yes

-

-

15

Primary

LC

No

No

No

Yes

-

-

16

Primary

Extended cholecystectomy + SSpPD

Yes

Yes

No

Yes

Pancreatitis (21)

2

17

Primary

Right hepatectomy + SSpPD

Yes

Yes

Yes

No

Pancreatic
fistula (14)

3b

18

Primary

Extended cholecystectomy+partial hepatectomy

Yes

No

No

Yes

-

-

19

Primary

Extended cholecystectomy + SSpPD

Yes

Yes

No

Yes

-

-
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1

Extended cholecystectomy was the primary whole-layer resection with partial hepatectomy, and the wedge resection was partial hepatectomy of the gallbladder bed at two-stage surgery.
Intentional dissection of parabiliary, paraarterial and periportal venous lymph nodes.
3
R0 means no remnant of gallbladder cancer by curative resection, according to the Japanese guideline (General rules for clinical and pathological studies on cancer of the biliary tract).
4
Grading according to the Clavien-Dindo classification. EHBD: Extrahepatic bile duct; LC: Laparoscopic cholecystectomy; LN: Lymph node; POD: Postoperative day; SSpPD: Subtotal stomach-preserving pancreaticoduodenectomy.
2

tract[32]), were accomplished in fifteen patients. A total of four patients (three with
stage IIIA and one with stage IVA disease; Cases 9, 10, 11 and 17) received noncurative resections; the biliary cut surface or surgical surface margins were each
positive in two patients (Table 3).

Intraoperative factors
The median operative time was 269 min (range, 32-775 min). Median blood loss was
430 mL (range, 0-3700 mL), and blood transfusions were needed in four patients.
Intraoperative histopathological examination was performed in eight patients to assess
the primary tumors, cut surface of the biliary tract, nerve plexus and LNs. Although
carcinomas were correctly identified in all cases, the extension (i.e., oncological depth)
of the primary tumor was misdiagnosed by intra-operative examination in one patient
(Case 6).

Postoperative course during the early postoperative period
Postoperative complications were observed in six patients (four cases of
intraperitoneal abscess and one each of pancreatitis and pancreatic fistula), and these
complications were categorized as grade 2 (n = 3), grade 3a (n = 2) and grade 3b (n = 1)
according to the Clavien–Dindo classification[33] (Table 2).

Pathological assessment
The pathological findings are summarized in Table 3. Diagnoses of tubular, papillary,
and poorly-differentiated adenocarcinomas were made in 12, 3 and 2 cases,
respectively. Additionally, one adenosquamous cell carcinoma and one
neuroendocrine carcinoma were diagnosed. No satellite lesions of dysplasia and/or
neoplasia were observed. Only one patient (Case 1) was diagnosed with mucosal
cancer (a so-called “m cancer”), and neither a second-stage surgery after laparoscopic
cholecystectomy nor an extended cholecystectomy was chosen for this patient
(Table 2).
The primary tumor was located in the liver in 10 patients and the ventral side in
nine (Table 3). Invasions into the lymphoid duct, vessels and peribiliary nerve plexus
were pathologically assessed, respectively. These invasions occurred in six, ten and
five cases, respectively (Table 3). Notably, nine GBCs invaded into the GB neck or
cystic duct (Table 3).
Positive margins at the biliary cut surface were observed in two patients (Cases 11
and 17), and positive margins at the ventral, dorsal and/or hepatic surfaces were
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Table 3 Pathological findings
Tumor occupation1 Depth2
Case

Invasions

Ventral or
liver side

(invaded
organ)

Invasions into the neck
and/or cystic duct (Yes or
No)

Lymphoid duct
(Yes or No)

Vessels
(Yes or No)

Nerve plexus
(Yes or No)

Positive margin at
the cut end (Yes or
No)

Metastatic LNs
(Positive LNs/total
LNs)

Metastatic LN #12c3 (The LN around the
cystic duct) (Positive LNs/sampling LNs)

1

Gb

Ventral side

m

No

No

No

No

No

-

-

2

Gf

Ventral side

mp

No

No

No

No

No

0/1

0/1

3

Gf

Ventral side

ss

No

No

No

No

No

0 / 13

-

4

Gf

Ventral side

ss

No

No

No

No

No

-

-

5

Gf

Ventral side

ss

No

No

Yes

No

No

-

-

6

Gfbn

Liver side

ss

Yes

No

No

No

No

0 / 20

-

7

Gfbn

Liver side

ss

Yes

No

No

No

No

0 / 19

0/1

8

Gfb

Liver side

ss

No

No

Yes

No

No

0 / 16

-

9

Gfbn

Liver side

si (liver)

Yes

No

Yes

No

Yes

-

-

10

Gfb

Liver side

ss

No

No

No

No

No

-

-

11

Gfbn

Ventral side

si (liver)

Yes

Yes

Yes

Yes

Yes

0/6

-

12

Gfbn

Liver side

si (liver, EHBD)

Yes

Yes

No

No

Yes

-

-

13

Gfb

Liver side

si (liver)

No

Yes

Yes

Yes

No

2 / 35

-

14

Gnb

Liver side

si (liver, EHBD)

Yes

No

Yes

Yes

No

3 / 13

-

15

Gf

Ventral side

ss

No

No

No

No

No

1/1

1/1

16

Gfbn

Ventral side

ss

Yes

Yes

Yes

No

No

2/6

1/1

17

Gfbn

Ventral side

si (EHBD)

Yes

Yes

Yes

Yes

Yes

0/4

-

18

Gfbn

Liver side

si (liver)

Yes

No

Yes

No

No

0/4

-

19

Gfbn
(b)

Liver side

si (liver)

No

Yes

Yes

Yes

No

18 / 29

-

1

Tumor location according to the Japanese guideline (General rules for clinical and pathological studies on cancer of the biliary tract).
Tumor depth according to the Japanese guideline (General rules for clinical and pathological studies on cancer of the biliary tract).
3
The lymph node around the cystic duct, according to the Japanese guideline (General rules for clinical and pathological studies on cancer of the biliary tract). Gf: Fundus; Gb: Body; Gn: Neck. EHBD: Extrahepatic bile duct; LN: Lymph
node.
2

identified in two patients (Cases 10 and 12; Table 3).
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The final TNM stage based on pathology[27] was stage IA, IB or IVA in one patient
each; stage IIB or IVB in two patients each; stage IIA in three patients; stage IIIB in four
patients and stage IIIA in five patients (Table 1).

Lymphoid metastasis
The median number of harvested LNs was 13 (range, 1–35). Actual LN metastases
were observed on pathology in five patients, with a median of two metastatic LNs per
patient (range, 1–18) (Table 3). In one patient, six of the seven para-aortic LNs were
metastatic (Case 19).
Histopathological assessment of the LNs around the cystic duct (i.e., the 12c LNs
according to the Japanese guideline[32]) was performed in four patients with suspicious
or incidental GBC, and metastasis was detected in two patients. These two cases had
other LN metastases (Cases 15 and 16; Table 3).

Nerve plexus metastasis
Invasion of the nerve plexus was pathologically observed in five patients, and three of
these cases (60.0%) were GBCs with invasion into the GB neck and/or cystic duct
(Table 3). Although these five patients also underwent resection of the EHBD (Tables 2
and 3), all five patients died from metastases and/or recurrences (Table 4). In two
patients with advanced GBC, positive margins were observed at the cut surface of the
biliary tract in spite of EHBD resection (Cases 11 and 17; Table 3). Only one of eight
patients who received EHBD resection (12.5%) survived without any metastases
and/or recurrences (Case 3; Tables 2 and 4), and this patient was categorized as stage
IIA (Table 1).

Liver metastasis
A total of fifteen patients received hepatectomies (Table 2). Pathological examination
of the resected liver specimens revealed direct invasion into the liver in seven patients
(Table 3). Liver metastases occurred postoperatively in six patients (three in segment 4,
one each in segments 5 and 7, and one in the majority of the liver); four of the targeted
segments were located in the left side of the liver (66.7%) (Table 4). Four of these six
patients’ primary tumors showed vessel invasion (Table 3). Four metastatic tumors
occurred in the left lobe (Table 4), and no metastases were observed in the caudate
lobe.

Adjuvant and postoperative chemotherapy
Only one patient (stage IIIA) received adjuvant chemotherapy: Six courses of S-1 (Case
11). Three patients received chemotherapy after detection of metastases and/or
recurrences. The regimens employed were GEM + CDDP, GEM + CDDP followed by
GEM + S1, and CDDP + vinblastine, respectively (Cases 7, 10 and 19).

Outcomes
The clinical courses of all patients were followed for a median of 2.03 years (0.15–5.05
years). Metastasis and/or recurrence was observed in fourteen patients (74.7%); the
five patients without metastasis/recurrence had stage IIA disease (two patients) and
stage IA, IB or IIB disease (one of each) (Tables 1 and 4). Metastasis occurred in the
liver (six patients), para-aortic LNs (four patients) intraperitoneal dissemination (four
patients), and local recurrence (four patients) (Table 4).
The overall survival curves by stage are shown in Figure 1A; there was a significant
difference in overall survival between patients with stage ≤ IIB and stage ≥ IIIA disease
(P = 0.0080; Figure 1B). The overall median survival in the eleven patients with
oncological death was 1.66 years (range, 0.16-3.36 years; Figure 2A).
The disease-free survival curves by stage are shown in Figure 1C; there was a
significant difference in disease-free survival between patients with stage ≤ IIB and ≥
IIIA disease (P = 0.0054; Figure 1D). The disease-free interval of the fourteen patients
with recurrences was 0.79 years (0.12–4.01 years; Figure 2B).

Comprehensive flowchart for important points in our patients
The specific characteristics of each patient may be difficult to understand.
Characteristic findings and important points (e.g., preoperative diagnosis, surgical
treatment, histopathological assessments, stage according to the TNM classification
and prognosis) are summarized in Figure 3.

WJH

https://www.wjgnet.com

648

September 27, 2020

Volume 12

Issue 9

Kamada Y et al. Resectable gallbladder cancer

Table 4 Metastases, recurrences and outcome
Metastasis and/or
The target sites of
Case recurrence (Yes
metastases/recurrences1
or No)

Postoperative liver
metastases (Right
and/or left side)

Overall
Disease-free
survival
survival (yr)
(yr)

Prognosis
Follow-up
(Dead or
term (yr)
alive)

1

No

-

-

2.4

2.4

2.4

Alive

2

No

-

-

2.3

5.0

5.0

Alive

3

No

-

-

3.6

3.6

3.6

Alive

4

No

-

-

3.6

3.6

3.6

Alive

5

Yes

Liver

Right side

0.4

0.8

0.8

Alive

6

No

-

-

8.0

8.0

8.0

Alive

7

Yes

Peritoneal cavity

-

2.0

2.8

2.8

Dead

8

Yes

Liver

Right side

1.4

2.0

2.0

Dead

9

Yes

Peritoneal cavity

-

0.1

0.2

0.2

Dead

10

Yes

Local site, hepatic hilum

-

1.2

2.6

2.6

Dead

11

Yes

Perineal cavity

-

0.8

1.0

1.0

Dead

12

Yes

Local site, liver

Left side

0.1

0.2

0.2

Dead

13

Yes

Peritoneal cavity, paraaortic LN

-

0.4

1.7

1.7

Dead

14

Yes

Local site

-

0.9

3.4

3.4

Dead

15

Yes

Paraaortic LN

-

4.0

5.4

5.4

Alive

16

Yes

Bone, paraaortic LN

-

2.0

7.5

7.5

Alive

17

Yes

Liver remnant

Left side

0.6

0.7

0.7

Dead

18

Yes

Liver

Right and left sides

0.2

0.3

0.3

Dead

19

Yes

Liver, local site, paraaortic LN

Left side

0.6

1.0

1.0

Dead

1

Perineal cavity involved dissemination and carcinomatosis. LN: Lymph node.

DISCUSSION
In GBC patients, the presence of associated symptoms is considered a relative
contraindication to radical resection as these patients have a poor prognosis and high
postoperative morbidity[1-3,9]. Of our eight symptomatic patients (Table 1), all were
categorized as stage ≥ IIB, and seven (87.5%) showed poor outcomes (Table 4).
Although jaundiced patients with advanced GBC should be considered as candidates
for surgical resection, careful evaluation is important before undertaking aggressive
surgery in this population[2,9].
Certain factors (e.g., liver injury and occupational history) are associated with an
increased risk of developing GBC[12]. In particular, data support a relationship between
pancreaticobiliary maljunction and GBC[34]. Among our patient population, only two
cases (10.5%) had pancreaticobiliary maljunction.
Gallbladder cancer can be suspected preoperatively, identified intraoperatively, or
discovered incidentally on final pathology[2-4,26,35]. In cases with suspicious or incidental
GBCs, lesions tend to be stage T2 or T3 by the TNM classification[26,27]. Once GBC is
diagnosed, a two-stage surgery should be considered[26], although simple or extended
cholecystectomy produces comparable survival outcomes in GBC patients with T1
lesions[17]. Among our patients, the three with suspicious/incidental GBC of lower
stages showed excellent outcomes without two-stage surgery (Cases 1, 2 and 4).
Perforation during the initial surgery carries a higher risk of dissemination[35], although
extended resection of adjacent organs may not be necessary in order to achieve
radicality even in this instance[25]. Therefore, radical cholecystectomy (e.g., fullthickness resection and extended cholecystectomy) should be considered in the
absence of unexpected rupture among patients with suspicious and incidental GBCs.
In this study, we assessed the importance of metastasis to the 12c LNs[32] in suspicious
and incidental GBCs. Of the four patients with suspicious/incidental GBCs in which
the 12c LNs were histologically assessed, the two patients with 12c LN metastasis
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Figure 1 Overall and disease-free survival. A: The overall survival curves for each stage are shown; B: The overall survival significantly differed between
patients with stage ≤ IIB (blue line) and those with stage ≥ IIIA (red line) disease (P = 0.0080); C: Disease-free survival curves for each stage are shown; D: There
was a significant difference in the disease-free survival of patients with stage ≤ IIB (blue line) and patients with stage ≥ IIIA (red line) disease (P = 0.0054).

(Cases 15 and 16) had other metastatic LNs, while the two patients without 12c LN
metastasis did not have other LN metastases (Cases 2 and 7). Even though the number
of sampled LNs was small (1 or 2), the 12c LNs seem to be useful sentinel nodes in
patients with suspicious and incidental GBCs. For patients with suspicious/incidental
GBCs, full-thickness cholecystectomy and sampling of the 12c LNs may be suitable for
the initial surgery, although two-stage surgery may be required based on histological
findings.
GBCs tend to invade adjacent structures, including the liver parenchyma, bile duct,
major vessels, nerve plexuses and regional LNs[1,11,14,20]. Metastatic LNs and bile duct
margins are important prognostic factors[1,7,11,15,18-21], and invasion into the nerve
plexuses is also a significant independent prognostic factor[11]. Intentional dissection of
the LNs and nerve plexuses is still controversial[1,2,11,15,16,19,20,22,24,25]. Extended dissection of
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Figure 2 The median overall and disease-free survival. A: The median overall survival of the 11 deceased patients was 1.66 years (0.16–3.36 years); B:
The median disease-free interval of the 15 recurrent patients was 0.79 years (0.12–4.01 years).

LNs and/or nerve plexuses should involve en bloc resection of the EHBD[1,11,16,20,24,36].
From the viewpoint of achieving curative resection, EHBD resection may have some
advantages[1,11,16,20]. However, although routine EHBD resection in GBCs without bile
duct invasion is associated with improvements in harvested LNs and local recurrence
rate, this procedure does not improve the survival rate and is associated with a higher
morbidity rate[14,16,24]. Among our patients, four of the five patients with metastatic LNs
received intentional extended LN dissection, but all these patients developed
metastases and/or recurrences (Cases 13, 14, 16 and 19). Extended LN dissection
worked well in only one patient with early stage disease (Case 3). Moreover, nerve
plexus invasion was observed in five patients, and all five of these patients succumbed
to oncological death despite EHBD resection (Cases 11, 13, 14, 17 and 19). Of patients
undergoing EHBD resection, only one patient with early stage disease survived
without any metastases and/or recurrences (Case 3). Unfortunately, extended
dissection of the nerve plexuses was not beneficial for advanced GBC patients with
invasion into the GB neck and/or cystic duct in our study. Similar to previous
reports[1,9,11,15,19,20,24], our advanced GBC patients with metastatic LNs and invasion into
the nerve plexus experienced poor outcomes even after aggressive surgery including
removal of the EHBD.
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Figure 3 Comprehensive flowchart of important points in our patients. Important points (e.g., preoperative diagnosis, surgical treatment,
histopathological assessments, stage according to the tumor-node-metastasis classification and prognosis) are summarized. The final stages in each case are shown
in parentheses. The outcomes in each case are also shown in parentheses (dead or alive). *Cases with invasive findings of the lymphoid duct and/or nerve plexuses
on the histopathological assessment. †Cases with a positive margin at the surgical cut end of the biliary tract. CRT: Chemoradiotherapy; ENBD: Extrahepatic bile duct
resection; LC: Laparoscopic cholecystectomy; LN: Lymph node.
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Major hepatectomy for biliary hilar malignancy may involve intraoperative risks
and/or postoperative mortality[14,37]. Extended resection with partial hepatectomy and
dissection of the regional LNs may be an option for GBC patients with T2 lesions[1,2,21],
but major hepatectomy should only be performed in select cases[1,10]. Minimal
hepatectomy should be performed to achieve curative resection whenever possible[1].
Drainage from the gallbladder is an important metastatic pathway[6,36], especially for
liver metastases[6,36]. Previous publications have suggested that biliary drainage into
the left-sided liver, including the caudate lobe, has an impact on metastasis[6,21,23,36,38,39].
Some physicians have documented that the caudate lobe is an important target site for
metastases[21,23,26,38,39] and recommend complete resection of the caudate lobe, including
Spiegel’s lobe[21,36,38,39]. Among our patient population, liver resections were performed
in fifteen patients, but a systematic hepatectomy was only performed in one patient
(Case 17). Despite hepatic resection, the liver was preserved as a target site of
metastases in our patients. We observed metastases in the left-sided liver (Cases 12, 17,
18 and 19) but did not detect metastases in the caudate lobe in any of the eighteen
patients with caudate lobe remnants. Accordingly, we suggest that complete resection
of the caudate lobe may not be necessary in all cases. Positive surgical bile duct
margins should be considered a strong negative prognostic factor[1], and our two
patients with positive biliary tract margins showed very poor outcomes (Cases 11 and
17). Therefore, although minimal hepatectomy should be considered for some GBC
patients if complete resection can be accomplished by this method[1,10], aggressive
hepatectomy is mandatory if needed to accomplish negative biliary margins[1,20].
Overall survival and disease-free survival are shown in Figure 1, both of which
clearly differ for patients with stage ≤ IIB vs stage ≥ IIIA disease. The median overall
and disease-free survival times for patients were 1.66 and 0.79 years, respectively.
Aggressive treatment, including extended surgeries, may be beneficial for early-stage
GBC[1,25], especially in populations with disease stages ≤ IIB. However, the poor
prognosis of advanced GBC has been documented even after extended and/or
aggressive procedures[1,9,15,20,24]. Despite this poor prognosis, the role of chemotherapy
and radiotherapy for GBCs remains controversial[4]. Among our patients, only one
patient (who became resectable) received chemotherapy and radiation before
conversion surgery (Case 10), and adjuvant chemotherapy was only performed in one
patient with a non-curative resection (Case 11). Some chemotherapy regimens have
been developed for GBC[1,10], and certain regimens (e.g., S-1 + cisplatin + GM, S-1 + GM,
GM + cisplatin, nanoparticle albumin-bound-paclitaxel + cisplatin + GM and
capecitabine) are considered to be useful[1,10,40-42]. Considering the frequency of early
recurrence and/or metastases, the timing of surgery and use of neoadjuvant
chemotherapy may need to be re-evaluated. Aggressive adjuvant chemotherapy
should be considered[10], and surgical resection of metastases and/or recurrences may
offer a better chance of long-term survival in select patients[18]. As other physicians
have previously documented[1,2,4,7,8,10,21], standard therapeutic strategies need to be
established for advanced GBC.
Here, we reviewed the main literature in this field[20,43-71], and crucial remarks in each
are summarized in Table 5. The highest volume center in Japan is Nagoya University
(Nagoya, Japan), and they continuously documented their decennial
results[14,18,20,22,51,72-75]. Also, we analyzed the existing guidelines in Europe (in 2017)[76,77],
United States (in 2019)[78] and Japan (in 2019)[79] in detail. Especially for a comparison
purpose, important comments on therapeutic strategies for GBCs in each guideline are
summarized in Table 5. Central inferior bisegmentectomy (i.e., hepatectomy of
segments 4b and 5) is suitable for GBC[80-82], although we employed radical or extended
cholecystectomy. Skillful surgeons conversed on the topic of minimally invasive
approaches to GBC[83-87], and we all may have to focus on these advanced
manipulations in the near future.
This study was as a comparative, observational and retrospective study performed
at a single institution, and our sample size was small. Also, this study was not a
randomized controlled trial. Accordingly, we cannot rule out bias and other potential
limitations. Of course, we understood that our study’s conclusions must be interpreted
with extreme caution. However, we hope this report will inform the management of
GBCs in future patients.
In conclusion, even in the current era, the survival of GBC patients remains
unacceptable. Improved therapeutic strategies, including neoadjuvant chemotherapy,
optimal surgery, and adjuvant chemotherapy, should be developed to better treat
patients with advanced GBC.
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Table 5 Important literature and guidelines
Ref. Country
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Year Remarks

Comments in each guideline

Germany

2013

Prognosis of incidental GBC was not influenced by the primary
access technique.

Conventional open surgery is recommended for
suspicious GBCs.

Japan

2003

Preoperative information indicated strategies for surgical treatment
of GBCs.

Conventional open surgery is recommended for
suspicious GBCs.

Japan

1996

Outcome of radical surgery for GBCs was evaluated according to
the TNM classification.

Intentional LN dissection and prophylactic EHBD
resection are considered for potential pathological
invasions.

Japan

2004

Strong consideration should be given to intentional LN dissection
and EHBD resection.

Intentional LN dissection and prophylactic EHBD
resection are considered for potential pathological
invasions.

Japan

2013

Hepatectomy of segments 4a and 5 was not superior to extended
cholecystectomy in patients with pathological T2.

The EHBD resection does not improve the prognosis in
patients with T2N0.

Korea

2013

Radical resection (R0 surgery) including EHBD resection should be The EHBD resection does not improve the prognosis in
considered in patients with T2 and T3 (A single-centre retrospective patients with T2N0.
study).

Japan

2014

Surgery might not be indicated for patients with advanced invasion The EHBD resection does not improve the prognosis in
to the EHBD and visible paraaortic LN metastasis (A single-centre
patients with T2N0.
retrospective study).

Korea

2015

Two-stage surgery was highly recommended for patients with
pathological T2 (A single-centre retrospective study).

The EHBD resection does not improve the prognosis in
patients with T2N0.

Japan

2015

Combined treatment of intentional LN dissection and prophylactic
EHBD resection had no survival impact for patients without the
EHBD invasion (A single-centre retrospective study).

The EHBD resection does not improve the prognosis in
patients with T2N0.

Japan

2012

Hepatectomy procedures (e.g., systematic, segmental and partial
resections) did not significantly affect surgical outcomes

Radical resection (R0 surgery) is the most important
prognostic factor

United
States

2008

GBC was commonly diagnosed incidentally, and two-stage surgery
revealed a high incidence of residual disease.

Overall prognosis is poor.

United
States

2004

Surgeries were not routinely indicated for advanced GBCs with
jaundice.

Jaundice is common in patients with advanced GBC.

France

2011

EHBD resection increased postoperative morbidity but did not
improve survival.

Partial hepatectomy without EHBD resection indicates
incidental GBC.

Korea

2011

Extended cholecystectomy was not advantageous over simple
cholecystectomy for patients with T1b.

Simple cholecystectomy is adequate therapy for patients
with T1a.

United
States

2007

Radical resection for patients with T2 and T3 resulted in a
significant survival advantage compared with simple
cholecystectomy.

Advantages of radical resection including extended
hepatectomy for incidental GBC and patients with T1b are
controversial.

Canada

2008

Intentional LN dissection and EHBD resection may have stagespecific effects on survival.

Radical resection improves survivals in patients with T1b
and T2 (not in patients with T3).

Korea

2008

Cholecystectomy with intentional LN dissection without EHBD
resection was recommended for patients with T1b.

Advantages of radical resection including extended
hepatectomy for incidental GBC and patients with T3b are
controversial.

United
States

2009

Radical resection had survival advantage for patients with T1b and
T2.

Radical resection improves survival in patients with T1b
and T2 (not in patients with T3).

United
States

2011

Extended surgery including intentional LN dissection improved
survival for incidental GBC

Aggressive surgeries including hepatectomy, LN
dissection and EHBD resection are indicated for patients
with T3, localized hepatic invasion and regional LN
metastases.

Japan

2012

Extended cholecystectomy was adequate for patients with T2, and
more aggressive surgeries were indicated for patients with T3,
localized hepatic invasion and regional LN metastases.

Aggressive surgeries including hepatectomy, LN
dissection and EHBD resection are indicated for patients
with T3, localized hepatic invasion and regional LN
metastases.

United
States

2009

Major hepatectomy and EHBD resection were significantly
associated with perioperative morbidity, and were not mandatory
in all cases.

Independent prognostic factors associated with survival
are T factor, N factor, pathological poor differentiation and
EHBD involvement.

United
States

2007

EHBD resection did not yield a greater count of LNs. Over onethird had residual disease in the EHBD at two-stage surgery.

During two-stage surgery, EHBD resection is indicated for
negative cystic duct margins.

United

2000

Radical resection can provide long-term survival, even for large

Aggressive surgeries including hepatectomy, LN
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States

[66]

[67]

[20]

[68]

[69]

[70]

[71]

tumors with extensive liver invasion.

dissection and EHBD resection are indicated for patients
with T3, localized hepatic invasion and regional LN
metastases.

United
States

2007

Incidental GBCs during laparoscopic cholecystectomy did not
indicate immediate conversion to open surgery, and these patients
should be referred to a tertiary care center for further surgery.

There was no difference in surgical deficit between
immediate resection at the initial hospital and delayed
resection at tertiary care center.

France

2011

Jaundice was a poor prognostic factor, but radical resection had
survival benefit especially in highly selected patients with N0.

Radical resection improves survival in patients with N0.

Japan

2011

Patients with advanced GBCs were candidates for EHBD resection,
if radical resection (R0) was achievable.

Radical resection improves survival in patients with EHBD
invasion.

India

2016

Chemoradiotherapy in unresectable GBCs resulted in the
resectability, and subsequent radical surgery (R0) had survival
benefit. LN regression could serve as a predictor of response to
radiochemotherapy.

Chemoradiotherapy in unresectable GBCs may result in
the resectability, and conversion surgery (R0) has survival
benefit.

United
States

2017

Radical surgeries after favorable responses to neoadjuvant
Chemoradiotherapy in unresectable GBCs may result in
chemotherapies were associated with long-term survival in selected the resectability, and conversion surgery (R0) has survival
patients.
benefit.

United
States

2011

Pathological assessment of at least 6 LNs was important.

Patients with incidental GBC and T2 associated with
residual tumor, and should undergo surgery to reflect the
adverse outcome.

Canada

2012

Adjuvant radiochemotherapy had the greatest benefit in patients
with positive LNs and R1 disease.

Adjuvant radiochemotherapy is beneficial.

EHBD: Extrahepatic bile duct; GBC: Gallbladder cancer; LN: Lymph node.

ARTICLE HIGHLIGHTS
Research background
Gallbladder cancer (GBC) is the most common biliary malignancy with the worst
prognosis, but aggressive surgeries may improve long-term survival.

Research motivation
We evaluated our own data along with a discussion of therapeutic strategies for GBC.

Research objectives
Nineteen GBC patients who underwent surgical treatment were enrolled in this study.

Research methods
We retrospectively investigated our patients with incidentally or non-incidentally
diagnosed GBC.

Research results
Suspicious or incidental GBCs at earlier stages showed excellent outcomes without the
need for two-stage surgery. Lymph nodes (LNs) around the cystic duct were reliable
sentinel nodes in suspicious/incidental GBCs. Extended lymphadenectomy and
resection of the extrahepatic bile duct (EHBD) prevented metastases or recurrence in
early-stage GBCs but not in advanced GBCs with metastatic LNs or invasion of the
nerve plexus. All patients with positive surgical margins showed poor outcomes, and
we may need to reconsider the indications for major hepatectomy, minimizing its use
except when it is required to accomplish negative bile duct margins. There were
significant differences in overall and disease-free survival between patients with stages
≤ IIB and ≥ IIIA disease. The median overall survival and disease-free survival were
1.66 and 0.79 years, respectively.

Research conclusions
Outcomes for GBC patients remain unacceptable.

Research perspectives
Improved therapeutic strategies should be considered for patients with advanced
GBCs.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is a major cause of liver disease
worldwide. The diagnosis of nonalcoholic steatohepatitis (NASH), the most
severe form of NAFLD, is crucial and has prognostic and therapeutic implications.
However, currently this diagnosis is based on liver biopsy and has several
limitations.
AIM
To evaluate the performance of gadoxetic acid–enhanced magnetic resonance
imaging (GA-MRI) in differentiating isolated steatosis from NASH in patients
with NAFLD.
METHODS
In this prospective study, 56 patients with NAFLD (18 with isolated steatosis and
38 with NASH) underwent GA-MRI. The contrast enhancement index (CEI) was
calculated as the rate of increase of the liver-to-muscle signal intensity ratio from
before and 20 min after intravenous GA administration. Between-group
differences in mean CEI were examined using Student's t test. The area under the
receiver operator characteristic curve and the diagnostic performance of gadoxetic
acid–enhanced magnetic resonance imaging were evaluated.
RESULTS
The mean CEI for all subjects was 1.82 ± 0.19. The mean CEI was significantly
lower in patients with NASH than in those with isolated steatosis (P = 0.008). Two
CEI cut-off points were used: < 1.66 (94% specificity) to characterize NASH and >
2.00 (89% sensitivity) to characterize isolated steatosis. CEI values between 1.66
and 2.00 indicated liver biopsy, and the procedure could be avoided in 40% of
patients with NAFLD.
CONCLUSION
GA-MRI is an effective noninvasive method that may be useful for the
differentiation of NASH from isolated steatosis, and could help to avoid liver
biopsy in patients with NAFLD.
Key Words: Fatty liver; Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis;
Gadoxetic acid
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Manuscript source: Unsolicited
manuscript

Received: June 4, 2020
Peer-review started: June 4, 2020
First decision: June 20, 2020
Revised: June 29, 2020
Accepted: August 15, 2020
Article in press: August 15, 2020
Published online: September 27,
2020

P-Reviewer: Tarantino G, Williams
RS, Zhang LL

S-Editor: Zhang L

WJH

Core Tip: Nonalcoholic fatty liver disease (NAFLD) is a major cause of liver disease
worldwide. The diagnosis of nonalcoholic steatohepatitis, the most severe form of
NAFLD, is crucial and has prognostic and therapeutic implications. However, currently
this diagnosis is based on liver biopsy. In this study, we demonstrated that gadoxetic
acid–enhanced magnetic resonance imaging could be useful for the evaluation of patients
with NAFLD, as it allows stratification according to the probabilities of nonalcoholic
steatohepatitis and isolated steatosis, thereby avoiding liver biopsy in many patients.
Citation: Amorim VB, Parente DB, Paiva FF, Oliveira Neto JA, Miranda AA, Moreira CC,
Fernandes FF, Campos CFF, Leite NC, Perez RM, Rodrigues RS. Can gadoxetic
acid–enhanced magnetic resonance imaging be used to avoid liver biopsy in patients with
nonalcoholic fatty liver disease? World J Hepatol 2020; 12(9): 661-671
URL: https://www.wjgnet.com/1948-5182/full/v12/i9/661.htm
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease
worldwide, affecting individuals in all age groups and of all ethnicities. It affects 20%40% of the population in Western countries and 5%-40% of the population in the AsiaPacific region[1,2]. The prevalence of NAFLD is increasing in parallel with the epidemics
of overweight, obesity, type 2 diabetes mellitus, and metabolic syndrome[1,3-5]. It is
characterized by fatty liver infiltration in the absence of significant alcohol
consumption or other known liver disease, and encompasses a spectrum of conditions
that range from isolated steatosis to nonalcoholic steatohepatitis (NASH), fibrosis, and
cirrhosis[1,3,6-8]. Isolated steatosis is a reversible state of excessive fat accumulation in
hepatocytes 9. NASH progresses to liver fibrosis and cirrhosis in up to 30% of cases
within 10 years, and 4%-27% of these patients are at risk of hepatocellular carcinoma
and cirrhosis-induced liver failure[1-3]. NASH-induced cirrhosis is the second most
common indication for liver transplantation in the United States 10, and it will become
the most common indication in the near future[4].
The differentiation of relatively benign isolated steatosis from potentially
progressive NASH is crucial and has prognostic and therapeutic implications[2,3,5,7,8].
The reference standard for differentiation of these two entities is based on liver
histopathological findings[2,4,7-9]. However, liver biopsy has several limitations,
including its invasive nature, with rare but potentially life-threatening complications,
poor patient acceptance, sampling error, and intra-and interobserver variability in
findings[3,4,7]. In addition, liver biopsy is a high-cost procedure, requiring a day
hospitalization, a specialist physician to perform the procedure and a pathologist with
expertise in hepatobiliary disease for sample analysis. Given the high prevalence of
NAFLD, liver biopsy is not a good option for routine clinical practice[10].
Abundant research has been performed to develop noninvasive diagnostic methods
for the early detection of NASH and its accurate differentiation from isolated steatosis,
due to the utmost clinical importance of this diagnosis. Plasma biomarkers of
parenchymal liver disease, alone or combined with clinical parameters, have shown a
high degree of accuracy for the differentiation of advanced fibrosis from mild or no
fibrosis, but not for NASH diagnosis[2-4]. Traditional imaging modalities [i.e.,
ultrasonography, computed tomography, and magnetic resonance imaging (MRI)] are
routinely used to detect and stage diffuse liver disorders based on morphological
features. These methods can be used to detect and quantify liver steatosis. However,
they cannot differentiate NASH from isolated steatosis[2-5]. Magnetic resonance
elastography has shown promise for the detection of liver fibrosis, but it is not
sensitive for the identification of steatohepatitis without fibrosis[4,8]. In addition, MR
elastography has limited availability due to the need for specialized equipment[11].
The introduction of gadoxetic acid (GA), a paramagnetic hepatobiliary MRI contrast
agent, has expanded the role of MRI, particularly for functional imaging of chronic
liver diseases such as NAFLD[3,9,12]. GA is taken up by hepatocytes and excreted into
the biliary system by hepatocyte membrane transporters[13]. The expression of
membrane transporters determines enhancement in the hepatobiliary phase[9,12]. Two
proof of concept studies yielded favorable results in terms of relative liver
enhancement after GA administration for the differentiation of isolated steatosis from
NASH[7,9]. However, these studies were retrospective, and further validation with
prospective studies is required. The purpose of this study was to evaluate gadoxetic
acid–enhanced magnetic resonance imaging (GA-MRI) with analysis of the contrast
enhancement index (CEI) based on muscle-corrected liver signal intensity (SI) as a
noninvasive method for the diagnosis of NASH in patients with NAFLD, using
histopathology as the reference standard.

MATERIALS AND METHODS
This study conformed to the ethical guidelines of the 1975 Declaration of Helsinki and
was approved by the local research ethics committees. Written informed consent was
obtained from the study participants.

Patients
Patients aged ≥ 18 years with NAFLD diagnosed by liver biopsy were included in this
study. The patients underwent MRI within 6 mo of liver biopsy, provided that the
clinical conditions observed at the time of biopsy had been maintained. Exclusion
criteria were: Secondary cause of chronic liver disease (viral hepatitis, autoimmune

WJH

https://www.wjgnet.com

663

September 27, 2020

Volume 12

Issue 9

Amorim VB et al. Gadoxetic acid–enhanced MRI in NAFLD

liver disorder, Wilson disease, hemochromatosis, alpha-1-antitripsin deficiency), use of
drugs that may induce liver steatosis in the past 6 mo, hepatotoxin exposure, history of
bariatric surgery, significant alcohol consumption (≥ 10 g alcohol/d in women and ≥
20 g alcohol/d in men), and GA-MRI contraindication. Data on patients’ age, sex,
weight, height, and body mass index (BMI) were collected.

Histological evaluation
All patients underwent subcostal biopsy of the right liver lobe with ultrasonography
guidance and a 16-gauge Menghini biopsy needle. Specimens were fixed in 10%
formaldehyde solution and embedded in paraffin. The sections were then stained with
hematoxylin and eosin, Masson’s trichrome, and Perls’ stains. Only biopsy samples
with lengths ≥ 10 mm and six complete portal tracts were included in the analysis.
An expert liver pathologist (C.F.F.C, with 15 years of experience in liver pathology)
blinded to the imaging results evaluated the liver biopsy specimens. The extent of
steatosis was evaluated semi-quantitatively by assessing the percentage of
involvement by steatotic hepatocytes in the liver parenchyma: 0%-33% = mild, 34%66% = moderate, and > 66% = severe[14]. Steatohepatitis was defined and graded
according to the NASH Clinical Research Network Scoring System, by assessment of
variable degrees of steatosis accompanied by mixed-cell inflammatory infiltrates in the
hepatic lobules and ballooning of hepatocytes, with or without apoptosis and
necrosis[6]. Fibrosis was scored from F0 to F4 (F0, absent; F1, perisinusoidal or
portal/periportal fibrosis; F2, zone 3 perisinusoidal fibrosis and periportal fibrosis; F3,
bridging fibrosis; and F4, cirrhosis)[6].

MRI protocol
All MRI examinations were performed on a 1.5-T Philips Achieva unit (Philips
Healthcare, Best, The Netherlands) with a 16-channel SENSE XL Torso coil. Each
patient received a bolus injection of GA (Primovist, 0.025 mmol/kg body weight;
Bayer-Schering, Berlin, Germany) into a cubital or antecubital vein at a rate of 1 mL/s,
followed by a 20-mL saline flush. A fat-suppressed three-dimensional T1-weighted
gradient echo sequence was obtained without enhancement and in the hepatobiliary
phase (20 min after contrast administration) with the following parameters: TR/TE =
4.0/2.0 ms, flip angle = 10o, field of view = 38 cm, matrix = 192 × 190, interpolation to
224 × 224, slice thickness = 4.0 mm, overlap = 2.0 mm, and anteroposterior phase
direction. A multi-echo two-dimensional gradient echo sequence with a 120-ms TR,
20° flip angle, and 12 multiple echoes of 1.2 ms duration was also obtained.

Image analysis
A radiologist with 10 years of experience in abdominal MRI (V.B.A.) who was blinded
to the patients’ clinical history, laboratory data, and histopathological findings
measured SI using commercially available software (Horos version 2.0.1;
https://www.horosproject.org/). SI was measured in regions of interest (ROIs) in the
liver and paravertebral muscles on unenhanced and hepatobiliary-phase images. Four
ROIs were drawn in the liver [three in the right lobe (one in segment V) and one in the
left lobe, 2.5 cm2 each], with avoidance of blood vessels, biliary structures, motion
artifacts, and partial volume effects. ROIs (1.0 cm2 each) were also drawn in the
paravertebral muscles (Figure 1). The ROIs were first defined on post-contrast images
and then copied onto the corresponding pre-contrast images using the software’s copy
and paste function, to ensure the same ROI positions for CEI calculation. Average preand post-contrast values for liver and muscle ROIs were obtained for each subject.
The liver signal intensity ratio (SIR) was calculated as the ratio of the liver SI to the
paraspinal muscle SI separately for unenhanced (SIRpre) and hepatobiliary-phase
(SIRpost) images. The CEI was calculated as SIRpost / SIRpre. The Youden index was used
to determine the optimal CEI value for NASH prediction, and two alternative cut-off
points were established.
The MRQuantif software (available at https://imagemed.univrennes1.fr/en/mrquantif/download.php from the imaging department of the
University Hospital of Rennes) was used to detect and quantify hepatic iron overload
using a multi-echo two-dimensional gradient echo sequence.

Statistical analysis
Statistical analyses were performed with SPSS software (version 23; SPSS Inc.,
Chicago, IL, United States). Categorical variables are presented as numbers and
percentages. The Shapiro–Wilk test was used to assess the distribution of continuous
data. Differences between patients with NASH and those with isolated steatosis were
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Figure 1 Axial magnetic resonance image showing the positions of regions of interest for the measurement of signal intensity of the
liver parenchyma and paravertebral muscles.

examined using mean values and Student’s t test for normally distributed continuous
variables, median values and the Mann–Whitney test for non - normally distributed
continuous variables, and the chi-squared test for categorical variables. To evaluate the
performance of GA-MRI in differentiating between NASH and isolated steatosis,
receiver operating characteristic curve analysis was performed to calculate the area
under the curve, sensitivity, and specificity. Cut-off points with 80%-90% sensitivity
and specificity were identified. P value < 0.05 were considered to be significant.

RESULTS
Demographic and clinical characteristics
During the study period, 59 consecutive patients diagnosed with NAFLD by
histopathology were prospectively invited to undergo MRI. Three patients were
excluded due to severe respiratory imaging artifacts. Of the 56 subjects included in the
analysis, 18 patients had isolated steatosis (33% male, 67% female; mean age, 57 ± 8
years) and 38 patients had NASH (24% male, 76% female; mean age, 57 ± 9 years). The
mean body weight of all patients was 84.2 ± 14.9 kg, and the mean BMI was 32.5 ± 5.1
kg/m2. The prevalences of diabetes, dyslipidemia (elevated triglyceride and decreased
high-density lipoprotein cholesterol concentrations), and hypertension were 73%, 86%,
and 88%, respectively, with no difference between the NASH and isolated steatosis
groups. Sex, age, BMI, and most laboratory values were also similar in the two groups.
The mean plasma level of alanine aminotransferase was significantly higher in patients
with NASH than in those with isolated steatosis. Baseline characteristics of the overall
study population are summarized in Table 1.

Histological characteristics
The biopsies were performed at a mean interval of 2.7 ± 1.5 mo before MRI. The mean
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Table 1 Baseline features of the study population and comparison of the isolated steatosis and nonalcoholic steatohepatitis groups
Characteristic

Total (n = 56)

Isolated steatosis (n = 18)

NASH (n = 38)

P value

Age, yr

57.5 ± 8.4

57.5 ± 8.0

57.5 ± 8.7

> 0.93

Sex, female

73.2

66.7

76.3

0.52

Body mass index, kg/m2

32.5 ± 5.1

31.6 ± 5.6

32.9 ± 4.9

0.37

Systemic arterial hypertension

87.5

94.4

84.2

0.40

Diabetes mellitus

72.7

83.3

67.6

0.33

Dyslipidemia

85.7

72.2

92.1

0.09

Triglycerides (mg/dL)

167.2 ± 7.6

167.9 ± 91.4

166.8 ± 70.2

0.99

Total cholesterol (mg/dL)

192.4 ± 41.2

195.9 ± 40.5

190.7 ± 41.9

0.66

Aspartate aminotransferase (U/L)

31.5 ± 16.0

24.8 ± 5.5

34.6 ± 18.3

0.07

Alanine aminotransferase (U/L)

48.8 ± 30.3

34.2 ± 11.5

55.7 ± 33.9

0.01

Gama-glutamyl transpeptidase (U/L)

77.7 ± 66.2

62.5 ± 43.6

84.8 ± 74.0

0.26

Total bilirubin (mg/dL)

0.56 ± 0.21

0.52 ± 0.15

0.57 ± 0.24

0.52

Albumin (g/dL)

4.1 ± 0.4

4.0 ± 0.3

4.1 ± .47

0.32

Data are reported as means with standard deviations or percentages. NASH: Nonalcoholic steatohepatitis.

length of the biopsy specimens was 17.8 ± 4.1 mm. Among the 18 patients with
isolated steatosis, 5.6% had severe steatosis, 22.2% had moderate steatosis, and 72.2%
had mild steatosis. No patient with isolated steatosis showed fibrosis. In the NASH
group, 23.7% of the 38 patients had severe steatosis, 65.8% had moderate steatosis, and
10.5% had mild steatosis. The proportion of moderate or severe steatosis was higher
among patients with NASH (P < 0.001). The distribution of fibrosis in the NASH group
was: F4, 7.9%; F3, 10.5%; F2, 5.3%; F1, 65.8%; and F0, 10.5%. The histological
characteristics of the liver biopsy samples are summarized in Table 2.

MRI characteristics
The mean CEI in the study population was 1.82 ± 0.19. The mean CEI was significantly
lower in the NASH group (1.78 ± 0.16) than in the isolated steatosis group (1.92 ± 0.22;
P = 0.008; Figure 2). The area under the receiver operating characteristic curve for the
distinction of the two groups was 0.68. The optimal CEI cut-off value was 1.76, which
resulted in a specificity of 83% and sensitivity of 47%. The CEI cut-off value of 1.66
showed 94% specificity and that of 2.00 showed 92% sensitivity for the diagnosis of
NASH (Table 3). The CEI did not differ according to the steatosis degree,
hepatocellular ballooning, lobular inflammation, or fibrosis stage.
The majority (89%) of patients did not present liver iron overload, with an estimated
liver iron concentration of 22.8 ± 10.4 µmol/g. The remaining patients (11%) had mild
iron overload, with no significant difference between the isolated steatosis and NASH
groups.

DISCUSSION
NAFLD is a major cause of liver disease worldwide (1) NASH is the most severe form
of NAFLD and is the leading cause of end-stage liver disease in many countries; (2)
The diagnosis of NASH is based on liver biopsy. Given its high prevalence (affecting
about 1/3 of the global population) and the potential for cirrhosis, noninvasive
methods for the early diagnosis of NASH are needed. In this study, we demonstrated
that GA-MRI could be useful for the evaluation of patients with NAFLD, as it allows
stratification according to the probabilities of NASH and isolated steatosis, thereby
avoiding liver biopsy in many patients.
We found that the CEI was significantly lower in patients with NASH than in those
with isolated steatosis, which facilitates differentiation between these entities. A main
factor that may explain this difference is the expression of liver cell transporters.
Multidrug resistance protein (MRP) transporters are responsible for GA excretion into
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Table 2 Histological characteristics by study group
Characteristic

Total (n = 56)

Isolated steatosis (n = 18)

NASH (n = 38)

0

-

100

10.5

1

-

-

65.8

2

-

-

5.3

3

-

-

10.5

4

-

-

7.9

1

30.4

72.2

10.5

2

51.8

22.2

65.8

3

17.8

5.6

23.7

Fibrosis stage

Steatosis grade

Values are percentages. NASH: Nonalcoholic steatohepatitis.

Table 3 Differentiation of nonalcoholic steatohepatitis from isolated steatosis using different contrast enhancement index cut-offs
CEI cut-off

Sensitivity (%)

Specificity (%)

1.66

32

94

1.76

47

83

2.00

92

28

CEI: Contrast enhancement index.

the biliary system and sinusoidal backflow[3,15]. Some rodent studies have shown
greater MRP transporter excretion expression in NASH models compared with
steatosis models[16,17]. Other rodent studies have demonstrated the ability to
differentiate isolated steatosis from NASH by comparing liver SI on images obtained
by GA-MRI[18,19]. We believe that expression of the MRP transporter is also increased in
patients with NASH, causing an increase in GA excretion by hepatocytes with a
consequent decrease in hepatobiliary-phase liver SI relative to that of patients with
isolated steatosis, reflected by the difference in the CEI between these groups.
Although the CEI differed significantly between the study groups, the cut-off point
identified by the Youden index showed low sensitivity, despite good specificity.
Therefore, we suggest two more extreme CEI cut-offs, one with greater sensitivity and
the other with greater specificity, which appear be more clinically useful for the
identification of patients with greater probability of having NASH or isolated steatosis.
The combined use of these cut-offs can avoid liver biopsy in 40% of patients who
undergo MRI, as it enables the identification of patients who should undergo more
aggressive treatment (i.e., those with steatohepatitis) and those who could be managed
mainly with lifestyle changes (i.e., those with isolated steatosis; Figure 3). Considering
the high prevalence of NAFLD in the global population, biopsy avoidance in 40% of
cases would be of great benefit, as liver biopsy is a procedure with high cost, risk of
complications, sampling error, and inter- and intra-rater variability. In addition, the
frequency of patients’ refusal to undergo biopsy exceeds 50% in some centers, and the
frequency of physician reluctance is as high as 30%[4]. The results of this study suggest
that the use of these two extreme CEI cut-off values allows the detection and exclusion
of NASH while maintaining high compliance among physicians and patients, as liver
biopsy would be indicated only for patients with CEIs falling between the suggested
cut-offs.
Only two human studies have examined the ability to differentiate isolated steatosis
from steatohepatitis using the liver SI after GA injection, with promising results[7,9].
However, these studies have limitations, including their retrospective designs. In
addition, the liver SI measurements were defined by an arbitrary scale, without
internal correction, in both studies, which prevents comparison of repeated
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Figure 2 Boxplot of contrast enhancement indices in the isolated steatosis and nonalcoholic steatohepatitis groups. CEI: Contrast
enhancement index.

Figure 3 Contrast enhancement index cut-offs values suggested. NASH: Nonalcoholic steatohepatitis; CEI: Contrast enhancement index.

examinations in the same patient or between different patients. In our study, we used
internal muscle correction, which increases reproducibility. In addition, neither of the
previous studies involved evaluation of the hepatic iron concentration, which could
lead to misclassification. The sample examined in one of the studies was small (25
patients)[9]. In the other study, heterogeneity of the groups impaired the analysis, as the
isolated steatosis group included patients in whom fibrosis was detected by
histopathology[7]. In addition, they did not propose cut-off points.
Given their average size, the biopsy samples examined in this study were
representative[20-22]. CEI values did not differ according to the steatosis degree (P =
0.45), hepatocellular ballooning (P = 0.33), or lobular inflammation (P = 0.84); the
proportion of each of these histopathological variables varied greatly in each NAFLD
patient, presumably influencing the outcomes of their separate analysis. In addition,
the CEI did not differ according to liver fibrosis (P = 0.18), probably due to the low
prevalence of fibrosis scores ≥ F2, and especially F4, which was observed in only three
patients; in previous studies, the degree of fibrosis has correlated inversely with liver
enhancement in patients with chronic liver disease of various etiologies[7,9,12,23,24]. As the
aim of the present study was to evaluate the ability of the CEI to differentiate simple
steatosis from NASH, we consider the inclusion of few cases of advanced fibrosis in
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our group to be an advantage.
The presence and level of liver iron concentration have been reported to influence
liver enhancement by GA in the hepatobiliary phase[25]. In our sample, only a few
patients presented mild hepatic iron overload (11%), with no significant difference
between groups. Liver iron deposition does not appear to have influenced our results.
This work has a few potential limitations. The major limitation is the relatively small
sample size. The sample was small due to the strict inclusion and exclusion criteria,
especially the selection only of patients who had undergone biopsy. However, our
sample was larger than the optimal sample size (n = 51), calculated with a high
significance level (0.01) and statistical power (0.99). In addition, most (68%) patients in
our sample had NASH, which is not typical for an NAFLD population. This
distribution occurred because patients selected for biopsy had more severe NAFLD.
We believe that this factor did not interfere with the achievement of our objective,
which was to assess the diagnostic ability of the CEI, derived from GA-MRI
examination, to differentiate NASH from isolated steatosis, rather than to examine the
prevalence of either disease. Similar to the situation in other studies[7-9], the interval
between liver biopsy and MRI was longer than ideal in this study.
To our knowledge, this work was the first prospective study to examine the ability
to differentiate isolated steatosis from NASH in patients with NAFLD using GA-MRI.
In addition to the prospective design, our methodology had other advantages; all
histological samples were of sufficient size and were analyzed by a single pathologist
with experience in hepatobiliary diseases, and all patients underwent MRI with the
same device and examination protocol, avoiding bias due to differences in histological
analysis, examination protocol, and MRI field strength. Furthermore, we used liver SI
values corrected by paravertebral muscle SI to increase reproducibility and allow
comparison of examinations in the same patient and between patients. In addition, we
used a simple method that is highly reproducible and broadly accessible for all
patients undergoing GA-MRI. Also, this is the first study that proposed cut-off points
of CEI to identify and exclude NASH, easily performed by radiologists.
Whereas patients with NAFLD usually undergo imaging examinations for overall
assessment of the hepatic parenchyma, the possibility of using GA-MRI as a
noninvasive and comprehensive diagnostic modality holds great promise.
Furthermore, the MRI scan has lower risk of complications, is cheaper, easier to
perform and more widely available when compared to liver biopsy. Although the
costs of medical procedures are highly variable in different countries, MRI scan seems
to result in a more favorable cost-benefit ratio considering all the complexity of liver
biopsy procedure.
In conclusion, patients with NASH have significantly lower CEIs in the
hepatobiliary phase of GA-MRI than do patients with isolated steatosis. Thus, this
preliminary study suggests that GA-MRI may be an effective noninvasive method for
the identification of patients for whom early intervention and more aggressive therapy
should be implemented and those with low probability of having NASH, avoiding
liver biopsy in up to 40% of the NAFLD population. Liver biopsy, the gold standard
method, would still be required for cases in which GA-MRI findings are inconclusive.
However, further studies with a larger sample size are warranted to validate the
proposed cut-off points.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease
worldwide, affecting up to 40% of the world population. It is characterized by fatty
liver infiltration, and encompasses a wide clinical spectrum, ranging from a relatively
benign isolated steatosis from potentially progressive nonalcoholic steatohepatitis
(NASH), liver fibrosis and cirrhosis.

Research motivation
The diagnosis of NASH is crucial and has prognostic and therapeutic implications.
Liver biopsy is currently the gold standard for diagnosing progressive NASH and has
several limitations, such as sampling error, cost, and risk of complications.
Abundant research has been performed to develop noninvasive diagnostic methods
for the early detection of NASH and its accurate differentiation from isolated steatosis,
due to the utmost clinical importance of this diagnosis.
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Research objectives
To evaluate the performance of gadoxetic acid–enhanced magnetic resonance imaging
(GA-MRI) to differentiate NASH in patients with NAFLD using histopathology as the
reference standard.

Research methods
In this prospective study, 56 patients with NAFLD (18 with isolated steatosis and 38
with NASH) underwent GA-MRI. Contrast enhancement index (CEI) was calculated
as the rate of increase of the liver-to-muscle signal intensity ratio before and 20 min
after intravenous GA administration. Between-group differences in mean CEI were
tested with the Student's t-test. Area under the receiver operator characteristic curve,
and the diagnostic performance of GA-MRI were evaluated.

Research results
The mean CEI for all subjects was 1.82 ± 0.19. The mean CEI was significantly lower in
patients with NASH than in those with isolated steatosis (P = 0.008). Two CEI cut-off
points were used: < 1.66 (94% specificity) to characterize NASH and > 2.00 (89%
sensitivity) to characterize isolated steatosis. CEI values between 1.66 and 2.00
indicated liver biopsy, and the procedure could be avoided in 40% of patients with
NAFLD.

Research conclusions
Patients with NASH have significantly lower CEIs in the hepatobiliary phase of GAMRI than do patients with isolated steatosis. This study suggests that GA-MRI may be
an effective noninvasive method for the identification of patients for whom early
intervention and more aggressive therapy should be implemented, avoiding liver
biopsy in up to 40% of the NAFLD population.

Research perspectives
The possibility of using GA-MRI as a noninvasive and comprehensive diagnostic
modality holds great promise. As it is a preliminary study, further prospective studies
with a larger sample size are warranted.
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Abstract
BACKGROUND
Although clinical use of sofosbuvir plus ribavirin has been approved for patients
infected with genotype 2 hepatitis C virus, patients ≥ 75-years-old have not been
included in previous clinical trials.
AIM
To evaluate the real-world safety and efficacy of sofosbuvir plus ribavirin for
elderly patients (≥ 75-years-old) compared to nonelderly patients, we conducted a
post-marketing prospective cohort study.
METHODS
We treated 265 patients with genotype 2 hepatitis C virus using standard
approved doses of sofosbuvir (400 mg/d) plus ribavirin adjusted by body weight,
administered orally for 12 wk.
RESULTS
Sustained virological response rates for the overall cohort, patients < 65-years-old,
≥ 65-years-old but < 75-years-old, and ≥ 75-years-old were 97% (258/265), 98%

https://www.wjgnet.com

672

September 27, 2020

Volume 12

Issue 9

Tamai H et al. Sofosbuvir and ribavirin for elderly patients

Conflict-of-interest statement: The
authors of this manuscript have no
conflicts of interest to disclose.

Data sharing statement: There is no
additional data available.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (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: htt
p://creativecommons.org/licenses
/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: April 10, 2020
Peer-review started: April 10, 2020
First decision: April 26, 2020
Revised: July 12, 2020
Accepted: July 26, 2020
Article in press: July 26, 2020
Published online: September 27,

(93/95), 97% (84/87), and 98% (81/83), respectively (P = 0.842). Logistic
regression analyses identified history of hepatocellular carcinoma treatment and
alpha-fetoprotein as factors significantly associated with sustained virological
response. Alpha-fetoprotein was the only independent factor identified. Sustained
virological response rate was significantly lower for patients with hepatocellular
carcinoma treatment (91%) than for patients without history of hepatocellular
carcinoma treatment (98%, P = 0.004). One patient (0.4%) discontinued treatment
due to drug-induced pneumonia. Dose reduction or interruption of ribavirin was
required for 12.1% (32/265) of patients because of anemia, including 7.7%
(14/182) of patients < 75-years-old and 21.7% (18/83) of patients ≥ 75-years-old (P
= 0.002).
CONCLUSION
Although ribavirin dose reduction or interruption was required with advanced
age, sofosbuvir plus ribavirin appears tolerable and highly effective even in
patients ≥ 75-years-old.
Key Words: Hepatitis C virus; Genotype 2; Sofosbuvir; Ribavirin; Elderly patients;
Cirrhosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: This was a multicenter post-marketing prospective cohort study of sofosbuvir
plus ribavirin therapy for patients with genotype 2 hepatitis C virus in a real-world clinical
setting. Combination therapy using sofosbuvir plus ribavirin was tolerable and highly
effective even in elderly patients ≥ 75-years-old.
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INTRODUCTION
Although interferon (IFN)-based therapy was standard for hepatitis C virus (HCV)
infection for many years, clinical trials of IFN-free direct-acting antiviral agent (DAA)
regimens using sofosbuvir and ribavirin for patients with genotype 2 HCV have been
reported from Western countries since 2013[1-3]. Those clinical trials demonstrated
higher viral eradication rates and lower discontinuation rates than IFN-based
therapies, and treatment-related health-related quality of life impairment during
treatment was reportedly mild in these clinical trials[4]. However, patients ≥ 75-yearsold were not included in the sofosbuvir plus ribavirin regimen of those clinical trials.
In May 2015, clinical use of combination therapy comprising sofosbuvir and ribavirin
was approved as the first IFN-free therapy for patients infected with genotype 2 HCV
in Japan[5]. This therapy was well tolerated and achieved a high sustained virological
response (SVR) rate of 96% in a Japanese Phase III trial. However, patients ≥ 75-yearsold were again not included in that trial. The safety and effectiveness of sofosbuvir
plus ribavirin for elderly patients ≥ 75-years-old has thus remained unclear.
In real-world settings, elderly patients ≥ 75-years-old represent a substantial and
growing population and carry a high risk of advanced liver diseases such as cirrhosis
and hepatocellular carcinoma (HCC). These patients should be treated as soon as
possible. However, ribavirin has various specific side effects that affect tolerability,
such as hemolytic anemia, fatigue, cough, depression, and chest pain[6,7], whereas
sofosbuvir is tolerable with minimal adverse effects[8]. In our previous study of lowdose pegylated IFN plus ribavirin therapy for elderly and/or cirrhotic patients
infected with HCV genotype 2, drug dose reduction or interruption rates among
nonelderly cirrhotic patients, elderly noncirrhotic patients, and elderly cirrhotic
patients were all relatively high (65%, 63%, and 77%, respectively)[9]. A high risk of
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ribavirin dose reduction or interruption and lower effectiveness in elderly patients can
thus be expected even with sofosbuvir plus ribavirin therapy. To evaluate the realworld safety and efficacy of sofosbuvir plus ribavirin for elderly patients ≥ 75-yearsold compared to nonelderly patients, we conducted a post-marketing prospective
cohort study.

MATERIALS AND METHODS
Patients
This was a multicenter prospective cohort study. Between June 2015 and June 2017, all
patients at Wakayama Medical University Hospital, Naga Municipal Hospital, Hidaka
General Hospital, and Wakayama Rosai Hospital who were eligible were enrolled in
the present study. The inclusion criterion was infection with HCV genotype 2.
Exclusion criteria were any of following: (1) Infection with genotypes other than
genotype 2; (2) Hemoglobin concentration < 10 g/dL; (3) Estimated glomerular
filtration rate < 30 mL/min/1.73 m2; (4) Decompensated cirrhosis (Child-Pugh class B
or C); and (5) Any form of cancer. However, patients who had received curative cancer
treatments were not excluded from this study. Therefore, patients with HCC who had
undergone surgical resection or ablation therapy were included in this study.
Liver cirrhosis was diagnosed clinically from liver biopsy or imaging studies such as
ultrasonography, contrast-enhanced computed tomography, and/or magnetic
resonance imaging using morphological signs of cirrhosis from portal hypertension,
such as portosystemic shunt or hypersplenism. Sample size for the present study was
determined by practicability but was planned to exceed the number of patients
analyzed in the Japanese phase III trial[5]. All study protocols were approved by the
ethics committees of the participating hospitals. Written informed consent was
obtained from all patients included in this study. The present study was registered on
the University Hospital Medical Information Network (trial ID: 000023269).

Treatment regimens
Standard approved doses of 400 mg sofosbuvir (Sovardi, Gilead, TKY, Japan) plus
ribavirin (Copegus, Chugai Pharmaceutical, TKY, Japan or Rebetol, MSD, TKY, Japan)
adjusted by body weight (1000 mg/d for patients weighing > 80 kg, 800 mg/d for
patients weighing ≤ 80 but ≥ 60 kg, and 600 mg/d for patients weighing < 60 kg) were
orally administered for 12 wk. If hemoglobin level fell to < 10 g/dL, ribavirin dose was
reduced to 200 mg/d, and if hemoglobin level fell to < 8.5 g/dL, ribavirin was
discontinued. If the attending physician judged this treatment as difficult to continue
due to adverse events, both sofosbuvir and ribavirin were discontinued.

Laboratory test
HCV-RNA load was measured using quantitative reverse transcription polymerase
chain reaction (COBAS TaqMan PCR assay version 2; Roche Diagnostics, Branchburg,
NJ, United States). HCV genotype was determined using the antibody serotyping
method (SRL, TKY, Japan). HCV serotypes 1 and 2 correspond to genotypes 1a/1b and
2a/2b, respectively. When HCV serotype could not be determined, genotype was
examined using real-time polymerase chain reaction assay (BML, TKY, Japan). HCVRNA was checked on the day of therapy initiation and every 4 wk during treatment.
Biochemical analyses including blood cell counts, C-reactive protein level, blood sugar
level, and liver and renal function tests were performed every 2 wk during treatment.

Assessment of effectiveness
Rapid virological response (RVR) was defined as serum HCV-RNA negativity in week
4 after therapy initiation. End-of-treatment response was defined as serum HCV-RNA
negativity in week 12 after therapy initiation. SVR was defined as HCV-RNA
negativity at 24 wk after the end of therapy. The primary end point of this study was
SVR at 24 wk after the end of therapy. Treatment failure was defined as non-SVR.

Assessment of safety and tolerability
Patients were assessed for the safety and tolerability of treatment by attending
physicians who monitored adverse events and laboratory parameters such as blood
cell counts and liver and renal function tests every 2 wk. Adverse events were assessed
according to Common Terminology Criteria for Adverse Events version 4.0. The
incidence of and reasons for therapy discontinuation or interruption due to adverse
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events were analyzed.

Statistical analysis
Therapeutic efficacy was evaluated using an intention-to-treat analysis. The MannWhitney U test or the t-test was used to analyze continuous variables. Fisher’s exact
test or the chi-square test was used to analyze categorical variables. Logistic regression
analysis for univariate comparisons was performed to investigate factors contributing
to SVR. When multiple factors were significant from univariate analyses, multivariate
analysis was also performed to identify independent factors. Values of P < 0.05 were
considered statistically significant. SPSS for Windows version 24J statistical software
(SPSS, TKY, Japan) was used for all data analyses.

RESULTS
Baseline characteristics of patients
A total of 265 patients met the inclusion and exclusion criteria and were enrolled in the
present study. Although one patient discontinued treatment due to an adverse event,
all enrolled patients completed follow-up for evaluation of safety and effectiveness.
Patient characteristics are summarized in Table 1. Median age was 68-years-old (range,
17-86 years), and the cohort was comprised of 150 male and 115 female patients.
Patients ≥ 75-years-old, cirrhotic patients, patients with moderate chronic kidney
disease (defined as estimated glomerular filtration rate < 60 mL/min/1.73 m2),
patients with a history of HCC treatment, and patients with a history of pegylated IFN
plus ribavirin therapy accounted for 31%, 34%, 20%, 12%, and 15%, respectively.
Median baseline hemoglobin level was 13.6 g/dL (range, 10.2-20.1 g/dL).

Comparison of pre-treatment factors between patients ≥ 75-years-old and < 75years-old
A comparison of pre-treatment factors between patients ≥ 75-years-old and < 75-yearsold is shown in Table 2. Significant differences were seen in height, weight, body mass
index, cirrhosis, chronic kidney disease, history of HCC treatment, white blood cells,
hemoglobin, platelets, alanine aminotransferase, γ-glutamyl transferase, alphafetoprotein (AFP) levels, and estimated glomerular filtration rate.

Treatment response
SVR rates overall and according to age groups are shown in Figure 1. SVR rates for the
overall cohort, patients < 65-years-old, patients ≥ 65-years-old but < 75-years-old, and
patients ≥ 75-years-old were 97% (258/265), 98% (93/95), 97% (84/87), and 98%
(81/83), respectively. No significant differences were observed among age groups (P =
0.842).
A comparison of the viral negativity rate between patients ≥ 75-years-old and < 75years-old during treatment is shown in Figure 2. RVR rates for patients ≥ 75-years-old
and < 75-years-old groups were 84% and 89%, respectively. Although RVR rate tended
to be higher in patients ≥ 75-years-old than in patients < 75-years-old, the difference
was not significant (P = 0.266). End-of-treatment response rates of patients ≥ 75-yearsold and < 75-years-old were 99% and 100%, respectively. No significant difference was
apparent between groups (P = 1.000).
SVR rates according to background factors are summarized in Figure 3. Although
no significant difference was seen in comparisons of SVR rates according to sex,
cirrhosis, elderly cirrhosis, IFN plus ribavirin therapy, anemia (hemoglobin < 12
g/dL), or chronic kidney disease, a significant difference was seen between patients
with and without a history of HCC treatment (P = 0.004). In patients ≥ 75-years-old
with a history of IFN plus ribavirin therapy, all patients achieved SVR (100%; 14/14).
In patients ≥ 75-years-old with cirrhosis, the SVR rate was 98% (40/41).

Factors contributing to SVR
Results of logistic regression analysis to investigate factors contributing to SVR are
shown in Table 3. On univariate analyses, a history of HCC treatment and AFP were
factors significantly contributing to SVR. Multivariate analyses revealed AFP as the
only factor independently associated with SVR.
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Table 1 Patient characteristics
n = 265
Age in yr

68 (17-86)

≥ 75 yr

83 (31%)

Sex as male/female

150/115 (57%/43%)

Cirrhosis

91 (34%)

Moderate chronic kidney disease, eGFR < 60 mL/min/1.73 m

2

53 (20%)

History of HCC treatment

33 (12%)

History of pegylated IFN + ribavirin therapy

39 (15%)

Height in cm

160.2 (134.0-182.0)

Weight in kg

58.0 (32.3-99.3)
2

BMI in kg/m

22.6 (15.5-35.0)

Baseline HCV-RNA in logIU/mL

6.0 (1.4-7.4)

3

WBC as /mm

5000 (1810-13260)

Hb in g/dL

13.6 (10.2-20.1)

Platelets as × 104/mm3

16.2 (4.6-38.9)

AST in IU/L

43 (12-257)

ALT in IU/L

39 (6-394)

γ-GT in IU/L

32 (5-898)

eGFR

73 (31-156)

AFP in ng/mL

4.3 (1.0-88.3)

Values are expressed as median (range) or numbers (percentage). γ-GT: γ-glutamyl transferase; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; HCC: Hepatocellular carcinoma;
HCV: Hepatitis C virus; HCV-RNA: Hepatitis C virus-ribonucleic acid; IFN: Interferon; WBC: White blood cells.

Treatment failure
Non-SVR was shown in seven patients (3%). Factors between patients with and
without SVR are compared in Table 4. When drug adherence was defined as a
percentage of the actual administered dose to the planned dose, RVR adherence was
not identified as significantly related to non-SVR. History of HCC treatment was the
only factor significantly related to non-SVR.

Safety and tolerability
The discontinuation rate due to adverse events was 0.4% (1/256). The reason for
discontinuation was drug-induced pneumonitis with positive results for sofosbuvir on
drug-induced lymphocyte stimulation testing. Adverse event profiles for the overall
cohort, patients ≥ 75-years-old, and patients < 75-years-old are shown in Table 5. The
most frequent adverse event other than anemia was elevated uric acid level (Grade 1).
No severe liver injury or exacerbation of renal dysfunction was seen. A similar safety
profile was observed between patients ≥ 75-years-old and < 75-years-old, except for
ribavirin dose reduction or interruption due to anemia. Median ribavirin adherence
was significantly lower for patients ≥ 75-years-old (96.8%) than for patients < 75-yearsold (100%, P = 0.001). Ribavirin dose reduction or interruption was required in 12.1%
(32/265) of patients because of anemia, and anemia appeared in 7.7% (14/182) of
patients < 75-years-old, and 21.7% (18/83) of patients ≥ 75-years-old. A significant
difference in ribavirin dose reduction or interruption rate was also seen between
groups (P = 0.002).
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Table 2 Comparison of pre-treatment factors between patients ≥ 75-years-old and < 75-years-old
Factors

Patients ≥ 75-yr-old, n = 83

Patients < 75-yr-old, n = 182

P value

Age in yr

79 (75-86)

64 (17-74)

< 0.001

Sex as male/female

42/41 (51%/49%)

108/74 (59%/41%)

0.183

Height in cm

156.7 (134.0-170.0)

162.0 (140.0-182.0)

< 0.001

53.5 (32.3-81.4)

60.0 (37.6-99.3)

< 0.001

22.2 (15.5-29.5)

23.1 (16.5-35.0)

0.009

41 (49%)

50 (28%)

< 0.001

CKD, eGFR < 60 mL/min/1.73 m

28 (34%)

25 (14%)

< 0.001

History of HCC treatment

18 (22%)

15 (8%)

0.002

History of IFN-based therapy

21 (25%)

42 (23%)

0.693

HCV-RNA as logIU/mL

6.1 (2.3-7.3)

5.9 (1.4-7.4)

0.894

WBC in mm

4540 (1810-13260)

5200 (2200-11400)

0.004

Hb in g/dL

12.9 (10.2-20.1)

14.1 (10.6-17.6)

< 0.001

Platelets as × 104/mm3

14.2 (4.9-32.8)

17.4 (4.6-38.9)

< 0.001

AST in IU/L

40 (14-183)

42 (12-252)

0.589

ALT in IU/L

30 (6-139)

44 (6-394)

< 0.001

γ-GT in IU/L

25 (7-361)

37 (5-888)

0.001

AFP in ng/mL

3.9 (1-32.9)

4.8 (1.1-88.3)

0.014

eGFR

66.0 (33.0-106.9)

77.6 (30.9-156.0)

< 0.001

Weight in kg
2

BMI in kg/m
Cirrhosis

2

3

Values are expressed as median (range) or number (percentage). γ-GT: γ-glutamyl transferase; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; BMI: Body mass index; CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; HCC:
Hepatocellular carcinoma; HCV: Hepatitis C virus; HCV-RNA: Hepatitis C virus-ribonucleic acid; IFN: Interferon; WBC: White blood cells.

DISCUSSION
This was a multicenter post-marketing prospective cohort study of sofosbuvir plus
ribavirin therapy for patients infected with genotype 2 HCV in a real-world clinical
setting. In the present study, 31% of patients were ≥ 75-years-old, and 12% had a
history of HCC treatment. Furthermore, 34% of enrolled patients had cirrhosis, and
20% had moderate chronic kidney disease.
Although some real-world data based on post-marketing cohort studies of
sofosbuvir plus ribavirin have been reported, few reports have evaluated safety and
efficacy for patients ≥ 75-years-old. Regarding safety, Ogawa et al[10] indicated that the
frequency of adverse effects was higher for a ≥ 65-year-old group (18.9%) than for the
< 65-year-old group (4.3%, P < 0.001). However, discontinuation of all drugs was
required for only 3 of the 446 patients (0.7%)[10]. Atsukawa et al[11] indicated that the
incidence of anemia increased significantly with age, and ribavirin dose reduction rate
increased sharply in patients > 70-years-old[11]. Anemia during treatment occurred in
10.6% (23/218) of patients < 75-years-old, and in 48.1% (25/52) of patients ≥ 75-yearsold[11]. However, none of those 270 patients discontinued use of either ribavirin or
sofosbuvir[11]. In the present study, although dose reduction or interruption of ribavirin
due to anemia was required in 21.7% of patients ≥ 75-years-old and 7.7% of patients <
75-years-old, treatment discontinuation was required for only one patient (0.4%).
Therefore, although careful monitoring of anemia and ribavirin dose adjustment is
necessary to avoid discontinuation of therapy, this treatment appears tolerable even in
patients ≥ 75-years-old.
Regarding efficacy, Nishida et al[12] reported that although the difference was not
significant, patients ≥ 75-years-old tended to show a lower SVR rate than patients < 75years-old (81.3%, 13/16 for patients ≥ 75-years-old; 96.0%, 24/25 for patients < 75years-old)[12]. Atsukawa et al[11] showed SVR rates of 98.1% (51/51) for patients ≥ 75years-old and 96.8% (211/218) for patients < 75-years-old (P = 0.999)[11]. Ogawa et al[10]
reported that although SVR12 was achieved by 95% (69/73) of patients > 75-years-old,
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Table 3 Uni- and multivariate analyses of pre-treatment factors contributing to sustained virological response
Univariate

Multivariate

Factors

P value

OR

95%CI

Age, per 1-yr increase

0.782

0.991

0.931-1.055

≥ 75 yr

0.874

1.144

0.217-6.022

Sex, female

0.977

1.023

0.224-4.663

Height, per 1-cm increase

0.316

0.957

0.879-1.043

Weight, per 1-kg increase

0.568

0.982

0.924-1.044

BMI, per 1-kg/m increase

0.929

0.990

0.792-1.238

Cirrhosis

0.214

0.382

0.084-1.743

CKD, eGFR > 60 mL/min/1.73
m2

0.569

0.616

0.116-3.266

History of HCC treatment

0.027

0.175

0.037-0.822

History of IFN-based therapy

0.763

0.774

0.146-4.091

HCV-RNA, per 1-logIU/mL
increase

0.644

0.831

0.380-1.821

WBC in mm3

0.703

1.009

0.963-1.057

0.196

1.411

0.837-2.380

0.790

0.984

0.873-1.109

AST, per 1-IU/L increase

0.552

1.007

0.983-1.033

ALT, per 1-IU/L increase

0.608

1.005

0.987-1.023

γ-GT, per 1-IU/L increase

0.490

1.007

0.987-1.027

0.004

0.955

0.926-0.985

0.124

1.036

0.990-1.083

2

Hb, per 1-g/dL increase
4

Platelets, per 1 × 10 /mm
increase

3

AFP, per 1-ng/mL increase
2

eGFR, per 1-mL/min/1.73 m
increase

P value

OR

95%CI

0.072

0.225

0.044-1.145

0.015

0.959

0.926-0.992

γ-GT: γ-glutamyl transferase; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CI:
Confidence interval; CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; HCC: Hepatocellular carcinoma; HCV:
Hepatitis C virus; HCV-RNA: Hepatitis C virus-ribonucleic acid; IFN: Interferon; OR: Odds ratio; WBC: White blood cells.

the SVR12 rate was significantly lower in cirrhotic patients > 75-years-old with a
history of IFN treatment (73.3%, 11/15) than in noncirrhotic patients > 75-years-old
(100%, 17/17; P < 0.01)[10]. In the present study, the SVR rate of patients ≥ 75-years-old
was 98% (81/83). Among patients ≥ 75-years-old with a history of IFN plus ribavirin
therapy, the SVR rate was 100% (14/14). Furthermore, the SVR rate of cirrhotic
patients ≥ 75-years-old was also extremely high (98%, 40/41). From these results, a
high SVR rate (> 95%) would be expected even in patients ≥ 75-years-old, irrespective
of cirrhosis or history of IFN treatment.
Discontinuation of pharmacotherapy[13], history of HCC[10,13], cirrhosis (advanced
fibrosis)[10,14,15], renal dysfunction[16], history of IFN-based treatment[10,15], lower serum
albumin, and ribavirin dose at baseline[14] have all been reported as factors associated
with non-SVR of sofosbuvir plus ribavirin. Hirosawa et al[13] indicated that the risk
factor most strongly associated with non-SVR was a history of HCC treatment (odds
ratio: 9.29)[13]. In the present study, a history of HCC treatment and AFP were factors
significantly associated with SVR on univariate analysis, and AFP was the only
independent factor on multivariate analyses. High serum AFP levels in patients
without HCC have been associated with advanced liver fibrosis and a risk of HCC
occurrence[17,18]. Sofosbuvir plus ribavirin might thus be less effective in cases showing
advanced liver fibrosis. Patients with a history of HCC treatment or high AFP level
should probably be treated using some other ribavirin-free DAA therapy.
In recent HCV treatment guidelines from Western countries, sofosbuvir plus
ribavirin therapy is no longer recommended because of the adverse effects of ribavirin
and the relatively lower SVR rate compared to other DAA therapies[14,19,20]. In fact, the
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Table 4 Comparison of factors between patients with and without sustained virological response
Factors

SVR, n = 258

Non-SVR, n = 7

P value

Age in yr, n (range)

68 (17-86)

74 (39-79)

0.682

Sex as male/female

146/112

4/3

1.000

Height in cm

160.1 (134.0-182.0)

161.5 (155.0-177.0)

0.350

58.0 (32.3-99.3)

63.2 (54.0-66.2)

0.267

BMI in kg/m

22.6 (15.5-38.0)

22.6 (20.2-25.9)

0.778

Cirrhosis

87

4

0.237

CKD

51

2

0.630

History of HCC treatment

30

3

0.044

History of IFN-based therapy

61

2

0.672

HCV-RNA as logIU/mL

6.1 (2.7-7.6)

6.3 (3.3-7.0)

0.713

5005 (1810-13260)

4100 (2260-8700)

0.581

Hemoglobin in g/dL

13.6 (10.2-20.1)

12.5 (11.6-14.7)

0.793

Platelets as × 104/mm3

16.2 (4.6-38.9)

14.9 (9.9-30.3)

0.930

AST in IU/L

42 (12-252)

37 (19-90)

0.789

ALT in IU/L

39 (6-394)

57 (19-79)

0.843

γ-GTP in IU/L

32 (5-888)

36 (13-461)

0.942

5.2 (1.0-445.0)

10.6 (1.3-29.7)

0.521

73.1 (30-240.2)

72.2 (50.5-105.8)

0.166

100 (28-100)

100 (100-100)

0.323

Body weight in kg
2

White blood cells as /mm

3

AFP in ng/mL
eGFR in mL/min/1.73 m
Ribavirin adherence in %

2

Values are expressed as median (range) or number of patients. γ-GTP: γ-glutamyl transferase; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; BMI: Body mass index; CKD: Chronic renal disease; eGFR: Estimated glomerular filtration rate; HCC: hepatocellular
carcinoma; HCV: Hepatitis C virus; HCV-RNA: Hepatitis C virus-ribonucleic acid; IFN: Interferon; SVR: Sustained virological response.

real-life SVR rate from nationwide German data was lower compared to SVR rates of
clinical trials (83% in intention-to-treat analysis)[21]. Recently, ribavirin-free DAA
therapies such as glecaprevir plus pibrentasvir, and sofosbuvir plus ledipasvir have
also been approved for use in patients with HCV genotype 2 in Japan[22,23]. These
therapies have shown no adverse effects due to ribavirin and have thus become firstline treatments. These therapies also represent rescue treatments for patients with
sofosbuvir plus ribavirin failure. However, in consensus statements and
recommendations on the treatment of hepatitis C from the Asian-Pacic Association
for the Study of the Liver, sofosbuvir plus weight-based ribavirin for 12 wk is
recommended as a first-line treatment, and ledipasvir and sofosbuvir for 12 wk is
recommended for treatment-naïve HCV genotype 2 patients who cannot tolerate
ribavirin[24]. In addition, SVR rates from Asian real-world data were similar to those of
the phase III trial[25]. Sofosbuvir plus ribavirin therapy offers advantages in terms of
both cost and real-world evidence.
Some limitations need to be considered for the present study. First, some selection
biases would be present. Second, the number of patients may not have been sufficient
to reach definitive conclusions regarding safety and effectiveness in patients ≥ 75years-old. Third, reasons for failure of this therapy could not be clarified by our
analysis because the number of patients who did not achieve SVR was too small.
Furthermore, sofosbuvir-specic resistance-associated substitutions (RASs) were not
tested for in this study. The prevalence of the naturally occurring RAS·S282T, as the
only known variant conferring sofosbuvir resistance in vitro, is reportedly rare in
genotype 2 (0.22%)[26]. However, RAS·A150V has recently been found to be associated
with reduced response to treatment with sofosbuvir and ribavirin and has appeared in
genotype 2a (13.8%) and genotype 2b (1.03%)[26]. In addition, the naturally occurring
nucleoside inhibitor-specific RASs (E237G, M289I/L, L320 F, and V321A/I) are also
found in genotype 2[26]. The influence of these preexisting RASs on SVR should be
analyzed using a larger number of cases with treatment failure.
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Table 5 Adverse events during treatment
Total,n = 265 Patients ≥ 75-yr-old, n = 83 Patients < 75-yr-old, n = 182 P value
Treatment discontinuation due to adverse events

1

1 (0.4%)

1 (1.2%)

0

0.313

Dose reduction or interruption of ribavirin due to anemia2

32 (13.2%)

18 (21.7%)

14 (7.7%)

0.002

Dermatitis

9 (3.4%)

1 (1.2%)

8 (4.4%)

0.281

Depression

3 (1.1%)

1 (1.2%)

2 (0.5%)

1.000

Headache

4 (1.5%)

0

4 (2.2%)

0.313

Infection

4 (1.5%)

1 (1.2%)

3 (1.6%)

1.000

Other adverse events

11 (4.2%)

5 (6.0%)

6 (3.3%)

0.328

Elevated bilirubin level

2 (0.8%)

1 (1.2%)

1 (0.5%)

0.529

Elevated transaminase level

4 (1.5%)

2 (2.4%)

2 (1.1%)

0.592

Elevated serum ammonia level

5 (1.9%)

2 (2.4%)

3 (1.6%)

0.650

Elevated uric acid level

26 (9.8%)

10 (12.0%)

16 (8.8%)

0.504

1

Drug-induced pneumonitis with positivity to sofosbuvir on drug-induced lymphocyte stimulation test.
Significant difference between patients ≥ 75-years-old and < 75-years-old (P < 0.01).

2

Figure 1 Sustained virological response rates according to age groups. The sustained virological response rates for the overall cohort, patients < 65years-old, patients ≥ 65-years-old but < 75-years-old, and patients ≥ 75-years-old are 97% (258/265), 98% (93/95), 97% (84/87), and 98% (81/83), respectively. No
significant differences are apparent among age groups (P = 0.842).

Sofosbuvir and ribavirin represent an acceptable and effective treatment even for
patients ≥ 75-years-old in a real-world setting. An extremely high SVR rate can be
achieved when adequate management for adverse effects is performed to avoid
discontinuation of treatment, irrespective of age.
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Figure 2 Comparison of viral negativity rates between patients ≥ 75-years-old and < 75-years-old during treatment. Rapid virological response
rates of patients ≥ 75-years-old and < 75-years-old are 84% and 89%, respectively. Although rapid virological response rates tend to be higher in patients ≥ 75-yearsold than in patients < 75-years-old, the difference is not significant (P = 0.266). End-of-treatment response rates for patients ≥ 75-years-old and < 75-years-old are
99% and 100%, respectively. No significant difference is seen between groups (P = 1.000).

Figure 3 Sustained virological response rates according to background factors. Although no significant differences are seen in comparisons of
sustained virological response rates according to sex, cirrhosis, elderly cirrhosis, interferon plus ribavirin therapy, anemia (hemoglobin < 12 g/dL), or chronic kidney
disease (estimated glomerular filtration rate < 60 mL/min/1.73 m2), a significant difference is evident between patients with and without a history of hepatocellular
carcinoma treatment (P = 0.004). CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; HCC: Hepatocellular carcinoma.
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ARTICLE HIGHLIGHTS
Research background
In real-world settings, elderly patients infected with hepatitis C virus (HCV) represent
a substantial and growing population and carry a high risk of advanced liver diseases
such as cirrhosis and hepatocellular carcinoma. Therefore, these patients should be
treated as soon as possible. Clinical trials of interferon-free direct-acting antiviral agent
regimens using sofosbuvir and ribavirin for patients with genotype 2 HCV have been
reported since 2013. However, patients ≥ 75-years-old were not included in the
sofosbuvir plus ribavirin regimen of those clinical trials. The safety and effectiveness
of sofosbuvir plus ribavirin for elderly patients ≥ 75-years-old has thus remained
unclear.

Research motivation
In recent HCV treatment guidelines from Western countries, sofosbuvir plus ribavirin
therapy is no longer recommended because of the adverse effects of ribavirin and the
relatively lower sustained viral response (SVR) rate compared to other direct-acting
antiviral agent therapies. However, in consensus statements and recommendations on
the treatment of hepatitis C from the Asian-Pacic Association for the Study of the
Liver, sofosbuvir plus weight-based ribavirin for 12 wk is recommended as a first-line
treatment, and SVR rates from Asian real-world data were similar to those of the phase
III trial. Sofosbuvir plus ribavirin therapy also offers advantages in terms of both cost
and real-world evidence. The real-world safety and efficacy of sofosbuvir plus
ribavirin for elderly patients ≥ 75-years-old can provide useful information regarding
treatment strategy for elderly patients with HCV in the Asia-Pacific region.

Research objectives
The aim of the present study is to evaluate the real-world safety and efficacy of
sofosbuvir plus ribavirin for elderly patients ≥ 75-years-old compared to non-elderly
patients

Research methods
This is a multicenter post-marketing prospective cohort study of sofosbuvir plus
ribavirin therapy for patients infected with genotype 2 HCV in a real-world clinical
setting. We treated 265 patients with genotype 2 HCV using standard approved doses
of sofosbuvir (400 mg/d) plus ribavirin adjusted by body weight, administered orally
for 12 wk. In the present study, 31% of patients were ≥ 75-years-old, and 12% had a
history of hepatocellular carcinoma (HCC) treatment. Furthermore, 34% of enrolled
patients had cirrhosis, and 20% had moderate chronic kidney disease. The primary
end point of the present study was SVR at 24 wk after the end of therapy.

Research results
Regarding efficacy, SVR rates for the overall cohort, patients < 65-years-old, ≥ 65years-old but < 75-years-old, and ≥ 75-years-old were 97% (258/265), 98% (93/95), 97%
(84/87), and 98% (81/83), respectively (P = 0.842). Among patients ≥ 75-years-old with
a history of interferon plus ribavirin therapy, the SVR rate was 100% (14/14).
Furthermore, the SVR rate of cirrhotic patients ≥ 75-years-old was also extremely high
(98%, 40/41). From these results, a high SVR rate (> 95%) would be expected even in
patients ≥ 75-years-old, irrespective of cirrhosis or history of interferon treatment.
Logistic regression analyses identified history of HCC treatment and alpha-fetoprotein
as factors significantly associated with SVR. SVR rate was significantly lower for
patients with HCC treatment (91%) than for patients without history of HCC treatment
(98%, P = 0.004). Regarding safety, although dose reduction or interruption of ribavirin
due to anemia was required in 21.7% of patients ≥ 75-years-old and 7.7% of patients <
75-years-old, treatment discontinuation was required for only one patient (0.4%).
Therefore, this treatment appears tolerable even in patients ≥ 75-years-old.

Research conclusions
Sofosbuvir and ribavirin represent an acceptable and effective treatment even for
patients ≥ 75-years-old in a real-world setting. An extremely high SVR rate can be
achieved when adequate management for adverse effects is performed to avoid
discontinuation of treatment, irrespective of age.
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Research perspectives
Sofosbuvir plus ribavirin might be less effective in patients with a history of HCC
treatment or high alpha-fetoprotein level, irrespective of age. These patients should
probably be treated using some other ribavirin-free direct-acting antiviral agent
therapy.
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Abstract
BACKGROUND
Myotonic dystrophy (MD) is sometimes accompanied by metabolic/endocrine
disorders, including dyslipidemia, central obesity, and hypogonadism. Due to
considerable individual differences in the severity and progression of myopathy,
MD patients with minimal-to-mild muscle symptoms might be followed as
having other diseases, such as non-alcoholic fatty liver disease (NAFLD).
CASE SUMMARY
A 40-year-old non-obese man without a history of regular ethanol consumption
was referred to our hospital due to persistent liver dysfunction and
hyperlipidemia. His body mass index was 23.4 kg/m2. Liver histology
demonstrated macrovesicular steatosis, ballooned hepatocytes with eosinophilic
inclusion bodies, and perisinusoidal fibrosis, leading to the diagnosis of nonalcoholic steatohepatitis (NASH). Although he had no discernable muscle pain or
weakness, persistently high serum creatine kinase (CK) and myoglobin levels as
well as the presence of frontal baldness, a hatched face, history of cataract surgery,
and grip myotonia indicated the possibility of MD. Southern blotting of the
patient’s DNA revealed the presence of CTG repeats, confirming the diagnosis.
CONCLUSION
When gastroenterologists encounter NAFLD/NASH patients, serum CK should
be verified. If hyperCKemia, frontal baldness, a hatched face, history of cataract
surgery, and grip myotonia are noted, the possibility of MD may be considered.
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Core Tip: We describe a patient with non-alcoholic steatohepatitis (NASH) who was later
diagnosed as having myotonic dystrophy (MD). Some MD patients with minimal-to-mild
muscle symptoms may be misdiagnosed as having non-alcoholic fatty liver disease
(NAFLD). Therefore, when gastroenterologists encounter patients with NAFLD/NASH,
serum creatine kinase (CK) should be verified. If high serum CK levels persist in the
presence of frontal baldness, a hatched face, history of cataract surgery, and grip
myotonia, the possibility of MD may be considered.
Citation: Tanaka N, Kimura T, Fujimori N, Ichise Y, Sano K, Horiuchi A. Non-alcoholic fatty
liver disease later diagnosed as myotonic dystrophy. World J Hepatol 2020; 12(9): 685-692
URL: https://www.wjgnet.com/1948-5182/full/v12/i9/685.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i9.685

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common cause of persistent liver
dysfunction and is defined as the presence of hepatic steatosis without regular
consumption of ethanol or drugs[1,2]. For the diagnosis of NAFLD, other causes of
chronic liver injury, such as hepatitis virus infection, bacterial and parasitic infection,
autoimmunity, drugs and toxicants, hemochromatosis, Wilson disease, and citrin
deficiency should be excluded. Additionally, the possibility of secondary NAFLD,
including gastrointestinal/pancreatic surgery, hypothyroidism, hyperadrenalism, and
pancreatic exocrine insufficiency, needs to be carefully surveyed[3,4].
Although it is accepted that endocrine/metabolic disorders are closely associated
with the development of NAFLD, the relationship between myopathy and NAFLD has
not been fully addressed. Among several types of myopathy, myotonic dystrophy
(MD) is often accompanied by metabolic/endocrine disorders, such as dyslipidemia,
central obesity, insulin resistance, and hypogonadism[5]. Due to considerable variation
in the severity and progression of myopathy, MD patients with minimal-to-mild
muscle symptoms may be followed as having other diseases. We herein describe a
patient with non-alcoholic steatohepatitis (NASH), a severe phenotype of NAFLD,
later diagnosed as having MD.

CASE PRESENTATION
Chief complaints
A 40-year-old non-obese man without a history of regular ethanol consumption was
referred to our hospital due to persistent hypertransaminasemia and hyperlipidemia.

History of present illness
It was pointed out that he had liver dysfunction and hyperlipidemia at annual health
checkups from 35 years of age. He had noticed easy fatigability, but presumed that it
was caused by overwork and insufficient sleep. He had no history of regular ethanol,
drugs, or supplements consumption, or smoking.

History of past illness
He had no history of past blood transfusion, surgical treatment, or acupuncture.

Physical examination
His body mass index was 23.4 kg/m2. He was asymptomatic with no signs of
hepatomegaly, xanthoma, or Achilles tendon thickening.
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Laboratory examinations
Laboratory findings revealed significant increases in serum aspartate aminotransferase
(65 U/L, normal 13-30), alanine aminotransferase (103 U/L, normal 7-23), total
cholesterol (298 mg/dL, normal 142-220), and triglycerides (TG; 318 mg/dL, normal
30-150). Hyperinsulinemia and greater index of homeostasis model assessment for
insulin resistance indicated the presence of insulin resistance. Hepatitis virus markers
and autoantibodies were all negative and immunoglobulins, ferritin and
ceruloplasmin were within normal ranges. Laboratory data at the time of liver biopsy
are shown in Table 1.

Imaging examinations
Abdominal ultrasonography revealed hyperechogenic liver parenchyma with deep
attenuation, indicating the presence of steatosis.

Further work-up
A percutaneous liver biopsy was conducted to evaluate his persistent liver
dysfunction. Liver histology showed macrovesicular steatosis, ballooned hepatocytes
with eosinophilic inclusion bodies (Figure 1A, arrows), and perisinusoidal fibrosis
(Figure 1B), which led to the diagnosis of NASH. According to the criteria proposed by
Kleiner et al[6], the score for steatosis, lobular inflammation, and hepatocyte ballooning
were 2 (moderate), 1 (few), and 1 (few), respectively, for a total NAFLD activity score
of 4. Bezafibrate (400 mg/d) was commenced for his hypertriglyceridemia.
A blood examination to assess the effects of fibrate treatment 1 mo later revealed
elevated levels of creatine kinase (CK; 757 U/L, normal 62-287) and myoglobin. The
patient denied any symptoms of muscle pain, weakness, or dark urine. The
abnormalities in serum CK and myoglobin persisted despite immediate cessation of
the fibrate. Thyroid function was normal.
The patient’s face was closely inspected again (Figure 2). He had frontal baldness at
the age of 40 and a hatchet face. Manual muscle testing demonstrated that he was very
slow opening his hands after grasping forcefully (i.e., grip myotonia). Careful history
taking revealed a prior cataract operation. These findings indicated the possibility of
MD.
MD is an autosomal dominant disease that affects the dystrophia myotonica protein
kinase (DMPK) gene on chromosome 19[5]. The expansion of CTG trinucleotide repeats
in the 3’ untranslated region of this gene results in the retention of an expanded RNA
repeat that is directly toxic to myocytes. Southern blotting of the patient’s DNA after
BamHI digestion detected an additional band caused by CTG repeats (Figure 3),
confirming the diagnosis of MD.

FINAL DIAGNOSIS
The final diagnosis in this patient case was NASH with underlying MD.

TREATMENT
The patient is being treated with eicosapentaenoic acid (2700 mg/d) for dyslipidemia
and is under calorie restriction by medical dieticians.

OUTCOME AND FOLLOW-UP
Since the diagnosis of MD, the patient has been followed for 14 years. His
hepatosteatosis and mild elevation of serum aminotransferases have persisted, with no
findings indicating liver cirrhosis or cancer. However, he has suffered from
progressive muscle weakness and reduced physical activity.

DISCUSSION
MD is a relatively common myopathy with almost 100% penetrance that is estimated
to afflict approximately 5-7 per 100000 persons worldwide[5]. The condition is
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Table 1 Laboratory findings at the time of liver biopsy
Item

Value

Item

Value

Item

Value

WBC

4450 /μL

BUN

10 mg/dL

IgG

1512 mg/dL

RBC

544 × 104 /μL

Cr

0.8 mg/dL

IgA

235 mg/dL

Hb

17.0 g/dL

UA

7.2 mg/dL

IgM

131 mg/dL

Plt

4

Na

146 mEq/L

ANA

(-)

K

4.3 mEq/L

HBsAg

(-)

Cl

109 mEq/L

Anti-HCV

(-)

19.9 × 10 /μL

TP

7.4 g/dL

Alb

4.2 g/dL

T-Bil

0.5 mg/dL

T-Chol

257 mg/dL

TSH

2.1 μIU/mL

AST

74 U/L

TG

274 mg/dL

FT3

3.2 pg/mL

ALT

102 U/L

HDL-C

76 mg/dL

FT4

1.0 ng/dL

LDH

260 U/L

ALP

202 U/L

FBS

87 mg/dL

HA

27 ng/mL

GGT

121 U/L

HbA1c

5.0 %

4C7S

4.2 ng/mL

ChE

390 IU/L

Insulin

30 μU/mL

HOMA-IR

6.4

Fe

91 μg/dL

Ferritin

77 ng/mL

Cu

89 μg/dL

Ceruloplasmin

26 mg/dL

Bold underlined parameters indicate abnormally elevated values. WBC: White blood cell; RBC: Red blood cell; Hb: Hemoglobin; Plt: Platelet count; TP:
Total protein; Alb: Albumin; T-Bil: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; ALP:
Alkaline phosphatase; GGT: Gamma-glutamyl transferase; ChE: Choline esterase; BUN: Blood urea nitrogen; Cr: Creatinine; UA: Uric acid; T-Chol: Total
cholesterol; TG: Triglycerides; HDL-C: High-density-lipoprotein cholesterol; Fe: Iron; FBS: Fasting blood sugar; HbA1c: Hemoglobin A1c; HOMA-IR:
Homeostasis model assessment for insulin resistance; Ig: Immunoglobulin; ANA: Anti-nuclear antibody; HBsAg: Hepatitis B virus surface antigen; HCV:
Hepatitis C virus; TSH: Thyroid stimulating hormone; FT3: Free triiodothyronine; FT4: Free thyroxine; HA: Hyaluronic acid; 4C7s: Type 4 collagen 7S.

characterized by two different mutations: An expansion of CTG repeats in the 3’
untranslated region of the DMPK gene on chromosome 19 and an expansion of CCTG
repeats in intron 1 on zinc finger protein 9 on chromosome 3, which are classified as
MD type 1 and type 2, respectively. Southern blotting of the present patient led to the
diagnosis of MD type 1.
MD is a multisystemic disease exhibiting diverse clinical manifestations, including
muscle weakness, myotonia, early cataracts/baldness, arrhythmia, neuropsychiatric
symptoms, and gonadal atrophy. The common features of MD type 1 are myotonia
and insulin resistance, which are caused by aberrant splicing of chloride channel 1 and
insulin receptor RNA in skeletal muscle due to the toxic effect of retained CUGexpanded repeats. Whole-body glucose disposal is reduced by 15%-25% after insulin
infusion in MD type 1 patients, and insulin sensitivity, as well as insulin receptor RNA
and protein, in the skeletal muscle is significantly decreased. Since peripheral insulin
resistance is commonly observed in MD patients, metabolic disturbances, such as
dyslipidemia, diabetes, and NAFLD/NASH may co-exist.
Indeed, it was reported that liver test abnormalities were frequent in MD
patients[7-10]. Shieh et al[11] prospectively evaluated the abnormalities in liver enzymes
and metabolic parameters of 31 MD type 1 patients. The prevalence of diabetes,
impaired fasting glucose, and metabolic syndrome (MetS) was approximately 12%,
21%, and 41%, respectively. Furthermore, 44% of MD patients had liver test
abnormalities and 42% had NAFLD, as defined by abnormal liver chemistry tests and
ultrasonography findings.
We reviewed the clinical data of 7 MD type 1 patients with NAFLD who underwent
liver biopsy, including this case, and summarized the pathological features in Table
2[11-14]. Ballooned hepatocytes were detected in 5 patients, who were all histologically
diagnosed as having NASH. Our case did not receive a repeated liver biopsy.
However, he did not show gradual decreases in platelet count or serum albumin, nor
WJH

https://www.wjgnet.com

688

September 27, 2020

Volume 12

Issue 9

Tanaka N et al. NAFLD underlying myotonic dystrophy

Table 2 Summary of previously reported liver pathology in 7 myotonic dystrophy type 1 patients with non-alcoholic fatty liver disease
Item

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Steatosis (0-3)

3

1

1

2

1

3

2

Lobular inflammation (0-3)

0

0

0

1

1

3

1

Ballooning (0-2)

1

1

0

ND

1

2

1

NAFLD activity score (0-8)

4

2

1

ND

3

8

4

Diagnosis

NASH

NASH

SS

ND

NASH

NASH

NASH

Fibrosis (0-4)

2

1a
[11]

Ref.

Shieh et al

Shieh et al

1a
[11]

Shieh et al

1
[11]

1a
[12]

Bhardwaj et al

4
[13]

Yamada et al

1a
[14]

Ariake et al

Our case

Pathological findings were scored according to the criteria proposed by Kleiner et al[6]. ND: Not determined; NASH: Non-alcoholic steatohepatitis; SS:
Simple steatosis (non-alcoholic fatty liver).

Figure 1 Pathological findings of liver biopsy. A: Liver specimen stained by hematoxylin and eosin exhibited moderate macrovesicular steatosis mainly
around the central vein with occasional focal lobular inflammation. Some ballooned hepatocytes were detected (orange arrows) According to the criteria proposed by
Brunt et al, the score for steatosis, lobular inflammation, and hepatocyte ballooning were 2 (moderate), 1 (few), and 1 (few), respectively. The calculated NAFLD
activity score was 4. Scale bar represents 20 μm; B: Liver specimen stained by the Azan-Mallory method showed pericentral/perisinusoidal fibrosis (score 1a). Scale
bar represents 50 μm.

did he exhibit remarkable values for indicators of liver fibrosis progression or imaging
findings suggestive of liver cirrhosis, such as splenomegaly, enlargement of the left
lobe, or liver surface irregularity, during his 14-year follow-up. One report described a
case of MD type 1 progressing to NASH-derived liver cirrhosis (Case #6 in Table 2)[14].
Additionally, a case of MD type 2 manifested as myopathy, mild myotonia, cataract,
diabetes, erectile dysfunction, gastrointestinal dysmotility, dysarthria, mild
myocardial thickening and non-alcoholic and non-hepatitic liver cirrhosis was
documented[15]. Therefore, regular monitoring of laboratory indicators of liver
synthesis ability (e.g., serum albumin and prothrombin time) and liver fibrosis (e.g.,
platelet count and serum type 4 collagen 7S) as well as liver imaging is advised for MD
patients with NAFLD. In patients with cryptogenic non-alcoholic cirrhosis, the
possibility of MD may be considered.
Vujnic et al[16] examined the prevalence of MetS components in 66 MD type 1
patients and found dyslipidemia to be the most frequent [hypertriglyceridemia (67%)
and low HDL cholesterol (35%)]. On the other hand, the prevalence of hypertension,
central obesity, and hyperglycemia was relatively low (18%, 13%, and 9%,
respectively). This observation indicated that hypertriglyceridemia often co-existed in
MD type 1 patients and that some MD patients with minimal-to-mild muscle
symptoms might be mistaken as having hypertriglyceridemia and/or NAFLD. Insulin
resistance enhances hepatic TG synthesis and the secretion of very-low-density
lipoprotein particles, but reduces the activity of lipoprotein lipase, consequently
leading to raised circulating TG levels. Fibrates are commonly available for treating
hypertriglyceridemia, but myotoxicity and rhabdomyolysis are possible adverse
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Figure 2 Photograph of the patient. Frontal baldness and a hatchet face were noted.

Figure 3 Southern blotting of patient DNA. DNA samples were digested with BamHI. Compared with the control sample, an additional band caused by CTG
repeats was detected (arrow), confirming the diagnosis of myotonic dystrophy.

effects. Before commencing fibrate administration for NAFLD/NASH patients with
hypertriglyceridemia, serum CK levels should be checked to rule out the possibility of
latent MD.
Recent studies documented the contribution of small intestinal bacterial overgrowth
and disrupted bile acid metabolism to the pathogenesis of NAFLD/NASH[1,2,17,18].
Tarnopolsky et al[19] documented that 65% of MD type 1 patients with gastrointestinal
symptoms exhibited small intestinal bacterial overgrowth using glucose breath
hydrogen testing. Additionally, it was reported that specific bile acids, such as
dihydroxymono-oxocholanic acid and dihydroxycholanic acid, were detected in the
serum of MD type 1 patients and biliary ursodeoxycholic acid was reduced[20],
indicating bile acid abnormality accompanied by MD. Although the pathogenesis of
NAFLD/NASH is multifactorial, these factors might be associated with
NAFLD/NASH in MD.

CONCLUSION
MD is a relatively common congenital myopathy accompanied by peripheral insulin
resistance. However, some MD patients with minimal-to-mild muscle symptoms
might be followed as having other diseases associated with insulin resistance, such as
hypertriglyceridemia, postprandial hyperglycemia, and NAFLD/NASH. In patients
with abnormal liver function tests, muscular diseases might be hidden at all ages[21-24].
When gastroenterologists encounter NAFLD/NASH patients, serum CK should be
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verified. If hyperCKemia is detected, the possibility of MD may be considered and
careful observation of the patient’s face, and history taking for cataracts may help
uncover subclinical MD.
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