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Journal of Clinical and Translational Hepatology Receives Its First
Impact Factor (4.108) and CiteScore (6.7)

Harry Hua-Xiang Xia! ©, George Y. Wu? and Hong Ren®

1Department of Gastroenterology, First Affiliated Hospital, Guangdong Pharmaceutical University, Guangzhou, Guangdong,
China; 2Department of Medicine, Division of Gastroenterology-Hepatology, University of Connecticut Health Center, Farm-
ington, CT, USA; 3Institute for Viral Hepatitis, Department of Infectious Diseases, The Second Affiliated Hospital of Chong-

qing Medical University, Chongging, China

Citation of this article: Xia HHX, Wu GY, Ren H. Journal
of Clinical and Translational Hepatology receives its first im-
pact factor (4.108) and CiteScore (6.7). J Clin Transl Hepa-
tol 2021;9(4):453. doi: 10.14218/JCTH.2021.ANNOUNCE.

We are pleased to announce that Journal of Clinical and
Translational Hepatology (JCTH) has received its first impact
factor — 4.108 — in the Journal Citation Report released by
Clarivate Analytics on June 30, 2021. JCTH now ranks 42
among 92 journals in the Gastroenterology and Hepatology
category and is in the second quartile (Q2) in the category
(Fig. 1). Moreover, JCTH has also received its first CiteScore
— 6.7 — released by Elsevier on June 4, 2021 and ranks 16%"
among 62 hepatology journals according to that evaluation
system (Fig. 2).

JCTH, which is owned by the Second Affiliated Hospital
of Chongqing Medical University and published by Xia & He
Publishing Inc., publishes articles on both basic and clinical
liver disease research. The translational application of ba-
sic science is a distinctive feature of the Journal. JCTH was
launched in 2013 and has been included in PubMed Central
and PubMed since July 2015, in Scopus since May 2020, and
in SCIE since November 2020.1

We would like to take this opportunity to express our heart-
felt gratitude to our staff, associate editors, editorial board
members, early-career editors, reviewers, authors, and read-
ers, for their dedication, contributions, and attention to the
Journal.

Having the first impact factor being over 4 and CiteScore
being 6.7 is encouraging and inspiring. However, we recognize
these achievements as representing a solid foundation from
which we will continue to push forth our efforts toward greater
academic goals. In these efforts, we will continue to be rig-
orous in both academic quality and ethical standards, ever-

Abbreviation: JCTH, Journal of Clinical and Translational Hepatology.
*Correspondence to: Hong Ren, The Second Affiliated Hospital of Chongging
Medical University, Chongging 400010, China. ORCID: https://orcid.org/0000-
0002-4557-0918. Tel: +86-23-6288-7083, Fax: +86-23-6370-3790, E-mail:
renhong0531@vip.sina.com

Impact Factor

4.108 4.608

2020 5year

JCR ® Category Rankin Category  Quartile in Category

GASTROENTEROLOGY & HEPATOLOGY 42 of 92 Q2

Fig. 1. Impact factor 2020 of Journal of Clinical and Translational Hepa-
tology (From Web of Science, Clarivate Analytics).

CiteScore .| Highest percentile  Citations Documents % Cited J
+ 2017-20 4 2017-20 4

6.7 75% 1,445 215 68
16/62
Hepatology

Fig. 2. CiteScore 2020 of Journal of Clinical and Translational Hepatol-
ogy (From Scopus, Elsevier).

striving to bring timely research findings in hepatology to the
scientific community as an internationally influential journal.
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Nonalcoholic fatty liver disease (NAFLD), which encompass-
es a broad spectrum ranging from nonalcoholic fatty liver
(NAFL) to nonalcoholic steatohepatitis (NASH), constitutes
a global nightmare, since it affects up to one-fourth of peo-
ple worldwide, representing a major cause of cirrhosis and
hepatocellular carcinoma.l Besides the fact that NAFLD is
usually thought to be closely related to obesity, almost 40%
of affected individuals are classified as nonobese and 20%
as lean, all of whom consequently suffer from excessive
morbidity and mortality as well.2 NAFLD is interconnected
with significant comorbidities, namely atherosclerotic car-
diovascular disease (although it is still a controversial area
of knowledge), chronic kidney disease, type 2 diabetes mel-
litus (T2DM), atrial fibrillation, and obstructive sleep ap-
nea.3-8 Therefore, there is an urgent need for biomarkers
that could contribute to the identification and risk stratifica-
tion of subjects with NAFLD, especially those with or at high
risk for major comorbidities, and their response to thera-
peutic management.

Recently, another disease profile has been proposed to
replace the existing one for NAFLD, termed as “metabolic
dysfunction-associated fatty liver disease” (MAFLD) with di-
agnosis being based upon histological criteria (liver biopsy),
imaging or circulating biomarker evidence of fat accumula-
tion in the liver (hepatic steatosis) in addition to one of the
following three criteria, namely overweight/obesity, pres-
ence of T2DM, or evidence of metabolic dysregulation.® This
definition, despite initial doubts, may be of better clinical
utility, as demonstrated in recent cohort studies.10

In the present issue of Journal of Clinical and Translation-
al Hepatology, Han and colleagues!! performed a thorough
and methodologically rigorous meta-analysis assessing
the potential applicability of serum resistin, a pro-inflam-
matory adipokine, as a biomarker of NAFLD at its entire
spectrum. The authors initially demonstrated that subjects

Abbreviations: Cl, confidence interval; MAFLD, metabolic dysfunction-associ-
ated fatty liver disease; NAFL, nonalcoholic fatty liver; NAFLD, nonalcoholic fat-
ty liver disease; NASH, nonalcoholic steatohepatitis; SDM, standardized mean
difference; T2DM, type 2 diabetes mellitus.

*Correspondence to: Dimitrios Patoulias, Second Propedeutic Department
of Internal Medicine, General Hospital “Hippokration”, Konstantinoupoleos 49,
Thessaloniki 54642, Greece. ORCID: https://orcid.org/0000-0002-6899-684X.
Tel: +30-6946900777, Fax: +30-2310225083, E-mail: dipatoulias@gmail.com

with NAFLD have significantly higher serum resistin levels
compared to controls [standardized mean difference (SMD)
= 0.522, 95% confidence interval (Cl): 0.004 to 1.040,
12=95.9%)] and subjects with NASH have lower serum re-
sistin levels than the healthy controls (SMD = —0.44, 95%
CI: —0.83 to —0.55, 12=74.5%), while no significant dif-
ference was identified for patients with NAFL compared to
controls and patients with NAFL compared to those with
NASH. Based on the contradictory results, Han et al.1! per-
formed a meticulous sensitivity analysis, documenting that
patients with NASH have lower resistin levels compared to
healthy controls, whereas no significant difference between
NAFL patients versus controls and NAFL versus NASH pa-
tients exists. Additionally, their thorough meta-regression
analysis failed to identify any significant source of the high
observed heterogeneity for the generated results. The high
number of included studies and the extensive subgroup,
sensitivity and meta-regression analyses attribute further
power to the generated results, despite the significant het-
erogeneity.

As the authors state, in interpreting the retrieved re-
sults, “resistin levels seem to rise with the progression of
NAFLD, from healthy to NAFL, but decline when NAFL pro-
gresses to NASH”. The question that arises is then “who
and when should be monitored”? According to these re-
sults, it seems that resistin may be inadequate to serve as
a marker for the distinguishment of a patient with NAFLD
from the general population but may be useful for fibrosis
risk stratification of a patient with an established diagnosis
of NAFLD, since lower levels might indicate more severe
disease. Its association with liver tumorigenesis (as shown
in hepatitis C virus-infected patients with liver cirrhosis)
could enhance this diagnostic strategy, although further
data is required.1? In addition, circulating resistin might
be useful for the early identification of patients with some
form of NAFLD at high risk for developing other co-mor-
bidities, such as cardiovascular disease and renal impair-
ment.l3vl4

To sum up, the meta-analysis by Han et al.1l provides
new, significant insights into the role of circulating resistin
as a biomarker in NAFLD. According to current knowledge,
it seems that this adipokine could be useful for monitoring
of liver fibrosis among NAFLD patients, while it might have
a role in the early detection of NAFLD-related comorbidi-
ties. However, it seems that further research in the field
is still required to determine its exact role in risk stratifi-
cation of affected individuals. Cost-effectiveness analyses
are required, in order to establish resistin as a biomarker
of choice in NAFLD.
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As the era of precision and personalized medicine is gaining
exponential positive gain in the field of medicine, there is a
positive shift towards a more evidence-based patient care
approach for patients with hepatological diseases. One fac-
tor that is crucial in any physician’s decision-making efforts
involves the application of novel innovative approaches that
can enhance predicting survival outcome. Acute-on-chronic
liver failure (ACLF) is a perfect example of how liver can
rapidly deteriorate, and the hepatitis B virus (HBV) is one
crucial culprit. Patients can experience organ failure that
leads to their mortality, and in this article the authors clearly
described the use of backward stepwise logistic regression
(LR) and classification and regression tree (CART) analysis
to derive two predictive models and then compared them
with the model of end-stage liver disease (MELD) score for
novel prognostic models of the 180-day outcome for pa-
tients with HBV-ACLF.

This innovative study showed the novel predictive models
to be superior to MELD score, providing Hepatologists and
Gastroenterologists with a new guiding technique in their
evidence-based patient-centered care approach for their
clinical treatment decision-making. Of note, one of the lead-
ing causes of chronic liver failure in Asia is HBV! and the
current leading therapeutical intervention for cure is liver
transplantation (LT).24

However, due to decline of health of patients with ACLF,
some of the patients become delisted from the organ trans-
plantation list because they are not well enough to undergo
LT. Currently, MELD score is the most used for patients on
the LT list, although several other scoring modalities are
available.> Current and recent advancements in Hepatol-

Abbreviations: ACLF, acute-on-chronic liver failure; CART, classification and
regression tree; HBV, hepatitis B virus; LT, liver transplantation; MELD, model
of end-stage liver disease.
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ogy generated the finding for HBV-ACLF having a window
of 30 to 90 days, with respect to the scoring system used.
In the article of interest, the authors introduced a predic-
tive module of 180-day outcome for patients based upon
multiple variables that are not currently used in the MELD
score. Also, there are other scoring systems that have been
introduced for HBV-ACLF recently; although, the authors
created a CART system scoring that is easier for the cli-
nician to interpret and, in turn, for the patient to receive
the paramount care they deserve. Ultimately, the research
demonstrated that both LR and the CART model appeared
to perform better than the MELD score.

There are, however, some factors and limitations within
the study (as properly mentioned in the article), ranging
from not having a mid-data report and not having a larger
cohort for studying their novel scoring models. | believe if
a consensus can be developed by having multiple LT cent-
ers around the globe adapt this novel scoring module, we
can achieve a better understanding and more precise scor-
ing system developed for patients with HBV-ACLF requiring
LT. These novel models which the authors have described
and investigated may be helpful for Transplant Hepatolo-
gists, Gastroenterologists and Health Care teams who need
to make essential clinical decisions for patients with HBV-
ACLF.
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Abstract

Background and Aims: Ras-related nuclear (RAN) protein
is a small GTP-binding protein that is indispensable for the
translocation of RNA and proteins through the nuclear pore
complex. Recent studies have indicated that RAN plays an
important role in virus infection. However, the role of RAN
in hepatitis C virus (HCV) infection is unclear. The objective
of this study was to investigate the role and underlying
mechanisms of RAN in HCV infection. Methods: Huh7.5.1
cells were infected with the JC1-Luc virus for 24 h and then
were incubated with complete medium for an additional
48 h. HCV infection and RAN expression were determined
using luciferase assay, quantitative reverse transcription-
PCR and western blotting. Small interfering RNA was used
to silence RAN. Western blotting and immunofluorescence
were used to evaluate the cytoplasmic translocation of
polypyrimidine tract-binding (PTB), and coimmunoprecipi-
tation was used to examine the interaction between RAN
and PTB. Results: HCV infection significantly induced RAN
expression and cytoplasmic redistribution of PTB. Knock-
down of RAN dramatically inhibited HCV infection and the
cytoplasmic accumulation of PTB. Colocalization of RAN and
PTB was determined by immunofluorescence, and a direct
interaction of RAN with PTB was demonstrated by coimmu-
noprecipitation. Conclusions: PTB in the host cytoplasm
is directly associated with HCV replication. These findings
demonstrate that the involvement of RAN in HCV infection
is mediated by influencing the cytoplasmic translocation of
PTB.
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Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic
hepatitis, liver cirrhosis and hepatocellular carcinoma, af-
fecting approximately 71 million persons according to re-
cent estimates.! HCV therapy has been revolutionized with
the introduction of direct-acting antiviral agents (common-
ly known as DAAs), which can achieve viral eradication in
>95% of cases with minimal toxicity and overall good toler-
ability.? However, the implementation of these approaches is
complicated by the cost, potential for reinfection, generation
of drug-resistant viruses, reactivation of other viruses, and
end-stage liver disease progression that occurs even after
virus clearance.34 HCV also remains the sole hepatitis virus
for which a vaccine is not yet available. Thus, novel prophy-
lactic and therapeutic approaches for HCV are still necessary.
Identification of host factors involved in HCV replication is
critical to understand the molecular mechanism of the viral
life cycle, which has significant implications for the develop-
ment of host-directed strategies to interrupt this cycle.

The ras-related nuclear (RAN) protein is a small GTP-
binding protein belonging to the RAS superfamily. It has a
well-established role in regulating the transport of macro-
molecules across the nuclear envelope®6 and has also been
implicated in mitotic spindle assembly, cell cycle progres-
sion, and nuclear envelope formation.”-8 In eukaryotic or-
ganisms, the active transport of macromolecules between
the nucleus and cytoplasm is an essential cellular process.®
Dysregulated protein levels of RAN could cause aberrant
nucleo-cytoplasmic transport of RNA and proteins, possibly
leading to the initiation and progression of many diseases.

Cellular protein polypyrimidine tract-binding protein (PTB)
has been shown to enhance HCV translation by binding to
the 5’-untranslated region (UTR) and the 3’-end 98 nucleo-
tides (X region) of HCV RNA.1%-12 The immunodepletion of
PTB could completely inhibit HCV translation.13 These results
present evidence for the functional requirement of PTB dur-
ing HCV translation initiation. In addition to the conserved X
region of the 3’ UTR, PTB also binds to the poly(U) tract of
the 3’UTR.1#15 And UV cross-linking studies showed that the
PTB-5’-UTR binding was much weaker than the PTB-3’-UTR
binding.16:17 The strong and preferential binding of PTB to
the 3’ UTR suggests that it may be recruited to participate
in the initiation of HCV RNA replication.” The earlier work
found that silencing of PTB by small interfering RNA (SiRNA)
substantially blocked HCV replication.81° And HCV RNA syn-
thesis could be inhibited by anti-PTB antibody in a cell-free,
de novo HCV RNA synthesis system.18 The direct evidence
that PTB is required for HCV RNA replication is that PTB co-
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Table 1. Primer sequences used in the study

Gene Upstream primer (5'-3) Downstream primer (5'—3’)
HCV GCGTTAGTATGAGTGTCGTG TCGCAAGCACCCTATCAG

RAN GTGAAGGCGAAATCCATTGT TCCTAGCAAGCCAGAGGAAG
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

localizes with the viral replicase complex.2° These studies in-
dicate that PTB is a part of the HCV RNA replication complex
and participates in viral RNA synthesis. The above results to-
gether indicate that PTB has dual functions in HCV life cycle,
including translation and RNA replication.

Our initial study showed that HCV infection significantly
induced the expression of RAN. Additionally, infectious HCV
cell culture systems have been developed, enabling further
investigations of the molecular mechanism of HCV infec-
tion.2%22 Thus, this study was conducted to investigate the
role and underlying mechanisms of RAN in HCV infection in
an HCV cell culture system using a JC1-Luc chimeric virus.

Methods

Cell culture and virus plasmids

Human hepatoma Huh7.5.1 cells were grown at 37°C in a
5% carbon dioxide atmosphere with Dulbecco’s modified
Eagle’s medium supplemented with 2 mM L-glutamine, 1
mM sodium pyruvate, 1x nonessential amino acids, 100 U/
mL of penicillin, 100 pg/mL of streptomycin, and 10% fetal
bovine serum. The plasmid pFL-JC1 was a kind gift from
Apath (St. Louis, MO, USA). The chimeric full-length con-
struct pFL-JC1 has been described elsewhere.?1:23.24 To fa-
cilitate the detection of HCV infection, reporter viruses were
constructed by inserting the firefly luciferase gene into the
carboxyl-terminal region of NS5A in the JC1 genomes.23.25

RNA transfection, HCV infection, and titration

The production of infectious HCV in hepatocytes was per-
formed as described previously. Briefly, Huh7.5.1 cells were
mixed with in vitro-transcribed RNA and electroporated
(Gene Pulser System; Bio-Rad Hercules, CA, USA) using
a single square wave at 260 V and a 25-millisecond pulse
length. The supernatant was harvested and concentrated us-
ing a centrifugal filter (Amicon 100K; Millipore, Billerica, MA,
USA). Purified viruses were used for infection and titration.

HCV replication and treatment

Huh7.5.1 cells were seeded into 96-well plates at a density
of 5x1082 cells per well in 100 pL of medium. After incu-
bating overnight for attachment, JC1-Luc virus was added
to the wells. After 24 h, the medium was aspirated and
replaced with 100 pL of complete medium, followed by an
additional 48 h incubation. The HCV infection and RNA rep-
lication rates were quantified by measuring the luciferase
activity using a microplate luminometer (Veritas microplate
luminometer; Turner Biosystems, Sunnyvale, CA, USA).

Quantitative reverse transcription-PCR

Cells were collected by trypsinization, and the total RNA

was extracted using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA), according to the manufacturer’s protocol. cDNA
was synthesized using the PrimeScript™ Reverse Transcrip-
tion Reagent Kit with gDNA Eraser (Takara, Tokyo, Japan).
The products were then used for analysis by the PRISM
7900 Sequence Detection System (Applied Biosystems Inc.,
Foster City, CA, USA) and the SYBR® Premix Ex Tag™ Kit
(Takara). The samples were processed in triplicate and ana-
lyzed by the 2—AACt method. The primers were purchased
from Sangon Biotech (Shanghai, China) and are listed in
Table 1.

Western blotting

Whole-cell extracts were prepared using RIPA lysis buffer
containing the protease inhibitor PMSF. Additionally, the cy-
toplasmic and nuclear extracts from cells were extracted us-
ing the Nuclear and Cytoplasmic Extraction Reagents (Prod-
uct No. 78835; ThermoFisher Scientific, Waltham, MA, USA).
Equivalent amounts of protein (20 pg) were separated by
12% SDS-PAGE and transferred to a polyvinylidene difluo-
ride membrane (Millipore). The membrane was blocked in
5% nonfat milk in Tween 20 Tris-buffered saline and incu-
bated with primary antibodies specific for HCV core protein
(Abcam, Cambridge, UK), PTB (Abcam), RAN (Abcam), glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH, a cyto-
plasmic protein marker; Cell Signaling Technology, Danvers,
MA, USA) and proliferating cell nuclear Ag protein (PCNA, a
nuclear protein marker; Cell Signaling Technology, Danvers,
MA, USA) at 4°C overnight. After washing, the membrane
was incubated with horseradish peroxidase-conjugated sec-
ondary antibodies (SouthernBiotech, Birmingham, AL, USA)
for 1 h at room temperature (RT) and visualized with en-
hanced ECL (ThermoFisher Scientific) following exposure to
X-ray films.

Immunofluorescence and confocal analysis

Huh7.5.1 cells plated on glass cover slips (BD Biosciences,
San Jose, CA, USA) were infected with JC1-Luc virus for 24
h and then incubated with 100 pL of complete medium. The
cells were harvested for immunofluorescence staining after
48 h of incubation. The cells were fixed in 4% paraformal-
dehyde for 30 m at RT, permeabilized in 0.5% Triton X-100/
phosphate-buffered saline for 20 m, and then blocked in 1%
bovine serum albumin in phosphate-buffered saline for 1 h
at RT to minimize nonspecific adsorption of the antibodies.
The cells were then incubated with primary antibodies (PTB
or RAN: 1:100; Abcam) in 1% bovine serum albumin/Tween
20 Tris-buffered saline overnight at 4°C, followed by an ad-
ditional incubation in Alexa fluor-conjugated secondary anti-
bodies (1:500; Life Technologies, Gaithersburg, MD, USA) at
RT for 1 h. The nucleus was stained with 4’,6’-diamidino-2-
phenylindole dihydrochloride (commonly known as DAPI;
Sigma-Aldrich, St. Louis, MO, USA), and then the cells were
washed three times with phosphate-buffered saline. After
the coverslips were mounted on glass slides with mounting
medium, the glass slides were photographed using a confo-
cal microscope (Olympus, Tokyo, Japan).
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siRNAs Sense, 5' >3’ Antisense, 5' >3’

003 ACAGGAAAGUGAAGGCGAA dTdT dTdT UGUCCUUUCACUUCCGCUU
004 GACCUUCGUGAAACGUCAU dTdT dTdT CUGGAAGCACUUUGCAGUA
005 GUAUGUAGCCACCUUGGGU dTdT dTdT CAUACAUCGGUGGAACCCA

Protein-protein interaction analysis

For coimmunoprecipitation, the cells were lysed with Cell
Lysis Buffer (1x; Cell Signaling Technology) containing 1
mM PMSF, 10 mM nicotinamide and 10 pM trichostatin A The
lysed cells were centrifuged (13,000 x g, 4°C, 10 m), and
the supernatants were used for immunoprecipitation. Next,
50 pL of fresh protein G magnetic beads (Millipore) was in-
cubated with anti-RAN or anti-PTB for 10 m with continuous
mixing at RT. The lysates (400 pg) and the immobilized cap-
ture antibody were then incubated at 4 °C under constant
rotation overnight. The beads were washed three times with
1 mL of cold lysis buffer containing protease inhibitors. Fi-
nally, the beads were resuspended in 80 pL of 2x Laemmli
sample buffer and heated to 95°C for 10 m. The beads were
then centrifuged for 1 m at 1,000 x g, and the supernatant
was collected and used for western blotting.

RNA interference

Small interfering (si)RNAs against human RAN (Ribobio,
Guangzhou, China) and control scrambled siRNA (Ribobio,
Guangzhou, China) were predesigned and synthesized.
Huh7.5.1 cells (at 30% to 40% confluence) were trans-
fected with 100 nM RAN siRNAs using the Lipofectamine®
RNAIMAX Reagent (Invitrogen), according to the manufac-
turer’s protocol. Twenty-four hours after transfection, the
cells were infected with JC1-Luc virus for 24 h and subse-
quently incubated with fresh medium for 48 h. The cells
were then collected and lysed for luciferase assays, quanti-
tative reverse transcription-PCR and western blotting. The
sequences used here are listed in Table 2.

Data analysis

All the data were processed using SPSS 19.0 software and
presented as mean = standard error. Analysis of variance
(commonly known as ANOVA) and the least significant dif-
ference test were used for comparisons among the groups.
When the data were not normally distributed, the Mann-
Whitney U test and Kruskal-Wallis test were used. A p-value
less than 0.05 was considered significant.

Results

HCV infection induces RAN expression and cytoplas-
mic redistribution of PTB

After Huh7.5.1 cells were infected with the JC1-Luc virus,
the HCV infection and replication efficiencies were analyzed
using the luciferase assay and western blotting. The lucif-
erase activity and core protein expression levels were mark-
edly increased when the cells were infected with the JC1-
Luc virus (p<0.01; Fig. 1A, B, D) compared with the control
group. RAN expression was also examined by quantitative
reverse transcription-PCR and western blotting. JC1 virus

infection substantially induced the RAN expression com-
pared with the control (p<0.01; Fig. 1B-D).

As mentioned above, studies have shown that PTB binds
to HCV RNA at several different sites and participates in vi-
ral replication or translation. The cytoplasmic translocation
of PTB was determined by western blotting in our study. The
results revealed that PTB was predominantly localized in the
nucleus in the absence of HCV infection; however, strong
cytoplasmic accumulation of PTB was observed following
HCV stimulation (Fig. 2A, C; p<0.01). The distribution of
PTB in HCV-infected cells was also evaluated by immuno-
fluorescence assay. The cytoplasmic distribution of PTB was
identified when cells were infected with the JC1-Luc virus
(Fig. 2B). These data together illustrated that HCV infection
induced the cytoplasmic accumulation of PTB.

Knockdown of RAN inhibits HCV infection and cyto-
plasmic accumulation of PTB

The silencing effects of siRNAs on the mRNA and protein
expression levels of RAN were evaluated using quantitative
reverse transcription-PCR and western blotting. Compared
with the MOCK-treated group, the RAN mRNA and protein
levels in RAN siRNA-treated cells were significantly de-
creased (p<0.01; Fig. 3). Inhibition of the replication of HCV
was measured using the luciferase assay, quantitative re-
verse transcription-PCR and western blotting. The luciferase
activity and both HCV RNA and core protein expression lev-
els were dramatically inhibited by RAN siRNA (p<0.01; Fig.
4A—C) compared with the MOCK-treated group. Additional-
ly, the cytoplasmic accumulation of PTB in the RAN-silenced
group was significantly decreased (Fig. 4D, E).

RAN colocalizes with PTB

To verify whether RAN colocalizes with PTB, the subcellular
localization of RAN and PTB were evaluated by immunofluo-
rescence staining with anti-RAN (red) and anti-PTB (green)
antibodies in Huh7.5.1 cells infected with the JC1 virus. The
merged image in yellow indicates the combination of PTB
fluorescence intensity with the RAN fluorescence intensity.
PTB and RAN staining was mainly distributed in the nucleus
of Huh7.5.1 cells, but strong cytoplasmic RAN and PTB im-
munofluorescence was identified when cells were infected
with the JC1 virus (Fig. 5). Additionally, double-labeling of
RAN and PTB was observed in both the cytoplasm and nu-
cleus. The above results revealed that HCV infection induces
the cytoplasmic distribution of RAN and PTB and RAN colo-
calizes with PTB.

RAN directly interacts with PTB

We investigated the potential crosstalk between RAN and PTB
in Huh7.5.1 cells. Therefore, endogenous protein-protein in-
teraction in cells was examined by co-immunoprecipitation
experiments using anti-RAN and anti-PTB antibodies. Cells
were extracted and immunoprecipitated with anti-RAN anti-
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Fig. 1. HCV infection induces the expression of RAN. Huh7.5.1 cells were infected with the JC1 virus. Naive Huh7.5.1 cells were used as a MOCK-infected control.
(A) The replication of HCV was examined using the luciferase assay. (B) Intracellular core and RAN levels were analyzed using western blotting at 48 h post-infection.
(C) Intracellular RAN levels were determined using quantitative reverse transcription-PCR at 48 h post-infection. (D) The ratios of core/GAPDH and RAN/GAPDH are
shown. Representative images of three independent experiments are presented. “p<0.01, compared with control cells.

body, and the immune complexes were analyzed by western
blotting with the anti-PTB antibody. RAN interacted with PTB
in Huh7.5.1 cells (Fig. 6), confirming their crosstalk.

Discussion

RAN is a critical player in nucleo-cytoplasmic transport that
is mainly localized in the nucleus and cycles between the
GDP-bound inactive and GTP-bound active state.2% It is now
well established that RAN plays an important role in can-
cer development and progression.27:28 |t is overexpressed
in various cancers and correlated with increased aggres-
siveness of the cancer cells in vitro and in vivo.2%-3! Recent
studies have indicated that RAN also plays an important
role in virus infection. A study showed that the microRNA
miR-134 regulated poliovirus replication via the modulation
of RAN.32 Additionally, the reduced production of RAN by
RNA interference markedly reduced the synthesis of EV71-
encoded viral proteins and virus titers.33 However, the role
of RAN in HCV infection remained unclear.

The above data prompted us to investigate the function of
RAN in the regulation of HCV infection. Our results showed
that HCV infection significantly induced RAN expression.
Additionally, the knockdown of RAN expression with siRNAs
significantly reduced HCV replication. RAN silencing has
been shown to cause aberrant nucleo-cytoplasmic trans-
port of tumor suppressors and oncogenes, possibly leading
to the initiation of cancer.34 Because RAN plays a key role in
controlling nucleo-cytoplasmic trafficking, we hypothesized
that HCV-induced upregulation of RAN expression might be
involved in the development of HCV by influencing the es-
sential viral proteins or host proteins for viral replication.

PTB is primarily localized in the nucleus. However, it can
shuttle from the nucleus to the cytoplasm in response to
specific signals, such as viral infection.?> As a ubiquitous
RNA-binding protein, PTB can function as both a repressor
and activator of RNA metabolism by restructuring RNA to
promote or inhibit the binding of other factors, processes
known to be important for the life cycle of many viruses.3%
The necessity of PTB for HCV replication and translation has
been proposed. Studies have shown that the recognition of
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rescence intensity. Cellular PTB was stained with anti-PTB mouse antibody and then stained with Alexa fluor 488 anti-rabbit secondary antibody (green color). The nucleus
was stained with DAPI (blue color). Merge indicates the combination of PTB fluorescence intensity with nuclear fluorescence intensity. “p<0.01, compared with control cells.
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the 3’-UTR by PTB was necessary for the efficient replication
of HCV RNA.14.18:36 Other studies have also indicated that
the interaction of PTB with the 5’-UTR and 3’-UTR of the
HCV RNA was required for the initiation of translation.12.13

Our previous results indicated that the cytoplasmic ac-
cumulation of PTB was directly associated with HCV repli-
cation, and blocking the cytoplasmic redistribution of PTB
could inhibit HCV replication.3” However, the mechanism
of nucleo-cytoplasmic translocation of PTB is not clear. As
the major cellular function of RAN is to regulate nucleo-cy-
toplasmic transport of molecules through the nuclear pore
complex, we consider that RAN might interact with PTB and
facilitate its nucleo-cytoplasmic translocation.

Based on the above research assumptions, our research
continued and found that increased nucleo-cytoplasmic
translocation of PTB in response to HCV infection was dra-

matically inhibited by RAN silencing. RAN interacted with
PTB, as demonstrated by coimmunoprecipitation studies,
and facilitated its nucleo-cytoplasmic translocation. Be-
cause PTB in the host cytoplasm is directly associated with
HCV replication, the involvement of RAN in HCV replication
can be the result of the cytoplasmic accumulation of PTB.

Conclusions

In summary, our results demonstrate that the involvement
of RAN in HCV infection is mediated by interacting with PTB
and then influencing the cytoplasmic translocation of PTB. Our
work uncovers a new mechanism responsible for host cellular
factors involved in HCV infection and indicates that targeting
of the nucleo-cytoplasmic translocation of the host PTB protein
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Fig. 5. Colocalization of RAN with PTB on Huh7.5.1 cells infected with
JC1 virus. Cells infected with JC1 virus were fixed with ice-cold methanol at
48 h post-infection. The fixed cells were incubated with anti-RAN antibody or
anti-PTB antibody followed by a secondary antibody labeled with Alexa fluor
647 (red, RAN) or Alexa fluor 488 (green, PTB). The colocalized signal (yellow)
was visualized by merging the two images. All the experiments were performed
in triplicate.

could be a novel strategy against HCV. Antiviral agents acting
through this mechanism might inhibit viral infection with no or
a decreased chance of drug-resistant mutations. Ideally, the
combination of a RAN suppressor with known anti-HCV drugs
might provide a variety of drug regimens that are appropriate
for different patients and provide the potential advantage for
preventing or decreasing drug-resistant mutations.
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Abstract

Background and Aims: Hepatitis B virus (HBV) infec-
tion has been found to increase hepatocellular sensitivity
to carcinogenic xenobiotics, by unknown mechanisms, in
the generation of hepatocellular carcinoma. The pregnane
X receptor (PXR) is a key regulator of the body’s defense
against xenobiotics, including xenobiotic carcinogens and
clinical drugs. In this study, we aimed to investigate the
molecular mechanisms of HBV X protein (HBx)-PXR sign-
aling in the synergistic effects of chemical carcinogens in
HBV-associated hepatocarcinogenesis. Methods: The ex-
pression profile of PXR-cytochrome p450 3A4 (CYP3A4)
signaling was determined by PCR, western blotting, and
tissue microarray. Cell viability and aflatoxin B1 (AFB1)
cytotoxicity were measured using the cell counting kit-8
assay. Target gene expression was evaluated using tran-
sient transfection and real time-PCR. The genotoxicity of
AFB1 was assessed in newborn mice with a single dose
of AFB1l. Results: HBx enhanced the hepatotoxicity of
AFB1 by activating CYP3A4 and reducing glutathione S-
transferase Mu 1 (GSTM1) in cell lines. Activation of PXR

Keywords: Liver cancer; Hepatitis B virus X protein; Pregnane X receptor;
Aflatoxin B1l; Hepatotoxicity.
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by pregnenolone 16a-carbonitrile increased AFB1-induced
liver tumor incidence by up-regulating oncogenic KRAS to
enhance interleukin (IL)-11:1L-11 receptor subunit alpha-1
(IL11RA-1)-mediated inflammation in an HBXx transgenic
model. Conclusions: Our finding regarding AFB1 toxic-
ity enhancement by an HBx-PXR-CYP3A4/ GSTM1-KRAS-
IL11:1L11RA signaling axis provides a rational explanation
for the synergistic effects of chemical carcinogens in HBV
infection-associated hepatocarcinogenesis.

Citation of this article: Niu Y, Fan S, Luo Q, Chen L, Huang
D, Chang W, et al. Interaction of hepatitis B virus X pro-
tein with the pregnane X receptor enhances the synergistic
effects of aflatoxin B1 and hepatitis B virus on promoting
hepatocarcinogenesis. J Clin Transl Hepatol 2021;9(4):466—
476. doi: 10.14218/JCTH.2021.00036.

Introduction

Hepatocellular carcinoma (HCC) is a primary malignancy
with a high incidence of mortality rate worldwide.'? A spe-
cific association between hepatitis B virus (HBV) infection
and aflatoxin B1 (AFB1) exposure in hepatocarcinogene-
sis has been suggested.34 AFB1, a potent hepatotoxicant
and carcinogen, requires the bioactivation of AFB1 to the
8,9-epoxide form of AFBO, which is the most important risk
factor for HCC due to its irreversible genotoxic effects.5
Epidemiological studies and a previous prospective case-
control study’ have suggested a strong interaction between
HBV and AFB1 exposure in the etiology of HCC.8 However,
the mechanism underlying this synergistic interaction re-
mains unclear.

The pregnane X receptor (PXR) is a ligand-dependent ster-
oid and xenobiotic receptor that is responsible for the meta-
bolic activation or detoxification of several carcinogens, and
may play various roles in hepatocellular carcinogenesis.®10
The metabolism of AFB1 in vivo is closely related to PXR, cy-
tochrome P450 3A4 (CYP3A4), and glutathione S-transferase
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Mu 1 (GSTM1).11 HBV X protein (HBx) is considered a key
regulator in HCC, due to its capacity to function as a deregu-
lated transcriptional activator. Although HBx alone rarely
causes spontaneous liver cancer in our ATX-HBx/FXR~/~
mouse model,’? it increases the incidence of G/C-to-T/A
transversion mutations by approximately 2-fold following
AFB1 exposure in ATX-HBx transgenic mice.13 In addition,
p21-HBx knock-in transgenic (Tg) mice, in which HBx was
knocked into the p21 allele, show spontaneous liver tumors
at the age of 18 months, whereas p21 knockout does not
increase their susceptibility to HCC.1* Considering that the
induction of CYP3A4 by HBx is PXR-dependent and HBx is a
PXR cofactor,®> we propose that HBx-PXR signaling increas-
es the genotoxicity of AFB1 by disrupting the metabolism of
AFBL1 in vivo.

In this study, we demonstrate homeostatic disturbance
of AFB1 metabolizing enzymes by HBx contributes to en-
hancing AFB1 genotoxicity, resulting in oncogenic KRAS
signaling to induce hepatocarcinogenesis via activating a
PXR signaling axis in HBx Tg mice. These results provide a
possible mechanism for the synergism of HBV and AFB1 co-
exposure in hepatocarcinogenesis.

Methods
Cell culture

HepG2 human HCC cells, Hepal-6 murine hepatoma cells,
and AML12 normal murine hepatocytes were obtained from
the American Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were maintained in Dulbecco’s modified Eagle’s
medium (i.e. DMEM), RPMI-1640 medium, or DMEM:F12
medium containing 10% fetal bovine serum, at 37°C in a
5% CO, incubator.

Reagents and plasmids

Pregnenolone 16a-carbonitrile (PCN, a specific mPXR ago-
nist), rifampicin (RIF, a human (h)PXR agonist), and AFB1
were obtained from the Sigma-Aldrich Corporation (St. Louis,
MO, USA). The expression plasmids and vectors for mPXR,

hPXR, and Flag-tagged HBx have been described previous-
|y'15,16

Transient transfection

HepG2 cells were grown to 70-80% confluence in 6-well
plates. Cells were transiently transfected with HBx and/or
PXR using Lipofectamine™ 2000, as previously described.12
Transfected cells were treated with drugs for 24 h before
being lysed and for RNA extraction as described. Transfec-
tion experiments were performed at least three times in
triplicate. Data are presented as fold induction over empty
vector alone.

Reverse-transcriptase polymerase chain reaction,
quantitative real-time polymerase chain reaction
(gRT-PCR), and western blotting

Total RNA was prepared using TRIzol reagent. SYBR Green-
based qRT-PCR was performed with an ABI 7500 Real-Time
PCR System (Applied Biosystems Inc., Hercules, CA, USA).
Data were normalized against a cyclophilin control. The
gRT-PCR primer sequences are presented in Supplemen-

tary Table 1.

Specific antibodies against HBx (MAB8419; Millipore, Dan-
ver, MA, USA), PXR (PP-H4417-00; R&D Systems, Minne-
apolis, MN, USA), MDR1 (ab3366; Abcam, Cambridge, UK),
CYP3A4 (HO0001576-B01P; Novus Biologicals, Littleton, CO,
USA), SULT2A1 (ab38416; Abcam, Cambridge, UK), CYP3A
(sc-30621; Santa Cruz Biotechnology, Dallas, TX, USA), cy-
tochrome p450 1A2 (CYP1A2) (AP11325c; Abgent, Suzhou,
China), and GSTM1 (AP6896b; Abgent, Suzhou, China) were
used.

Cell proliferation assay

Cell viability and AFB1 cytotoxicity were measured using
the cell counting kit-8 (CCK-8) assay (Dojindo Laboratories,
Rockville, MD, USA), as described in the following methods.
HepG2 or PXR knockdown (HepG2) cells®> were trypsinized
and seeded at 5x103 cells/well in 96-well plates. After 24
h, AFB1 was added and incubated for another 24-96 h at
37°C. The effects of different AFB1 concentrations were
evaluated in HepG2 cells after various exposure times. For
longer treatment with AFB1, mycotoxin was added every 48
h, with each medium renewal. Then, 10 puL of CCK-8 solu-
tion was added and plates were incubated for an additional
1-2 h. The optical density for each well was measured at a
wavelength of 450 nm.

HBx Tg mice

Six- to eight-week-old HBx Tg mice were maintained on a 12
h light/12 h dark cycle. Animals were allowed food (stand-
ard chow) and water ad libitum. Mice were euthanized by
CO, asphyxiation 24 h after treatment with 40 mg/kg of
the mPXR agonist PCN by intraperitoneal injection. Livers
were excised, snap-frozen on dry ice, and stored at -80°C
until further analysis. All protocols and procedures were ap-
proved by the Institutional Animal Care and Research Advi-
sory Committee of the Shanghai Cancer Institute. Expres-
sion analysis for PXR, MDR1, CYP3A1ll, SULT2A1, CYP3A,
and GSTM1 was performed by gRT-PCR and immunohisto-
chemistry (IHC).

Administration of toxins

Six pregnant HBx Tg female mice were used in the study.
Pups (3—7 days of age) were inoculated intraperitoneally
with a single injection of AFB1 at 7 mg/kg body weight
(BW)17 with or without 40 mg/kg PCN per week. All dosing
was administered by intraperitoneal injection based on BW
at the time of treatment. Animals treated with solvent ve-
hicle (dimethyl sulfoxide, commonly known as DMSO) were
used as the controls. In the transient genotoxicity study
with AFB1, 3- to 7-day-old animals (n=20, 5 in each group)
were treated with a single dose of AFB1, then euthanized
either at 24 h or 7 days to check for AFB1:DNA adducts.
Six- to eight-week-old animals (16 HBx Tg mice and 6 wild-
type mice) were treated with a single dose of AFB1 at 7
days posttreatment with PCN to assess the activity of PXR
signaling. For the chronic AFB1-induced liver cancer HBx Tg
mice model, HBx Tg offspring (n=48) were randomized into
four groups: (1) vehicle (n=7); (2) AFB1 (n=12); (3) PCN
(n=15); or (4) AFB1+PCN (n=14). Mice were euthanatized
at 14 months by CO, inhalation, and livers were collected
for histopathology and gRT-PCR. All procedures were ap-
proved by the Ethics Committee of Shanghai Cancer In-
stitute.
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IHC and tissue microarray

Clinical samples were obtained from the First Affiliated
Hospital and Second Affiliated Hospital of Shantou Univer-
sity Medical College after acquiring informed consent ac-
cording to an established protocol approved by the Ethics
Committee of Shantou University Medical College (SUMC-
2015-07) and in conjunction with the ethical requirements
of “The Operational Guidelines for Ethics Committees that
Review Biomedical Research” and the Declaration of Hel-
sinki.

Human HCC tissues and mouse liver tissues were ana-
lyzed using IHC, as previously described.'? Tissues were
first placed into paraffin blocks and dewaxed with xylene
followed by rehydration, and antigen retrieval (1:25, DAKO)
was performed according to standard procedures. The tis-
sues were then sequentially blocked with 2% bovine serum
albumin/0.1% Triton X-100 for 60 m at room temperature.
Tissues were incubated with primary antibody against hu-
man PXR (1:40) (PP-H4417-00; R&D) or PXR (1:40) (H1-
160, sc-25381; Santa Cruz Biotechnology, Dallas, TX, USA),
HBx antibody (1:250) (ab39716; Abcam), CYP3A4 (1:500)
(HO0001576-B0O1P; Abnova), SULT2A1 (1:500) (sc-32941;
Santa Cruz Biotechnology), CYP1A2 (1:50) (AP11325c; Ab-
gent), GSTM1 (1:100) (AP6896b, Abgent), CYP3A (1:150)
(L-14; (Santa Cruz Biotechnology), or AFB1 (1:150) (6A10,
Novus Biologicals LLC) at 4°C overnight, followed with bi-
otinylated horseradish-peroxidase secondary antibody for
1 h. For controls, tissues were incubated without primary
antibody.

Immunostaining with antibody against hPXR was per-
formed on a tissue assay of HBV-associated diseases, rep-
resenting 16 normal liver tissues, 24 hepatitis liver tissues,
32 hepatic cirrhosis liver tissues, and 32 HCC liver tissues
(duplicate cores per case), according to the method described
above. The results were observed and photographed with an
Axioskop 2 microscope (Carl Zeiss, Oberkochen, Germany)
and DP70 Imaging System (Olympus, Tokyo, Japan). Slides
were graded as follows: —, 0-5% cells stained; +, 5-10%
cells stained; ++, 10-50% cells stained; +++, >50% cells
stained.

Data mining

Expression patterns of AFB1 metabolic and PXR signaling
genes were analyzed in our previous data (GSE84402),
which included 13 matched HCC samples and correspond-
ing adjacent liver tissues with HBV infection. Similar infor-
mation can also be found in the GSE14520 dataset, which
includes 35 paired clinical early-stage HBV-associated HCC
samples and corresponding adjacent liver tissue.?2 The
relative genes were downloaded and parsed into Excel for
analysis. To uncover the prognostic value of AFB1 metabo-
lism relative to PXR signaling genes in the cohort, a Kaplan-
Meier plotter was used (http://kmplot.com/analysis/). Ad-
ditionally, the HCCDB3 (GSE25097) dataset (http://lifeome.
net/database/hccdb/home.html), which includes 268 HCC
tissues, 243 adjacent liver tissues, 40 cirrhotic liver tissues,
and 6 healthy tissue samples, was used.18

Statistical analysis

Data were expressed as the meanz=standard deviation of
three independent experiments. Significance of the differ-
ences was determined by Student’s t-test. Clinical data
were analyzed using the Wilcoxon signed-rank and Mann-
Whitney U tests. The Kaplan-Meier method with log-rank
analysis was used to obtain estimates of overall survival. A
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p-value <0.05 indicated significant mean differences.

Results

Deregulation of PXR-CYP3A4 signaling is involved in
HBV-associated hepatocellular carcinogenesis

We have previously reported that the PXR mRNA level is
substantially lower in intermediate and end-stage HBV-as-
sociated HCC samples compared to normal and adjacent
noncancerous tissue samples.'> To determine whether PXR
signaling is dysregulated in HCC, the dynamic expression
of PXR was examined in 104 HBV-associated clinical sam-
ples by tissue array. Lower expression was observed in HCC
samples than compared to normal controls, adjacent non-
cancerous tissues, and early small tumors. At the advanced
or end stage, there was a general decrease or even absence
of PXR in tumor tissues (Fig. 1A and Supplementary Table
2). These results suggested that PXR or PXR signaling is
dysregulated in HCC.

We also evaluated the PXR mRNA levels in fresh samples
from patients with HBV-associated liver disease (Fig. 1B).
The association of PXR with pathological stage was analyzed
in six pairs of HCC stage | and HCC stage 11 tissue samples,
by western blotting (Supplementary Fig. 1A). HBx shared
similar strong costaining in cirrhosis but showed low co-ex-
pression with PXR in HCC sections, as observed by IHC in
serial sections (Fig. 1C). Down-regulation of both PXR and
CYP3A4 was observed in 24 paired HBV-associated interme-
diate and advanced HCC tissues compared to corresponding
adjacent noncancerous tissues (Fig. 1D and Supplementary
Fig. 1B). Moreover, a clinical association between PXR and
CYP3A4 with liver disease statuses was found in the HC-
CDB dataset HCCDB3 (Fig. 1E and Supplementary Fig. 1C;
p<<0.0001).

Activation of PXR by its agonist and/or HBx enhanc-
es the toxicity of AFB1

The contribution of HBV infection to hepatocarcinogenesis
following AFB1 exposure is related to the sensitization of
hepatocyte susceptibility to AFBO cytotoxicity.1® We have
previously reported that CYP3A4 is up-regulated in the pre-
HCC stage and adjacent nontumor tissues, and that induc-
tion of CYP3A4 by HBx is PXR-dependent.1®> This suggests
that the activation of PXR by HBx will affect the metabolism
of AFB1 in the liver. As shown in Figure 2A, prolonged ex-
posure to AFB1 led to a significant increase in the sensitiv-
ity toward of AFB1 toxicity. Treatment of HepG2 cells with
RIF, to activate the PXR, increases AFB1 metabolism by
inducing CYP3A4.20 Activation of PXR by HBx produced a
similar effect, i.e. the toxicity of AFB1 was enhanced by RIF
(Fig. 2B). PXR and HBXx co-overexpression also increased
AFB1 hepatoxicity, especially in the presence of RIF (Fig.
2C). Moreover, this effect was abolished by PXR knockdown
(Fig. 2D). These results suggest that atypical activation of
PXR by HBXx is a potent promoting factor that affects AFB1
hepatoxicity.

Molecular mechanism of AFB1 toxicity enhancement
by HBx-PXR interaction

To understand the induction of AFB1 hepatotoxicity by
HBx-PXR interaction, we measured the expression of AFB1
metabolizing enzymes in HepG2 cells transfected with PXR
and/or HBx. Figure 3A shows the key AFB1-metabolizing
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from the HCCDB database (Accession No. HCCDB3).

enzymes involved in hepatocarcinogenesis. CYP3A4, the
most important enzyme involved in converting AFB1 to
AFBO, was significantly up-regulated in HepG2 cells in the
presence of RIF/PXR and AFB1 (Fig. 3B—D). High expres-
sion of CYP3A4 and cytoplasmic immunoreactivity was
also shown in our previous studies on HBV15 and HCV cir-
rhosis, respectively. CYP1A2, which is also responsible for
the formation of AFBO, remained unchanged, in urine of
patients with HCC and chronic HBV, based on comparisons
of the amounts of the AFB1 metabolic product AFM1 and
AFB1-N7 guanine adducts. CYP1A2 remained unchanged
or slightly decreased in HepG2 cells overexpressing PXR
and/or HBx after AFB1 exposure (Supplementary Fig. 2A),
and GSTM1, a major factor responsible for the enzymat-
ic detoxification of AFBO,2! dramatically decreased (Fig.
3C). EPHX1, which is responsible for AFB1 8,9-epoxide
hydrolysis, has been proposed to be important. However,
the rapid nonenzymatic hydrolysis is difficult to perform
in vitro.22

Additionally, the key enzymes metabolizing AFB1 in the
presence of RIF were analyzed in HepG2 cells. Dramati-
cally increased CYP3A4 was found in both the RIF and HBx
treatment groups, whereas CYP1A2 was induced by HBx but
reduced by HBx and RIF. The change in GSTM1 was not
significant (Fig. 3D).

To determine whether PXR signaling indeed regulates key
AFB1-metabolizing enzymes, we used short hairpin RNA
targeting human PXR. We failed to observe a significant in-
duction of CYP3A4 by HBx in PXR knockdown cells, even

upon RIF treatment. In contrast, we observed the induction
of CYP3A4 but not GSTM1 in rescue experiments in PXR
knockdown cells by HBx-PXR interaction (Fig. 3E).

Activated HBx-PXR signaling promotes AFB1: DNA ad-
ducts by disrupting key AFB1-metabolizing enzymes

To explore whether the activation of PXR by HBx can induce
AFB1 genotoxicity in vivo, we analyzed the expression of
AFB1-metabolizing genes. CYP3A11l, GSTM1,2 AND CYP2E1
levels were dramatically increased, while those of Gsta2,
which is the murine glutathione S-transferase isozymes
alpha class 2, and Gsta3 decreased in mouse hepatoma
Hepal-6 cells transfected with hPXR and HBx, and treated
with RIF (Fig. 4A, B). Additionally, the expression of CY-
P3A11 and GSTM1 increased, but that of GSTA3 decreased
in AML12 cells transfected with HBx and treated with AFB1
compared to cells transfected with the empty vector (Sup-
plementary Fig. 2B). To demonstrate the activation of PXR
by HBx in vivo, we showed that there is no difference in
mPXR and mRXR between wild-type and HBx Tg mice (Fig.
4C), and the expression of CYP3A11l was increased in both
HBx Tg and wild-type mice (Fig. 4D, E). To further confirm
the activation by HBx on mPXR, the expression of Mdr1l and
Sult2al was observed in both HBx Tg and control mice (Fig.
4D, E).

To determine the genotoxicity of AFB1l-exposed mice, we
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measured AFB1:DNA adducts by histological evaluation of
newborn mice with and without PCN treatment (Fig. 4F). We
failed to find significant differences between the AFB1 and
AFB1+PCN groups in terms of forming AFB1:DNA adducts
in the liver biopsies of HBx Tg mice; although, there could
have been a marginal increase in AFB1:DNA adducts in the
HBx Tg (AFB1+PCN) group compared to that in the wild-
type (AFB1+PCN) group (Fig. 4F).

CYP1A2 and CYP3A11 increased, while GSTM1 decreased
in HBx Tg mice compared to wild-type mice after treatment
with a single dose of AFB1 (Fig. 4G). Notably, adult mice
could better tolerate aflatoxin-induced genotoxicity, possi-
bly due to the increase in the number of GST genes. Here,
Gstal, Gsta2 and Gsta3, which are responsible for AFB1
detoxification in mice,?® dramatically increased in HBx Tg
mice (Fig. 4G). Also, a significant change occurred in AFB1-
metabolizing enzymes in both AFBl-exposed HBx Tg mice
and control mice, especially after PCN treatment (Fig. 4H,
J), confirming that PXR signaling is involved in the potentia-
tion of AFB1 genotoxicity in vivo, and suggesting that HBx-
PXR-AFB1:DNA adduct signaling might serve as a driver in
hepatocarcinogenesis.

Activated PXR signaling promotes AFB1-induced
liver tumorigenesis in HBx transgenic mice

To determine the possible effect of HBx in potentiating the
ability of AFB1 to induce tumorigenesis via PXR signaling,
we established a chronic AFB1-induced liver tumor HBX Tg
mouse model (Fig. 5A). We treated newborn mice with a

single dose of AFB1, PCN, or vehicle neonatally. A total of
48 HBx Tg mice were euthanized and examined for liver tu-
mors at 14 months of age. As shown in Figure 5B, approxi-
mately 42.9% (6/14) of mice treated with AFB1+PCN and
20.0% (3/15) of those treated with only AFB1 developed
identifiable liver tumors, whereas no visible neoplasms
or preneoplastic lesions were observed in the vehicle or
PCN group for up to 14 months. Tumorigenesis in both the
AFB1 and AFB1+PCN groups were confirmed by hematoxy-
lin and eosin staining (Fig. 5C). Tumor numbers (6/6) and
liver index (ratio of liver weight to BW) in male mice in
the AFB1+PCN group were higher than the tumor numbers
(3/8) of their male counterparts in the AFB1 group (Fig.
5D, E). Similarly, tumor incidence in the female AFB1+PCN
group was higher than that in their female counterparts in
the AFB1 group (Fig. 5F).

To gain insight into the heightened carcinogenesis in the
AFB1+PCN group, we observed the up-regulation of the on-
cogene KRAS, which is consistent with tumor incidence. On-
cogenic Ras can induce interleukin (IL)11 production in both
mouse NIH3T3 and human pancreatic carcinoma cells.?4
However, we failed to show a significant change in IL11 (Fig.
5G). Considering the function of IL11 is dependent on the
binding of IL-11 receptor subunit alpha-1 (IL11RA-1), which
is reportedly involved in liver fibrosis, hepatocyte death,
and inflammatory response,?> we assessed the expression
of IL11RA-1 and showed a similar pattern between KRAS
and IL11RA-1 in AFB1-induced liver tumorigenesis animal
models (Fig. 5G). Since IL11 is a canonical member of the
IL6 family, which has been identified as a key driver of hep-
atocarcinogenesis,?6-27 we also examined the expression of
IL6, which is substantially increased in mouse-liver tumori-
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Fig. 3. Relationship of AFB1-metabolizing genes and the activated hPXR signaling pathway in HCC. (A) Schematic showing the key enzymes or steps in the
metabolism of AFB1 in liver. (B,C) AFB1 and/or RIF enhanced CYP3A4 and GSTM1 expression. HepG2 cells were transiently transfected by PXR alone or PXR and HBX,
and treated with RIF and/or AFB1 (3 pM), and then mRNA was isolated for qRT-PCR analysis of CYP3A4 and GSTM1. (D) Relationship of AFB1 metabolizing genes and
the activated endogenous PXR signaling pathway in HepG2 cells. (E) Expression of genes related to AFB1 metabolism in cells overexpressing PXR with or without HBX.

genesis. The expression of IL6 receptors showed either an
opposite or no change (Fig. 5H).

Clinical implications of an HBx-PXR-AFB1 metaboliz-
ing signaling axis in patients with virus-associated
HCC

To assess the clinical significance of AFB1-metabolizing
genes in HBV-associated HCC, we compared the ratio of
AFB1-metabolizing genes in 24 paired HBV-associated in-
termediate and advanced HCC clinical samples (Fig. 6A).
The expression patterns of PXR, CYP3A4, GSTM1, KRAS,
and IL11RA in HBV-associated HCC were further confirmed
by data mining in the GSE84402 dataset (Fig. 6B). Con-
sistently, we observed possible clinically associated expres-
sion patterns of PXR, CYP3A4, GSTM1, KRAS, and IL11RA
in GSE14520, which included 35 paired clinical early-stage
HBV-associated HCC samples and corresponding adjacent
liver tissue samples (Fig. 6C and Supplementary Fig. 3A—
J). Additionally, to further uncover the possible prognostic
value of PXR, CYP3A4, GSTM1, KRAS, IL11, and IL11RA in
the cohort, RNA-Seq data from 93 Asian patients with HCC
and hepatitis virus infection were analyzed by Kaplan-Meier
plots with a log-rank test. We found that poor overall sur-
vival of HCC patients was associated with high CYP3A4 and

GSTM1 expression levels (Fig. 6D, E; log-rank p<0.05) but
not with PXR, KRAS, IL11, and IL11RA (Supplementary Fig.
4A-D).

Discussion

Viral infection alone is rarely oncogenic in hepatocarcino-
genesis,?8 although integration sites in the human genome
of HBV have been observed more frequently in tumors.2°
The TERT promoter, Wnt, TP53, and MLL4 confer risk for
HBV-related HCC, as determined through a genome-wide
association study3® and exome sequencing.3! However,
HBV and its DNA replication fail to increase DNA damage
and TP53 mutation by AFB1 in HepaRG cells, which have
hepatocyte-like morphology, effectively metabolize AFB1
and support HBYV infection.32 Aflatoxin exposure to individu-
als with HBV infection increases the risk of HCC by at least
3-fold.33 Hepatic oval cells, considered to be liver stem cells,
cause liver tumors in an overexpressing HBx xenograft tu-
mor model combined with AFB1 exposure.34 The collabora-
tive effect of HBx and AFB1 in causing hepatic steatosis in
zebrafish and HBV transgenic mice has been reported.3° Our
results suggest an HBx-PXR-CYP3A4/GSTM1-AFB1 genotox-
icity-KRAS-IL11:IL11RA signaling axis to explain the syn-
ergistic effect of chemical and infectious liver carcinogens
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in 24 paired HBV-associated HCC samples. The value represents the ratio of gene expression in adjacent nontumor tissues to that in the corresponding HCC. (B) Ex-
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the early-stage HBV-associated HCC dataset (GSE14520). (D, E) Prognostic value for survival time of CYP3A4 and GSTM1 in the Asian HCC cohort with hepatitis. (F)
Schematic diagram illustrating AFB1 exposure combined with ectopic activation of PXR signaling by HBx in hepatocarcinogenesis. Under the conditions of AFB1 and HBV
co-exposure, the binding of agonist-activated PXR with RXRa to the PXRE region of the CYP3A4 promoter is enhanced by HBx coactivation. Bioactivation of AFB1 to
AFBO, which is catalyzed by CYP3A4, is augmented as a result of enhanced transactivation of the CYP3A4 gene. Alternatively, the detoxification pathway through EPHX
and GSTM1 is compromised by the molecular interaction of PXR and HBx due to transcriptional suppression of GSTM1. As a result, genotoxic AFBO accumulates to form
DNA adducts or binds to proteins and causes genomic instability, which may lead to mutations in p53 and/or an increased activity of the KRAS-1L11:1L11RA-1 axis.

in hepatocarcinogenesis (Fig. 6G), although the findings
are not likely the only reasonable explanation for hepatitis
virus-associated HCC (Fig. 6F).

PXR can increase toxic xenobiotic-induced hepatotox-
icity in the liver.10:36 CYP3A4 increases liver toxicity by
metabolizing xenobiotics to carcinogens, which has been
shown to have clinical significance.3” PXR-CYP3A11 might
be involved in the inflammatory response to tumorigenesis
in AFB1-induced liver tumor models.38 HepG2 cells with
activities of various phase I, Il, and Ill enzymes repre-
sent a good cellular model to investigate the activation and
detoxification of genotoxic procarcinogens.3® Our findings

that RIF increases susceptibility to AFB1 in HepG2 cells
but not PXR knockdown cells also support our hypothesis
that PXR is involved in the activation and detoxification of
AFBL1. Iterative HBV infection leads to interrelated changes
in CYP3A4 involved in the carcinogenic activation of AFB1
in patients with hepatitis or cirrhosis.#® The induction of
P450s by HBx has been associated with the bioactiva-
tion of AFB1 to AFBO.4! Subsequently, we showed that
HBX increases AFB1 cytotoxicity via PXR-CYP3A4 signal-
ing. Moreover, chromatin immunoprecipitation- sequenc-
ing data show GSTM1, a phase Il metabolism gene closely
related to HCC,#? is regulated by PXR.43 Of note, in China
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in early 1995, individuals from a high AFB1-exposed popu-
lation with mutant genotypes at EPHX1 and GSTM1 were
reported to be at greater risk for HCC due to p53 muta-
tions at codon 249. EPHX1 is speculated be a novel PXR
target gene.** However, the EPHX1 locus did not appear
to be related to HCC in a human study including 231 HCC
cases and 256 controls.*> Despite the fact that HBx might
be involved in the induction of phase | and Il metabolic en-
zymes responsible for the bioactivation and elimination of
AFB1,46 HBx alone is insufficient to induce most CYPs and
GSTs to alter the antioxidant system in most cell studies
and animal models.4” Mariana et al.*® reported that, via a
meta-analysis, the evidence for HBV-aflatoxin interaction
with TP53 mutation in HCC is weak. Sulforaphane inhibits
the formation of AFB1:DNA adducts, which is dependent
on transcriptional repression of AFB1 metabolic enzymes
rather than direct inhibition of catalytic activity, and GSTM1
has strong protective effects against DNA damage by AFB1
in the human liver.#® Similarly, the synergistic interaction
between virus and AFB1 exposure does not provide direct
evidence to elucidate the synergistic effect of co-exposure
of HBx and chemical carcinogens.

Based on our observations, HBx-PXR signaling can in-
crease AFB1 hepatotoxicity in HepG2 cells, and activated
PXR can promote the incidence and number of liver ma-
lignancies resulting from AFBl-induced carcinogenesis in
HBx Tg mice by the age of 14 months, as observed in com-
parison to our cohort of paired only AFB1 exposure, vehi-
cle, and PCN groups. Therefore, we propose that abnormal
transactivation of PXR by HBx and/or AFB1 may promote
subsequent carcinogenesis, despite the fact that we did
not show whether there is a difference in AFB1:DNA ad-
ducts between the AFB1+PCN group and AFB1 treatment
only group in the initiation stage of carcinogenesis. Moreo-
ver, sex disparity is a remarkable feature of inflammation-
driven HCC.! IL-6 has been identified as a key regulator of
male-predominant liver carcinogenesis.?® We also showed
that males develop liver neoplasms with much higher fre-
quency than females, and KRAS-mediated canonical IL-6
family member IL11:1L11RA-1 signaling may be a major
driver of hepatocellular carcinogenesis in our animal mod-
els; although, we still cannot discount the interference from
IL6:IL6RA signaling.

In conclusion, by exploring the relationship between HBx-
PXR interaction and AFB1 metabolism, we propose that sus-
tained activation of PXR, especially by HBx, might aggra-
vate the hepatotoxicity or genotoxicity of AFB1 by inducing
CYP3A4 and reducing GSTM1. Furthermore, increased tumor
development may be linked to an oncogene KRAS-mediated
IL11:1L11RA inflammatory response to induce HCC. Overall,
we uncovered an HBx-PXR-CYP3A4/GSTM1-AFB1 genotox-
icity-KRAS-IL11:IL11RA signaling axis to explain the syn-
ergistic effect of chemical and infectious liver carcinogens
in hepatocarcinogenesis, though the exact relationship of
IL11RA signaling, synergistic effects of aflatoxin B1 and HBV
in promoting hepatocarcinogenesis remains complicated.
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Abstract

Background and Aims: Unfractionated heparin (UFH) and
bivalirudin are widely used as anticoagulants in cardiovas-
cular medicine, including for thrombosis prevention during
coronary angiography (CAG) and percutaneous coronary in-
tervention (PCI). Little is known of the effects of UFH and
bivalirudin on liver and kidney function in patients subjected
to these procedures. This study compared the effects of bi-
valirudin and UFH on liver/renal function in patients with
coronary artery disease who underwent CAG, with or with-
out PCI. Methods: The study comprised 134 consecutive
patients (40—-89 years-old), who underwent CAG (or CAG
and PCl); among them, 66 and 68 patients were subject to,
respectively, bivalirudin or UFH. The following indicators of
liver/renal function were measured before and after the pro-
cedures: plasma alanine aminotransferase (ALT), aspartate
aminotransferase (AST), blood urea nitrogen, estimated
glomerular filtration rate (eGFR), creatinine clearance, and
serum creatinine. Patients were further stratified by sever-
ity of chronic kidney disease (CKD), based on original eGFR.
Results: Relative to baseline, in the bivalirudin group, ALT
and AST were higher after CAG (p=0.005, 0.025), while
blood urea nitrogen and serum creatinine were lower
(p=0.049, <0.001). In the UFH group, ALT, AST, eGFR, and
creatinine clearance were lower after CAG (p<0.001, all).
Patients given bivalirudin with moderate or severe CKD, but
not those with mild CKD, gained significant improvement in
kidney function. Conclusions: Relative to UFH, bivalirudin

Keywords: Bivalirudin; Unfractionated heparin; Coronary artery disease; Coro-
nary angiography; Percutaneous coronary intervention; Liver function.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotrans-
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may better safeguard the renal function of patients with
coronary artery disease who undergo CAG, especially pa-
tients with moderate-to-severe renal insufficiency. UFH may
cause less liver damage than bivalirudin.
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Introduction

Coronary angiography (CAG) and percutaneous coronary
intervention (PCI) are recommended for patients with a
high risk of acute coronary syndrome. These procedures re-
quire adjunctive antithrombotic therapy with anticoagulants
and antiplatelet agents.! However, there is no gold standard
antithrombotic agent, with both optimal clinical benefits and
acceptable risk of complications.

Unfractionated heparin (UFH) is one of the oldest agents
applied for prevention and treatment of arterial and venous
thromboembolism, and is used widely as an anticoagulant
during CAG and PCI for its convenience, safety, and low
cost. In addition, many new anticoagulation agents have
appeared in clinical practice in recent decades. Bivalirudin
is a direct thrombin inhibitor, extracted from the derivative
hirudin fragment, which is widely used in patients undergo-
ing PCI. Compared with UFH or glycoprotein Ilb/Illa inhibi-
tors, the clearance of bivalirudin is less dependent on renal
function,? and bivalirudin is characterized by rapid onset
and fewer complications, with a short half-life of 25 minutes
under normal renal function.3

Bivalirudin is currently considered an alternative for pa-
tients with progressed and advanced chronic kidney disease
(CKD).# CKD is prevalent among patients with coronary ar-
tery disease (CAD) and has been associated with shorter
survival, bleeding, and thrombosis as a complication of
PCI1.5-7 This may be due to the multiple hemostatic pertur-
bations in patients with CKD.8-°

Hemostasis is largely modulated by protein synthesis

Copyright: © 2021 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.
“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/JCTH.2020.00150 and can also be viewed
on the Journal’s website at http://www.jcthnet.com”.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/JCTH.2020.00150
mailto:enzhijia@njmu.edu.cn
mailto:enzhijiacn@aliyun.com

and degradation in the liver. In patients with severe liver
disease, the hemostatic system is always dysfunctional be-
cause of hepatic protein synthesis disorders.1° Yet, studies
concerning the effects of anticoagulants on liver function
are limited.

To aid clinicians’ selection of anticoagulant, the present
study evaluated the relative effects of bivalirudin and UFH
on the liver and kidney functions of patients with CAD who
underwent CAG, with or without PCI.

Methods

Participants

Participants were recruited from consecutive patients
who underwent CAG with or without PCI at the First Af-
filiated Hospital of Nanjing Medical University from 8 July
2017 to 30 June 2020. Patients with any of the following
were excluded: massive hemorrhage within 1 month; se-
vere thrombocytopenia (blood platelet count <20x109%/L);
dialysis-dependent end-stage renal failure; or allergy to
bivalirudin or hirudin. Massive hemorrhage sufficient for
exclusion was defined as clinically overt bleeding, accom-
panied by a decrease in hemoglobin =2 g/dL, requiring a
transfusion of 22 U of packed red blood cells, and occurring
at a site of concern (intracranial, intraocular, intraspinal,
intra-articular, intramuscular with compartment syndrome,
pericardial, or retroperitoneal), or resulting in death.11

Finally, the study population consisted of 134 patients,
aged 40 to 89 years. Among them, 66 and 68 were admin-
istered, respectively, bivalirudin and UFH as antithrombotic
therapy during CAG.

Application of bivalirudin and UFH during CAG

Bivalirudin was given intravenously at a loading dose of
0.75 mg/kg before CAG, and then at 1.75 mg/kg/h as intra-
venous drip until the end of the surgery, with an additional
4 h intravenous drip for those who underwent PCI. During
CAG, patients with creatinine clearance (CCr <30 mL/m and
not on dialysis were given bivalirudin at a rate of 1.0 mg/
kg/h. UFH was given intravenously at a dose of 2,000 U
before angiography, with an additional 0-14,000 U of UFH
during the operation on an as-needed basis for those under-
going PCI. lodixanol injection was used as contrast agent
for CAG and PCI.12

Clinical design

Demographic data, medical history, and the results of lab-
oratory measurements of the patients, including alanine
aminotransferase (ALT, in U/L), aspartate aminotransferase
(AST, in U/L), blood urea nitrogen (BUN, in mmol/L), se-
rum creatinine (SCr, in pmol/L), total cholesterol (TC, in
mmol/L), triglyceride (TG, in mmol/L), fasting high-density
lipoprotein (HDL) cholesterol (in mmol/L), fasting low-den-
sity lipoprotein (LDL) cholesterol (in mmol/L), fasting blood
glucose (FBG, in mmol/L), uric acid (UA, in pmol/L), myo-
globin isoenzyme of creatine phosphokinase (CK-MB, in ng/
mL), myohemoglobin (MHB, ng/mL), red blood cell count
(x10%2/L), white blood cell count (x<10°/L), platelet count
(*<109/L), hemoglobin (in g/L), and the Gensini score, were
collected and sorted in a dedicated database. The differ-
ences in the following laboratory parameters before (base-
line) and after CAG were compared between the bivalirudin
and UFH groups: ALT, AST, creatinine clearance (CCr), and
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estimated glomerular filtration rate (eGFR). The results of
CAG were reported by at least two experienced cardiologists
immediately at the end of the procedure. The Gensini score
was used to evaluate the severity of CAD,'3 after all proce-
dures and other data collection.

The CCr was estimated using the Cockcroft-Gault equa-
tion, as follows: CCr in mL/m=(140-age, y)>(weight in
kg)>=(0.85, if female)/(72xSCr in mg/dL).>* The eGFR in
this Chinese population was calculated using the “CKD-EPI”
equation as follows, with the GFR expressed as mL/m/1.73
m2, SCr as mg/dL. and age in years. For females with SCr
<(>)0.7, then eGFR=(144)x(SCr/0.7)2x(0.993)3%¢, where
a=-0.329 (-1.209). For males with SCr <(>)0.9, then
eGFR=(141)>(SCr/0.9)2x(0.993)3%,  where a=-0.411
(-1.209).15

Patients were stratified according to eGFR as having mild
(260 mL/m), moderate (30-69 mL/m), or severe (<30
mL/m) CKD.6

Ethical approval and consent to participate

All patients provided written informed consent. The ethics
committee of Nanjing Medical University approved all the
experimental protocols.

Data analysis

The data analysis was performed using the Statistical Pack-
age for Social Sciences software (ver. 16.0; SPSS, Chicago,
IL, USA). Skewed data are presented as median (inter-
quartile range), normal data as mean=standard deviation,
and categorical data as absolute values. Data analyses
utilized chi-squared tests to determine differences in sex,
smoking status, drinking status, and medical history. In-
dependent samples t-tests, one-way analysis of variance,
and paired samples t-tests were applied to normal data,
as appropriate. Other baseline characteristics (non-normal
data) were examined by Mann-Whitney and Wilcoxon rank
tests. Multi-factor logistic regression analysis was applied
to identify the risk factors to liver function and kidney func-
tion. A p-value of <0.05 was considered significant in the
2-tailed tests.

Results

Baseline characteristics of the subjects

Compared with the patients given UFH in this study, the
patients in the bivalirudin group were significantly old-
er (p<0.001), and with higher levels of ALT, SCr, BUN
(p<0.001, each), and AST (p=0.002). In addition, patients
in the bivalirudin group had significantly higher rates of hy-
pertension, cerebral infarction (p=0.002, both) and CAD
(p=0.011). The HDL cholesterol (p=0.280), LDL cholesterol
(p=0.274), and FBG (p=0.836) (Table 1).

Baseline characteristics of the bivalirudin group
stratified by CKD severity

Renal function was judged prior to CAG as mild, moderate, or
severe based on eGFR, according to the international stand-
ard (Table 2).16 Among all the baseline characteristics consid-
ered, levels of only the following increased significantly with
classification of severity: SCr, BUN, UA, and MHB (p<0.001,
all). Only FBG decreased with severity of CKD (p=0.032).
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Table 1. Baseline characteristics of the subjects by the anticoagulants used in CAG and PCI

Bivalirudin UFH P

Subjects, n 66 68 —
Age, years 71.09%+11.53 62.68+9.18 <0.001
Sex, M/F 51/15 50/18 0.615
Weight, kg 69.39+11.05 66.72+7.82 0.109
Hypertension, Y/N 55/11 40/28 0.002
Diabetes mellitus, Y/N 26/40 19/49 0.160
Cerebral infarction, Y/N 23/43 8/60 0.002
Smoke, Y/N 25/41 31/37 0.327
Drink, Y/N 15/51 11/57 0.338
ALT, U/L 22.65 (14.28-34.23) 35.00 (27.93-44.00) <0.001
AST, U/L 22.65 (17.95-31.10) 27.85 (20.93-40.78) 0.002
SCr, pmol/L 117.00 (80.85-186.95) 61.20 (51.83-73.13) <0.001
BUN, mmol/L 8.36 (6.10-13.95) 5.69 (4.75-6.81) <0.001
TC, mmol/L 4.04+1.23 3.95+1.05 0.664
TG, mmol/L 1.20 (0.93-1.62) 1.39 (0.94-2.04) 0.177
HDL, mmol/L 0.98+0.29 1.02+0.23 0.280
LDL, mmol/L 2.48+0.90 2.32+0.78 0.274
FBG, mmol/L 5.03 (4.34-6.13) 4.99 (4.48-6.26) 0.836
UA, pmol/L 427.29+134.88 318.81+99.09 <0.001
CK-MB, ng/mL 3.79 (2.39-12.18) 2.05 (1.66-3.62) <0.001
MHB, ng/mL 24.00 (11.30-43.64) 13.18 (10.36-19.95) 0.003
Gensini score 86.00 (37.75-126.00) 48.00 (12.88—93.00) 0.011

Skewed data are presented as median (interquartile range), normal data as meanzstandard deviation, and categorical data as absolute values. N, no; Y, yes.

Liver and renal function tests before and after CAG

To evaluate the potential benefits of bivalirudin for patients
with CKD, the differences in ALT, AST, BUN, and SCr from
baseline after CAG were examined (Table 3). For patients giv-
en bivalirudin, the serum levels of ALT and AST were signifi-
cantly higher after CAG (p=0.005, 0.025, respectively), which
indicated possible liver injury, while BUN and SCr were lower
(p=0.049, <0.001), suggesting a renoprotective effect. Sig-
nificant increases in the calculated CCr (p=0.001) and eGFR
(p=0.022) also indicated improvement in renal function.

In the UFH group, the serum levels of ALT and AST sig-
nificantly declined after CAG compared with the baseline
(p<0.001, =0.001); while BUN (p=0.009), SCr (p<0.001),
CCr (p<0.001) and eGFR (p<0.001) decreased. Thus, UFH
may exert some positive effects on the liver but not on the
kidney.

Differences in eGFR after CAG according to eGFR and
Gensini score

To explore the renal benefits of bivalirudin among patients
with different original renal functions, patients were appor-
tioned to three groups according to eGFR; as mild, moderate
or severe CKD (Table 4). Patients with moderate or severe
CKD gained significant renal benefits (p=0.018, 0.039), while
patients with mild CKD failed to show obvious improvements
in kidney function (p=0.890). This suggested that bivalirudin
may be more likely to exert renoprotective effects in patients
with moderate-to-severe renal insufficiency.

Gensini scoring is widely used for determining the sever-
ity of CAD (Table 4). To investigate further the renal benefits
of bivalirudin in patients with different severities of CAD,
patients were apportioned to three groups according to the
range interquartile of Gensini score. The eGFR data after
CAG in patients with different severities of CAD showed no
significant difference, suggesting that the renal benefits of
bivalirudin may be not related to the severity of CAD.

Risk factors of liver and renal effects based on multi-
factor logistic regression analysis

To identify risk factors of liver and renal effects among the
overall population, a multi-factor logistic regression analy-
sis was conducted (with the forward selection-conditional
method; Table 5). The following were determined to af-
fect renal function independently: the anticoagulant used
in PCI (p<0.001); weight (p=0.001); and, Gensini score
(p=0.030). Bivalirudin increased the probability of improve-
ment in renal function by 82.7% compared with UFH.
Similarly, UFH exerted a hepatoprotective effect that
was independent of other potentially confounding factors.
In the UFH group, the plasma levels of ALT and AST were,
respectively, 82.2% and 65.8% in the bivalirudin group.

Discussion

In this study, we compared the effects of bivalirudin and
UFH on liver and renal function in patients with CAD who
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Table 2. Baseline characteristics of patients’ prior bivalirudin by CKD severity

Mild Moderate Severe P

Subjects, n 26 25 15 —
Age, years 67.92+11.92 72.84+12.21 73.67x8.76 0.195
Sex, M/F 19/7 19/6 13/2 0.595
Weight, kg 71.87%+11.41 68.00%+10.58 67.43+11.11 0.343
HTN, Y/N 19/7 22/3 14/1 0.179
Diabetes mellitus, Y/N 8/18 9/16 9/6 0.165
Cl, Y/N 11/15 9/16 3/12 0.348
Smoke, Y/N 10/16 9/16 6/9 0.966
Drink, Y/N 5/21 7/18 3/12 0.726
ALT, U/L 26.75 (15.18-39.45) 19.60 (13.95-31.25) 24.00 (12.50-31.60) 0.216
AST, U/L 25.35 (18.35-35.23) 23.50 (18.80-29.25) 18.20 (14.00-21.90) 0.091
SCr, umol/L 74.07+19.33 139.50%+30.40 286.75+93.49 <0.001
BUN, mmol/L 6.32+2.83 10.26%+4.07 16.76+4.48 <0.001
TC, mmol/L 3.92+1.24 4.10%1.24 4.15%1.25 0.818
TG, mmol/L 1.55+0.78 1.26+0.43 1.18+0.52 0.112
HDL, mmol/L 0.89+0.28 1.08+0.28 0.95+0.27 0.068
LDL, mmol/L 2.36+0.83 2.48+1.00 2.70+0.89 0.517
FBG, mmol/L 5.46 (4.84—6.69) 4.91 (4.37-5.96) 4.47 (4.04-5.35) 0.032
UA, pmol/L 346.01+103.48 468.71+118.81 499.13+142.44 <0.001
CK-MB, ng/mL 3.75 (2.39-11.35) 3.15 (2.06—7.70) 6.07 (2.52—14.99) 0.426
MHB, ng/mL 14.50 (8.54—22.28) 25.00 (12.26-39.44) 78.88 (34.78-116.36) <0.001
Gensini score 101.13+85.63 91.26%+60.57 81.90+80.82 0.730

Data points are as reflected by eGFR. Skewed data are presented as median (interquartile range), normal data as mean=standard deviation, and categorical data as
absolute values. Cl, cerebral infraction; HTN, hypertension; N, no; Y, yes.

urements, data collection, and statistical comparisons, we
made some surprising and interesting discoveries.
In the group given UFH, the ALT and AST levels after CAG

underwent CAG, with or without PCI. For data analysis,
the subjects were apportioned to either the bivalirudin or
UFH group, as appropriate. After rigorous laboratory meas-

Table 3. Laboratory parameters reflecting liver and renal functions before and after CAG in the bivalirudin and UFH groups

Before PCI After PCI P
Bivalirudin
ALT, U/L 22.65 (14.28-34.23) 27.00 (21.55-36.00) 0.005
AST, U/L 22.65 (17.95-31.10) 25.50 (19.20-32.95) 0.025
BUN, mmol/L 10.18+5.43 9.53+5.10 0.049
SCr, pumol/L 147.19%+94.99 136.68+84.91 <0.001
CCr, mL/m 53.54+33.61 58.02+38.56 0.001
eGFR, mL/m 55.21+31.49 57.79+32.19 0.022
UFH
ALT, U/L 35.00 (27.93-44.00) 28.70 (19.43-40.58) <0.001
AST, U/L 27.85 (20.93-40.78) 27.00 (19.48-38.48) 0.001
BUN, mmol/L 5.81+1.52 5.37x1.62 0.009
SCr, pmol/L 64.43+17.20 68.83+17.44 <0.001
CCr, mL/m 99.37+26.69 92.07%+21.93 <0.001
eGFR, mL/m 100.53+15.41 96.80+15.53 <0.001
480 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 477-483
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Table 4. Baseline and postoperative? eGFR values according to severity of CKD and Gensini score in the bivalirudin group

Subjects, n Baseline Postoperative P

CKDP

Mild 26 88.73+19.43 90.82+22.32 0.406

Moderate 25 41.89+7.80 45.03+9.73 0.018

Severe 15 19.33+6.57 21.80+7.31 0.039
Gensini score

<37.5 16 55.31+37.62 56.50+36.01 0.542

37.5-126 35 52.33+28.23 55.35+30.47 0.099

>126.5 15 61.86+32.91 64.84+33.13 0.064

Data are presented as mL/m. 2Before and after CAG; PeGFR ranges for mild, moderate, and severe CKD were 260, 30-60, and <30 mL/m, respectively.

were significantly lower compared with the baseline levels.
This appears to conflict with previous studies. According to
the National Library of Medicine’s LiverTox database, hepato-
toxicity is the most frequently reported adverse event associ-
ated with heparins,1-24 and 8% of the events were due to
UFH.!8 The association between UFH and elevations in serum
AST was first reported in 1975.1° However, although AST lev-
els were higher after heparin administration, such elevations
were asymptomatic and did not lead to severe liver injury.
Conjectured mechanisms included non-hepatic sources for
the enzymes, 2% induction of these enzymes in hepatocytes,?®
reduction in the clearance of these enzymes from circulation,
and hepatocellular membrane modification.?”-28 In a recent
randomized study, circulating mir-122 was selected as a bio-
marker to identify liver cell necrosis. The researchers opined
that heparins, including UFH, may cause a transient, low-
level death of hepatocytes, and the subsequent activation of
innate immune response may promote the injury.2°

For clarification, we explored the data further. Among the
68 patients in the UFH group, 8 had higher pre-CAG ALT lev-
els than normal and the remaining 60 had normal pre-CAG
ALT levels. While among the eight patients who had high-
er pre-CAG ALT levels, 4 showed ALT descent to a normal
level after CAG. Besides, 14 patients had higher pre-CAG

AST levels among the 68 subjects, and only 3 patients’ AST
level descended to a normal level after CAG. After taking
an intersection, we found that only two patients with both
higher pre-CAG ALT and AST levels among the 68 subjects
achieved improved ALT and AST levels, which descended to
normal (where elevation of ALT and AST was defined as >69
and >45 U/L).

On the other hand, among the 66 patients given biva-
lirudin, 64 had normal pre-CAG ALT levels and only 2 had
higher pre-CAG ALT levels than normal. While among the
64 patients who had normal pre-CAG ALT levels, 4 patients’
ALT rose to an abnormal level after CAG. Besides, 62 pa-
tients had normal pre-CAG AST levels among the 66 sub-
jects, and 7 patients’ AST level rose to an abnormal extent
after CAG. After taking an intersection, two patients with
both normal pre-CAG ALT and AST levels in the bivalirudin
group showed worse ALT and AST levels, which became ab-
normal (where normal ALT and AST was considered 13—69
U/L and <45 U/L).

It was reported that cardiac hepatopathy, which is used
to describe any liver damage caused by cardiac disorders in
the absence of other possible causes of liver damage, can be
examined as congestive hepatopathy and acute cardiogenic
liver injury. Furthermore, acute cardiogenic liver injury is

Table 5. Multi-factor logistic regression analysis of associations between anticoagulant (bivalirudin or UFH) and basic characteristics of patients and

renoprotective effects?, AALT®, and AAST®

OR (95%06 CI) P

Renoprotective effects®

Anticoagulant 0.173 (0.073-0.409) <0.001

Weight 0.922 (0.878-0.968) 0.001

Gensini score 1.007 (1.001-1.013) 0.030
AALTP

Anticoagulant 0.178 (0.078-0.404) <0.001

TG 0.478 (0.244-0.936) 0.031
AAST®

Anticoagulant 0.342 (0.155-0.755) 0.008

Sex 0.395 (0.159-0.980) 0.045

Gensini score 1.011 (1.005-1.018) 0.001

aThe renoprotective effect was calculated as AeGFR=eGFR,—eGFR,; where eGFR, and eGFR, are the eGFR values before and after CAG, respectively. AeGFR >0 (<0)
indicates positive (negative) renoprotective effects. The covariates were age, sex, weight, medical history, smoking and drinking status, plasma levels of ALT, AST,
BUN, TC, TG, HDL, LDL, FBG, UA, CK-MB and MHB, and Gensini score. PAALT=ALT,—ALT,; where ALT, and ALT, are the ALT values before and after CAG, respectively.
The covariates were age, sex, weight, medical history, smoking and drinking status, plasma level of AST, SCr, BUN, TC, TG, HDL, LDL, FBG, UA, CK-MB and MHB, and
Gensini score. ®AAST=AST,—AST,; where AST, and AST, are the AST values before and after CAG, respectively. The covariates were age, sex, weight, medical history,
smoking and drinking status, plasma level of ALT, SCr, BUN, TC, TG, HDL, LDL, FBG, UA, CK-MB and MHB, and Gensini score.
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most commonly associated with acute cardiocirculatory fail-
ure caused by acute myocardial infarction, acute decompen-
sated hepatic failure, or myocarditis.3° In acute cardiogenic
liver injury patients, the laboratory measurements showed
elevation in transaminase and lactate dehydrogenase lev-
els.39-32 Thus, we hypothesize that the decline in transami-
nase in the UFH group was mainly due to the improvement
in coronary circulation and myocardial oxygen delivery after
the CAG; the liver benefited as well, and the mild liver injury
from the UFH was more than compensated for.

Thus, regarding liver function, patients undergoing CAG
and PCI may benefit more from UFH, relative to bivalirudin.
Notably, heparins were shown to alleviate liver injury in sev-
eral animal studies.33.34

In addition, significant renal improvement was observed
in the bivalirudin group compared with the UFH (Supple-
mentary Fig. 1 and 2). This was especially true for patients
suffering from moderate or severe CKD; patients with eGFR
>60 mL/m showed no significant renal benefits from biva-
lirudin. The paired-samples tests suggested that the reno-
protective effects of bivalirudin may not be associated with
the severity of CAD. In other words, the renal benefits of
bivalirudin may be enjoyed by patients with either mild or
severe CAD.

This study has several limitations. First, the sample size
is small, which may lead to inaccuracy of the results and
conclusions. Further studies with large samples are war-
ranted. Second, the results would be more convincing if
patients with similar renal function were matched with the
bivalirudin group as a control group. The mechanisms of the
effects on liver and kidney of bivalirudin and UFH have not
been clarified, and we intend further explorations of these
questions in the future.

Despite its limitations, this study is the first to discuss the
renal benefits of bivalirudin, and to suggest a possible liver
benefit associated with UFH, in patients undergoing CAG
and PCI. This report may help physicians choose anticoagu-
lants for patients with abnormal liver and kidney function.
We have planned a future multicenter, large-sample, and
multi-ethnic study to verify these conclusions and explore
the mechanisms.

Conclusions

As anticoagulants used for CAG and PCI procedures, bivali-
rudin may provide better benefit to renal function compared
with UFH, especially in patients with moderate-to-severe
renal insufficiency. On the other hand, UFH is less likely to
cause liver injury than bivalirudin.
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Abstract

Background and Aims: Previous studies reported that
serum resistin levels were remarkably changed in patients
with nonalcoholic fatty liver disease (NAFLD) but the con-
clusions were inconsistent. The aim of this study was to
investigate accurate serum resistin levels in adult patients
with NAFLD. Methods: A complete literature research was
conducted in the PubMed, Embase, and Cochrane Library
databases, and all the available studies up to 7 May 2020
were reviewed. The pooled standardized mean difference
(SMD) values were calculated to investigate the serum re-
sistin levels in patients with NAFLD and healthy controls.
Results: A total of 28 studies were included to investigate
the serum resistin levels in patients with NAFLD. Patients
with NAFLD had higher serum resistin levels than controls
(SMD=0.522, 95% confidence interval [CI]: 0.004—1.040,
12=95.9%). Patients with nonalcoholic steatohepatitis
(NASH) had lower serum resistin levels than the healthy
controls (SMD=-0.44, 95% CI: —0.83-0.55, 12=74.5%).
In addition, no significant difference of serum resistin lev-
els was observed between patients with NAFL and healthy
controls (SMD=-0.34, 95% CI: —0.91-0.23, 1?=79.6%)
and between patients with NAFL and NASH (SMD=0.15,
95% CI: —0.06-0.36, 1?=0.00%). Furthermore, subgroup
and sensitivity analyses suggested that heterogeneity did
not affect the results of meta-analysis. Conclusions: This
meta-analysis investigated the serum resistin levels in adult
patients with NAFLD comprehensively. Patients with NAFLD
had higher serum resistin levels and patients with NASH
had lower serum resistin levels than healthy controls. Se-
rum resistin could serve as a potential biomarker to predict
the development risk of NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as he-
patic steatosis by imaging or histology without secondary
factors of hepatic fat aggregation, such as significant alco-
hol consumption and long-term use of a steatogenic medi-
cation.® NAFLD ranges from nonalcoholic fatty liver (NAFL),
which is characterized as simple benign hepatic steatosis,
to nonalcoholic steatohepatitis (NASH), the histologic fea-
tures of which are macrovesicular steatosis, hepatocellular
ballooning, lobular inflammation, and pericellular fibrosis.
NASH can progress to the more severe fibrosis, that is de-
fined as the accumulation of extracellular matrix proteins in
the liver interstitial space, cirrhosis, and even the hepato-
cellular carcinoma.?2 Nowadays, NASH-associated cirrhosis
has become the second leading cause for liver transplanta-
tion in the USA. Meanwhile, NAFLD increases the risk of
developing type 2 diabetes, cardiovascular disease, and
chronic kidney disease.3

NAFLD has been certainly become the most predominant
chronic liver disease in the world, with the highly shocking
prevalence of 25.24% among the global population. In fact,
the prevalence is predicted to become even higher in the next
decade.# Up to now, the diagnostic golden standard for NAFLD
is liver biopsy. As an invasive technology, some adverse
events can occur during liver biopsy diagnosis of patients,
such as pain, infection, bleeding and even death.> Therefore,
there is an urgent need to develop a novel biomarker to pre-
dict and diagnose NAFLD conveniently and accurately.

Resistin belongs to the family of resistin-like molecules,
also known as “found in inflammatory zone” (FI1Z), and
functions as a pro-inflammatory adipokine.® Resistin is
mainly produced by adipose tissue, inflammatory cells, such
as macrophages and monocytes, and hepatic stellate cells.”
Previous reports have suggested that resistin could be up-
regulated by proinflammatory cytokines, including TNF-aq,
IL-6, IL-1B. In turn, resistin can activate the nuclear factor-
kappa B (NF-kB) signaling pathway and promote the syn-
thesis of TNF-a, IL-6 and other pro-inflammatory agents.8

Regarding the association of serum resistin levels in pa-
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tients with NAFLD, the studies showed conflicting results
so far. Some researchers have reported that serum resistin
levels are high in patients with NAFLD, NAFL, and NASH
compared to healthy subjects.® However, other research-
ers have suggested that no significant difference exists for
serum resistin levels in patients with NAFLD, NAFL, NASH,
and healthy controls.1%11 |n the comparison between pa-
tients with NASH and NAFL, some studies have found higher
serum resistin levels in patients with NASH, whereas others
studies found similar levels of serum resistin in patients with
NASH and NAFL.10-12 Meanwhile, some researchers have re-
ported lower serum resistin levels in patients with NASH
compared to patients with NAFL or healthy controls.10:13

In consideration of the inconsistence of serum resistin
levels in patients with NAFLD, it is worthwhile to investigate
the exact performance of serum resistin levels in patients
with NAFLD according to the available studies. The aim of
this study was to conduct a systematic review of the avail-
able studies and comprehensively analyze the relationship
between serum resistin levels and the degree of NAFLD.

Methods

Search strategy

To obtain the relevant studies for this meta-analysis, a com-
plete literature search was conducted in the databases of
PubMed, Embase, and Cochrane Library by the following
strategy: ((((((((((((((Nonalcoholic Fatty Liver Disease) OR
Non alcoholic Fatty Liver Disease) OR NAFLD) OR Nonalco-
holic Fatty Liver Disease) OR Fatty Liver, Nonalcoholic) OR
Fatty Livers, Nonalcoholic) OR Liver, Nonalcoholic Fatty) OR
Livers, Nonalcoholic Fatty) OR Nonalcoholic Fatty Liver) OR
Nonalcoholic Fatty Livers) OR Nonalcoholic Steatohepatitis)
OR Nonalcoholic Steatohepatitides) OR Steatohepatitides,
Nonalcoholic) OR Steatohepatitis, Nonalcoholic) AND (Re-
sistin) OR Adipocyte Cysteine-Rich Secreted Protein FI1Z3)
OR Adipocyte Cysteine Rich Secreted Protein FI1Z3. All the
potentially relevant studies in English language and pub-
lished before 7 May 2020 were reviewed. In case of data
missed, we tried to contact the corresponding authors to
obtain the original data.

Inclusion and exclusion criteria

Clinical studies which performed comparison of serum re-
sistin levels between NAFLD (NAFL or NASH) patients and
healthy controls were suitable for this meta-analysis. Stud-
ies were included if they conformed to the following criteria:
(1) original full-text publications; (2) NAFLD diagnosed with
biopsy, ultrasound, liver enzymes or computerized tomogra-
phy; and (3) serum resistin levels compared. Studies were
excluded according to the following principles: (1) patients
with other causes of chronic liver disease (alcoholic fatty
liver disease, viral or autoimmune hepatitis); (2) subjects
included in more than one study; (3) some necessary data
missing and not obtainable from the authors; (4) quality of
publication too low; (5) reviews, editorials, case reports,
letters, hypotheses, book chapters, studies on animals or
cell lines, and unpublished data or abstracts; or (6) partici-
pants with other medical conditions, such as diabetes and
coronary heart disease.

Data extraction and quality assessment

Two authors (HDL and CJ) evaluated each article and ex-

tracted the data independently. The controversy was solved
by discussion with a third author (LSS). The study quality
was evaluated using the Newcastle-Ottawa scale (NOS), as
approved by the Cochrane Collaboration. The NOS uses a
star system to decide the quality of a study in three realms:
collection, comparability, and outcome/exposure. The NOS
assigns four stars for selection, two stars for comparabil-
ity, and three stars for outcome/exposure. Any study that
received a score of 6 or more stars was regarded as being
at low risk of bias (the highest quality), and lesser stars
indicated a risk of bias.14

Statistical analysis

The meta-analysis was conducted using Stata/SE 15.0. Se-
rum resistin levels in the NAFLD group and controls were
extracted as mean differencexstandard deviation (SD) and
the pooled values were expressed as standardized mean
difference (SMD) with 95% confidence interval (Cl). For-
est plots were constructed to evaluate the heterogeneity
of included studies by 12 statistic. According to Higgins and
Thompson, 12 values of approximately 25% represented low
heterogeneity, approximately 50% represented medium
heterogeneity, and approximately 75% represented high
heterogeneity. In this meta-analysis, continuous-weighted
fixed-effects model analysis was used when the 12<50%.
Otherwise, the random-effects model was used. The pos-
sibility of publication bias was evaluated using funnel plot
and the Egger’s regression asymmetry test. The sensitivity
analysis, subgroup analysis, and meta-regression analysis
were conducted to explore the possible sources of (expect-
ed) heterogeneity among the eligible studies. The GRADE
approach was used to evaluate the quality of the pooled
results of serum resistin levels in the NAFLD group vs. con-
trols, NASH group vs. controls, NAFL group vs. controls, and
NAFL group vs. NASH group.

Results

Characteristics of the included studies

According to the search strategy, a total of 448 studies
were obtained ((PubMed (n=103), Cochrane (n=328), and
Embase (n=13)). After removing 109 duplicates, 339 ar-
ticles were retrieved. After removing reviews, conference
abstracts, letters, editorials, conference papers, notes and
short surveys, 159 potential studies were retrieved. After
full-text evaluation, 28 studies were included eventually for
this meta-analysis (Fig. 1).

The main characteristics of the included studies are sum-
marized in Table 1. All the included studies were cross-
sectional or case-control studies. Patients with NAFLD in
22 studies®-10:12,15-33 were assessed by liver histology, and
5 studies34-38 evaluated NAFLD by ultrasonography. One
study did not specifically describe the diagnosis of NAFLD.3°
Among these studies, 10 were carried out in Asia, 6 in North
America, and 10 in Europe. Two studies were carried out in
South America. Among the 28 included studies, 25 had no
the risk of bias and 3 had risk of bias.

Comparison of the serum resistin levels in NAFLD pa-
tients and controls

A total of 1,934 patients with NAFLD and 1,240 controls
were included in this study. Only 18 of the included 28 stud-
ies investigated the serum resistin levels in NAFLD patients
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searching = 448

Records identified through database

292 articles excluded:
Duplicates = 109
Reviews = 120
Conference abstracts = 35

A4

» Letters=11

Editorials =9
Conference papers = 4
Notes = 3

Short survey = |

evaluation = 156

Potentially relevant studies identified for

110 articles excluded:

Without necessary data = 66

v

Gene polymorphisms =21
Other liver diseases = 15

Cells or animals studies = 8

Eligible studies identified for evaluation = 46

18 articles excluded:

With other type of date = 10

L 4

Subjects were children = 6

Patient with DM =2

Studies included in this meta-analysis = 28

Fig. 1. Flow chart of the literature search process.

(NAFLD patients were not divided into the NAFL or NASH)
and healthy controls. Random-effects model was used to
conduct the meta-analysis and the results showed that
patients with NAFLD had higher serum resistin levels than
controls (SMD=0.522, 95% CIl: 0.004-1.040, 12=95.9%)
(Fig. 2A). Ten studies investigated the serum resistin lev-
els in patients with NASH and healthy controls. Random-
effects model was used to conduct the meta-analysis and
the results showed that patients with NASH had lower se-
rum resistin levels than the healthy controls (SMD=-0.44,
95% CI: —0.83-0.55, 12=74.5%) (Fig. 2B). Seven studies
investigated the serum resistin levels in patients with NAFL
and healthy controls. Random-effects model was used to
conduct the meta-analysis and no significant difference of
serum resistin levels was observed between patients with
NAFL and healthy controls (SMD=-0.34, 95% CI: —0.91-
0.23, 12=79.6%) (Fig. 2C). Nine studies investigated the

serum resistin levels in patients with NAFL and NASH.
Fixed-effects model was used to conduct the meta-analysis
and the results showed that there was no significant differ-
ence of serum resistin levels between patients with NAFL
and NASH (SMD=0.15, 95% CI: —0.06-0.36, 1?=0.00%)
(Fig. 2D).

Sensitivity and subgroup analyses

In consideration of significant heterogeneity existing be-
tween the NASH group vs. controls, NAFL group vs. con-
trols, and NAFL group vs. NASH group, sensitivity analysis
was carried out to explore the possible sources of heter-
ogeneity in the included studies. Each study was evalu-
ated by exclusion in turn, and then the summarized SMD
of the remaining studies were calculated. Only when the
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Fig. 2. Forest plots of serum resistin levels between (A) NAFLD patients vs.

(D) NAFL patients vs. NASH patients.

study conducted by Polyzos et al.2” was removed, the het-
erogeneity was significantly reduced, which indicated that
this study was the main source of heterogeneity. In order
to investigate whether this study affected the results of
meta-analysis, the meta-analysis were reperformed after
removal of the study (Polyzos et al. 2016) with the fixed-
effects model. The results showed that patients with NASH
had lower serum resistin levels than controls (SMD=-0.23,
95% CI: —0.43-0.04) (Fig. 3A); there was no significant
difference of serum resistin levels between patients with
NAFL vs. controls (SMD=0.03, 95% CI: —0.24-0.29) (Fig.
3B), and between patients with NAFL vs. NASH patients
(SMD=0.14, 95% CI: —0.09-0.36) (Fig. 3C). These results
indicated that the heterogeneity did not affect the results
of meta-analysis.

The same method was used to explore the source of het-
erogeneity in the meta-analysis of studies for NAFLD pa-
tients vs. controls, but no study was found to contribute to
the heterogeneity. In addition, the subgroup analysis was
conducted according to the diagnosis methods, ethnicity,
mean age, types of study design, and mean body mass
index, but all of them failed to be the obvious source of
heterogeneity. Funnel plots were constructed using the Egg-
er’s regression asymmetry test to investigate the possible
publication bias in the NAFLD patients vs. controls, NASH

controls, (B) NASH patients vs. controls, (C) NAFL patient vs. controls,

patients vs. controls, NAFL patient vs. controls, and NAFL
patients vs. NASH patients. As Figure 4 shows, no obvious
publication bias was observed.

Meta-regression and quality evaluation

To further explore the source of heterogeneity between
NAFLD and control groups, the effect of potential confound-
ers were evaluated by meta-regression analysis (based
upon random-effects) when =10 comparisons were availa-
ble. Diagnosis methods, ethnicity, mean age, types of study
design, mean body mass index, biopsy on controls, and
NOS scores were entered separately as covariates. As Table
2 shows, all of these factors failed to account for the hetero-
geneity between NAFLD and controls (Table 2). The GRADE
approach was used to evaluate the quality of the evidence,
and the results showed that the quality of results of serum
resistin levels in NAFLD patients vs. controls was low, and
moderate in NASH patients vs. controls, NAFL patient vs.
controls, and NAFL patients vs. NASH patients, which sug-
gested that further research is likely to have an important
impact on the present results and may change the present
results (please see the Supplementary Tables 1-5).
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Fig. 3. Forest plots of serum resistin levels between (A) NASH patients vs. controls, (B) NAFL patient vs. controls, (C) NAFL patients vs. NASH patients

after removed the study by Polyzos et al. (2016).

Discussion

Resistin is a significant pro-inflammation adipokine and the
role of its serum levels in patients with NAFLD remain con-
troversial. This study systematically analyzed the serum lev-
els of resistin in patients with NAFLD, especially in those
with NAFL and NASH. The results suggested that patients
with NAFLD had higher serum resistin levels than healthy
controls, but low serum resistin levels were observed in pa-
tients with NASH when compared to healthy controls. In ad-
dition, no significant difference of serum resistin levels was
observed between patients with NAFL and healthy controls,
and between patients with NAFL and NASH. A reasonable
explanation may be that all the patients with NASH and NAFL
were diagnosed by liver biopsy, and patients with NAFLD
were diagnosed by liver biopsy or ultrasound. The difference
of diagnostic methods may contribute to these outcomes.
Some previous studies reported that serum levels of re-
sistin in patients with NAFLD were higher,*> lower,3° or of
no significant difference*® compared to healthy controls,
accompanied by the different diagnosis methods used for
NAFLD. Zhu et al.3” investigated the levels of serum pro-
tein as the diagnostic biomarkers for NAFLD, and they found
that serum resistin was significantly higher in patients with
NAFLD than in healthy controls. However, Magalhaes et al.36
investigated the serum levels of resistin in obese NAFLD pa-

tients and controls, but they found that the serum levels of
resistin were negatively associated with the risk of NAFLD;
that is, the serum resistin levels were low in NAFLD patients
compared to controls. Except for the above reports, other
research investigations also provided findings that preclud-
ed making a definitive conclusion. In this meta-analysis, we
analyzed all the available studies which investigated the se-
rum resistin levels in patients with NAFLD and controls, and
we found that serum resistin levels were significant higher
than in the healthy controls. Notably, all the patients with
NAFLD were diagnosed by liver biopsy or ultrasound, and
the NAFLD patients were not divided by NAFL and NASH
stage. In consideration of the high heterogeneity in the me-
ta-analysis, sensitivity analysis was conducted. Interesting-
ly, when the study by Polyzos et al.?” (2016) was removed,
the heterogeneity was markedly decreased, but the results
of meta-analysis were unchanged. These results indicated
that an individual study may contribute to the heterogene-
ity, but whether the results of meta-analysis were affected
should be further investigated.

Resistin up-regulates the expression of proinflammatory
cytokines such as TNF-a, IL-6, IL-12, and monocyte chem-
oattractant protein-1 in monocytes, macrophages, and he-
patic stellate cells via the NF-kB pathway.4! Serum resistin
levels in patients with NASH and the association of serum
resistin levels with the risk fibrosis remains inconsistent. Ar-
gentou et al.10 investigated the relationship of serum resist-
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Fig. 4. Egger’s funnel plots for publication bias for (A) NAFLD patients vs. controls, (B) NASH patients vs. controls, (C) NAFL patient vs. controls, (D)

NAFL patients vs. NASH patients.

in levels with some individual histopathological parameters,
global activity grade, and fibrosis stage in NASH patients,
but no significant association was observed. However, Tso-
chatzis et al.#? reported the serum levels in chronic hepatitis
B and chronic hepatitis C patients; they also found that low
resistin levels were associated with moderate/severe fibro-
sis in chronic hepatitis B/C patients, which suggested that
serum resistin levels were negatively related to the degree
of fibrosis. In this meta-analysis, the serum resistin levels in
patients with NASH were significantly lower than in healthy
controls, which was consistent with the previous study by
Tsochatzis et al.*2 to some degree. The probable reason
may be that patients with NASH possess different degrees
of fibrosis, usually, and the serum resistin levels could be
negatively associated with the fibrosis. In this study, how-
ever, all the patients with NASH had NAFLD-related NASH,
and the cause of fibrosis in NASH patients was different
from that of the chronic hepatitis B/C patients. Whether the
relationship of serum resistin levels with fibrosis was af-
fected by the cause of fibrosis remains unknown and further
studies are needed to clarify it.

Our results suggested that patients with NAFLD had high-
er serum resistin levels than healthy controls, but low se-
rum resistin levels were observed in the patients with NASH
compared to healthy controls. This is an interesting finding
because resistin levels seem to rise with the progression of
NAFLD, from healthy to NAFL, but decline when NAFL pro-
gresses to NASH. The same phenomenon occurred in pa-

tients with type 2 diabetes. In 2020, Galla et al.*3 reported
that patients with prediabetes had higher levels of resistin
than patients with type 2 diabetes and healthy controls, as
found in their 20-year follow-up study. In addition, a large
number of cohort studies and meta-analysis suggested that
resistin is a risk factor for cardiovascular disease.** Acute
coronary syndromes often occur in patients with high re-
sistin levels, while chronic stable angina pectoris is more
common in patients with low resistin levels.#> Given that
pre-diabetes and coronary heart disease are a large part of
the hidden population,4346 patients with NAFLD are more
likely to suffer from the type 2 diabetes and coronary heart
disease, which may have affected the results of this study.
In addition, whether reduced resistin levels will reduce the
risk of NAFL, type 2 diabetes and coronary heart disease is
unknown, and more research is needed in the future.

This meta-analysis has strengths and limitations that
may have affected its conclusions. This is the first meta-
analysis to systematically investigate the serum resistin lev-
els in patients with NAFLD. The serum resistin levels were
evaluated in patients with NAFLD, including patients with
NAFL and NASH. In addition, this work is based on 28 high-
quality studies. The limitations, however, include that some
NAFLD patients were diagnosed by ultrasound other than
liver biopsy in the included studies. Second, higher hetero-
geneity may disturb the accuracy of the results. Third, the
association of serum resistin levels with fibrosis was not
investigated in detail in this study. Fourth, although every
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Table 2. Meta regression analysis of possible sources of heterogeneity in NAFLD vs. control group (18 studies)

Effect size Coefficient Standard error t p=>| t|] 9596 CI

Diagnosis methods 0.403 0.325 -1.13 0.276 0.073-2.225
Ethnicity 0.175 0.223 -1.58 0.133 0.175-1.287
Types of study design 1.527 1.318 0.49 0.631 0.245-9.513
Mean age (30-40, 40-50, =50) 0.814 0.346 -0.48 0.635 0.331-2.003
Mean BMI (>30) 0.467 0.246 —-1.44 0.168 0.153-1.428
Biopsy on controls 0.367 0.393 —-0.94 0.363 0.038-3.552
NOS score 1.996 0.783 1.76 0.097 0.869-4.586

step of this meta-analysis was carried out in strict accord-
ance with the requirements, this meta-analysis was not reg-
istered on relevant websites in advance.

Conclusions

In summary, this study systematically investigated the serum
resistin levels in adult patients with NAFLD for the first time.
The results suggest that patients with NAFLD have higher
serum resistin levels than healthy controls, but patients with
NASH have lower serum resistin levels than healthy controls.
In addition, no significant differences of serum resistin levels
were observed between the patients with NAFL and controls,
nor the patients with NAFL and NASH. Although a little in-
consistence between the results of this study and several
previous studies existed, it remains reasonable to illustrate
the variation of serum resistin levels in patients with NAFLD.
In consideration of the present results, serum resistin pos-
sesses the potential to serve as a biomarker to predict the
development risk of NAFLD, and the diagnostic sensitivity
and specificity should be improved by excluding the interfer-
ence of other factors. Further studies should be conducted
to clarify the serum resistin levels in healthy controls and
patients with NAFLD that is diagnosed by liver biopsy.
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Abstract

Background and Aims: Metabolic-associated fatty liver
disease (MAFLD) is driven by high caloric intake and sed-
entary lifestyle. Migration towards high income countries
may induce these driving factors; yet, the influence of
such on the prevalence of MAFLD is clearly understudied.
Here, we investigated the Fatty Liver Index (FLI), a proxy
of steatosis in MAFLD, after migration of Ghanaian sub-
jects. Methods: Cross-sectional data of 5282 rural, urban
and migrant participants from the Research on Obesity and
Diabetes among African Migrants (also known as RODAM)
study were analyzed with logistic regression for geographi-
cal differences in FLI and associations with type 2 diabetes
mellitus (T2DM), waist-to-hip ratio, and 10-year predicted
risk of atherosclerotic cardiovascular disease (ASCVD).
Results: Both FLI and the proportion with an FLI indica-
tive of MAFLD steatosis (FLI >60) were higher in migrants
compared with non-migrants. Prevalence of elevated FLI

Keywords: Fatty liver; Non-invasive test; Migration; African population.
Abbreviations: yGT, gamma-glutamyltransferase; ACC, American College of
Cardiology; AHA, American Heart Association; ALT, alanine aminotransferase;
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Index; GPAQ, Global Physical Activity Questionnaire; HDL, high-density lipopro-
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(FLI =60) in non-migrant males was 4.2% compared to
28.9% in migrants. For females, a similar gradient was ob-
served, from 13.6% to 36.6% respectively. Compared to
rural residents, the odds for a FLI 260 were higher in mi-
grants living in urban Europe (odds ratio [OR] 9.02, 95%
confidence interval [CI]: 5.02-16.20 for men, and 4.00,
95% CI: 3.00-5.34 for women). Compared to controls,
the ORs for FLI =60 were 2.43 (95% CI: 1.73-3.41) for
male T2DM cases and 2.02 (95% ClI: 1.52—-2.69) for female
T2DM cases. One-unit higher FLI was associated with an el-
evated (=7.5%) 10-year ASCVD risk (OR: 1.051, 95% CI:
1.041-1.062 for men, and 1.020, 95% Cl: 1.015-1.026 for
women). Conclusions: FLI as a proxy for MAFLD increased
stepwise in Ghanaians from rural areas, through urban ar-
eas, to Europe. Our results clearly warrant awareness for
MAFLD in migrant population as well as confirmation with
imaging modalities.

Citation of this article: van Dijk AM, Dingerink S, Chilunga
FP, Meeks KAC, Bahendeka S, Schulze MB, et al. Metabolic-
associated fatty liver disease as assessed by the fatty liver in-
dex among migrant and non-migrant Ghanaian populations.
J Clin Transl Hepatol 2021;9(4):494-502. doi: 10.14218/
JCTH.2021.00066.

Introduction

In recent years, the prevalence of metabolic-associated
fatty liver disease (MAFLD) has clearly increased, with
an estimated prevalence of 25% worldwide.! The MAFLD
prevalence increases coincide with the global increasing
prevalence of type 2 diabetes mellitus (T2DM) and obesity,
especially central obesity.2 MAFLD is a spectrum of liver dis-
ease ranging from hepatic steatosis through non-alcoholic
steatohepatitis (NASH), to fibrosis and cirrhosis.®> MAFLD
has a complex pathophysiology, but its root cause is insulin

Copyright: © 2021 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.
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resistance and MAFLD is therefore seen as the hepatic com-
ponent of the metabolic syndrome.#> In turn, MAFLD itself
may contribute to the clinical manifestations of the meta-
bolic syndrome and therefore to atherosclerotic cardiovas-
cular disease (ASCVD), potentially by inducing dyslipidemia
through increased secretion of triglyceride (TG)-rich lipo-
proteins, in combination with low-grade inflammation and
hypercoagulability.®

Of note, the prevalence of MAFLD varies among ethnic
groups. Despite a higher prevalence of obesity among eth-
nic minority groups, especially in women,” individuals of Af-
rican descent are relatively less prone to MAFLD compared
to individuals of European, Asian, or Hispanic descent, as
assessed in the Multiethnic Cohort in the USA.8 Variance in
PNPLA3 has been established to influence susceptibility for
MAFLD and may contribute to the observed ethnic differ-
ence in MAFLD. The PNPLA3-453I allele, which occurs at a
higher frequency in African-ancestry populations (12.5%)
compared with other populations (< 1%), is associated with
lower hepatic fat content.#9.10

Migration-related environmental changes and urbaniza-
tion may facilitate sedentary lifestyle and obesity, poten-
tially driving MAFLD.1! Yet, the influence of migration on
the prevalence and severity of MAFLD is understudied. In
order to address this relevant question, homogeneity of the
studied population is imperative to reduce the effects of dif-
ferences in genetic background. To achieve this, we used
data from the Research on Obesity and Diabetes among
African Migrants (RODAM) study, representing a relatively
homogenous group of Ghanaians which comprises adults
originating from the Ashanti Region in Ghana, living in dif-
ferent environmental contexts.'? Direct measures of hepatic
fat content, such as liver biopsy, ultrasound, or Magnetic
Resonance Imaging Proton Density Fat Fraction (MRI-PDFF)
were unavailable in our study population. Therefore, we
used a well-established non-invasive composite proxy to
assess the steatotic component of MAFLD: the Fatty Liver
Index (FLI).1® We aimed to study the prevalence of MAFLD
as assessed by the FLI among Ghanaian residents in rural
and urban Ghana and among Ghanaians in three European
cities.

Additionally, we assessed the associations of the FLI with
T2DM, as well as predicted 10-year risk of ASCVD. Patients
with MAFLD are at 1.5- to 2-fold increased risk for athero-
sclerotic cardiovascular disease (ASCVD), potentially via the
mixed hyperlipidemia often observed in MAFLD patients.®
Therefore, we included predicted 10-year risk of ASCVD in
our study.

Methods

Study design and population

The RODAM study aims to gain knowledge on the devel-
opment of obesity and diabetes mellitus among African
migrants. Full details of the multicenter RODAM study, ini-
tiated in 2012, are published elsewhere.? In brief, 5,898
Ghanaian men and women aged 25-70 years, were recruit-
ed and physically examined from a population residing in
rural Ghana, urban Ghana, and Ghanaians residing in three
different European cities (Amsterdam, Berlin, and London).
As we aim to study the effects of migration on the FLI, Gha-
naians living in Europe were categorized as migrants, of
which 97% were first-generation migrants. Ethical approval
of the study protocols has been received at all sites. All
authors had access to the study data and reviewed and ap-
proved the final manuscript.

Details on data acquisition, blood sampling and process-
ing procedures can be found in the Supplementary File 1.

FLI1

The FLI is validated for people aged 18-75 and is calculated
by taking into account body mass index (BMI), waist cir-
cumference, TGs, and gamma-glutamyltransferase (yGT)
according to the algorithm by Bedogni et al.'* In the RO-
DAM database, TG are measured in mmol/L, whereas the
formula for the FLI requires TG expressed as mg/dL. For
conversion, the factor 88.57 was used.!®> The FLI varies
between 0 and 100, a FLI <30 is validated for predicting
absence of MAFLD with a sensitivity of 91.5%.13.14 Elevated
FLI was defined as a score of =60, since a cut-off of 60
predicts presence of hepatic steatosis, with a specificity of
82.3%.13 In our aim to capture MAFLD in the RODAM study,
we excluded participants in case of retroviral therapy or
treatment for hepatitis C and/or excessive alcohol use, de-
fined as >21 units (168 gram alcohol) per week for men
and >14 units (112 gram alcohol) per week for women
from the current analysis.

10-year predicted risk of ASCVD

The standardized and clinically oriented American College of
Cardiology (ACC)/American Heart Association (AHA) ASCVD
risk score was applied to calculate the 10-year risk of clini-
cally manifest ASCVD. This score can be used to calculate
total 10-year cardiovascular disease risk percentages.6:17
It accurately predicts ASCVD risk also in non-European pop-
ulations.18 It is scored as a percentage; a score of >7.5%
is considered elevated risk of developing ASCVD in the next
10 years based on the prior work by Goff et al.1® More infor-
mation can be found in the Supplementary File 1. This risk
score has been validated for subjects between 40-79 years
of age, without prior history of ASCVD. Thus, for the ASCVD
analysis, participants below 40 years of age and those with
a history of ASCVD were excluded. The RODAM database
contained self-reported information on stroke, heart attack,
other heart conditions, and peripheral arterial disease. The
risk score was calculated with an algorithm that combines
age, sex, use of antihypertensive medication, presence of
diabetes mellitus, systolic blood pressure, total cholesterol,
high-density lipoprotein (i.e. HDL) cholesterol, and smoking
status.

Data analysis

Data were analyzed using SPSS Statistical software, ver-
sion 26 (IBM Corp., Armonk, NY, USA). All analyses were
conducted separately for men and women due to a statisti-
cally significant interaction between FLI and sex. Normally
distributed continuous variables were presented as means
and standard deviations. Skewed continuous variables were
presented as medians and interquartile ranges (IQRs). Cat-
egorical variables were presented as proportions. Differ-
ences between rural, urban, and migrant participants were
assessed by ANOVA, Kruskal-Wallis tests, and x? tests as
appropriate. Three models were fitted to adjust for possi-
ble confounders. Model 1 was adjusted for age; model 2:
model 1 + education; model 3: model 2 + physical activ-
ity, alcohol, and T2DM. The results are presented as odds
ratios (ORs) and the corresponding 95% confidence inter-
vals (Cls). A p-value of <0.05 was considered statistically
significant. In addition, the associations between FLI and
elevated 10-year risk of ASCVD were calculated, in which
the 10-year risk of ASCVD was the dependent variable. For
this ASCVD association, nearly identical models to adjust for
potential confounding were used as in the assessment for
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differences between rural, urban and migrated populations.
The only difference between these models in correcting for
confounding was the replacement of T2DM by smoking in
model 3.

Results

General characteristics

From a total of 5,898 RODAM participants who underwent
physical examination, 5,282 were included in the current
analysis, based on age and the criteria of assessing FLI.
Of these participants, 951 (18.0%) were rural Ghanaians,
1,432 (27.1%) were urban Ghanaians, and 2,899 (54.9%)
were migrants. The majority of participants were female
(62.7%). Mean age was higher in men than in women in
urban participants and migrants. However, in rural partici-
pants, mean age was higher in women than in men. The
mean duration of living in urban Europe was 18.6 years
(standard deviation [SD]: 9.6) for males and 19.0 years
(SD: 9.5) for females, calculated from 2,529 out of 2,899
migrants. Migrants had the highest levels of education
and rural participants had the lowest levels, in both men
and women. The prevalence of any alcohol consumption
was higher in rural participants in men (53.1%) compared
to urban participants (40.6%) and migrants (41.4%). In
women, alcohol consumption was lower in urban partici-
pants (26.1%) compared to rural participants (30.9%) and
migrants (31.2%). The proportion of current smokers was
higher in migrants than in non-migrants (6.3% in migrant
men, and 2.1% in migrant women). Compared to the two
other groups, rural participants had the highest levels of
physical activity, irrespective of sex. Differences in general
characteristics are shown in Table 1.

FLI and its determinants by location of current resi-
dency

In both men and women, TG levels were highest among
urban participants and the lowest among migrants, and yGT
was the highest in urban participants and the lowest in rural
participants. FLI, BMI, and waist circumference increased
stepwise after migration form rural Ghana, through urban
Ghana to Europe, whereby the Ghanaian homogenous pop-
ulation living in three distinct environments can be seen as
a proxy for migration (as given in Table 1). Median FLI with
corresponding IQR per location of residency at inclusion are
shown in Figure 1a for men and Figure 1b for women. There
was a positive gradient in the prevalence of elevated FLI (FLI
>60) in males from rural (4.2%) through urban (16.3%)
to Europe (28.9%), (p<0.001). A similar positive gradient
was observed in females, with 13.6% in rural, 32.3% in
urban, and 36.6% in Europe, respectively (p<0.001; Table
1). These differences retained statistical significance even
after adjustment for age, education level, physical activ-
ity level, alcohol use, and T2DM for urban Ghana (adjusted
OR: 4.09, 95% CI: 2.19-7.67 for men and 3.29, 95% CI:
2.47-4.39 for women) and migrants (adjusted OR: 9.02,
95% Cl: 5.02—-16.20 for men and 4.00, 95% CI: 3.00-5.34
for women), compared to rural Ghana (Fig. 2 for men and
Fig. 3 for women).

Associations of T2DM and 10-year predicted ASCVD
risk with FLI

Median FLI in participants with and without T2DM are shown

in Figure 4. We found a positive association between T2DM
and an elevated FLI (FLI >60) (adjusted OR: 2.43, 95%
CI: 1.73-3.41 for men and 2.02, 95% CI: 1.52-2.69 for
women; Supplemental Table 1).

In total, 2,611 RODAM study participants were included
in the analysis for FLI and 10-year ASCVD risk after further
exclusion of participants with an age below 40 and those
with a history of clinically present CVD (Supplemental Fig.
1). As we hypothesized that MAFLD drives ASCVD, we used
the continuous FLI as an independent variable and ASCVD
as the dependent variable in this analysis. FLI was positive-
ly associated with elevated 10-year ASCVD risk (=7.5%)
among rural participants (adjusted OR: 1.05, 95% CI:
1.01-1.10 for men and 1.03, 95% CI: 1.02—1.05 for wom-
en), urban participants (1.08, 95% CI: 1.04-1.11 for men
and 1.02, 95% CI: 1.01-1.02 for women), and migrants
(men 1.04, 95% Cl: 1.03-1.06 and women 1.02, 95% CI:
1.01-1.03). In the total study population, the adjusted OR
was 1.05 per 1 unit increase in FLI (95% CI: 1.04-1.06)
for men and 1.02 (95% ClI: 1.02-1.03) for women (Sup-
plemental Table 2).

Discussion

Key findings

Here, we shed light on the influence of migration on the
prevalence of MAFLD by studying the FLI in a homogenous
Ghanaian population living in rural Ghana, urban Ghana
and Europe. The homogenous Ghanaian population living
in three distinct environments is used as a proxy for mi-
gration. This study has three important findings. First, the
prevalence of an elevated FLI (FLI >60) as an indicator of
hepatic steatosis increased from rural participants, through
urban participants, to European migrants, irrespective of
sex. Second, T2DM was positively associated with higher
odds for FLI in both Ghanaian men and women. Third, an el-
evated FLI (FLI >60) was associated with an higher odds for
10-year risk of ASCVD (=7.5%) in both men and women,
with a more pronounced effect in men.

Discussion of the key findings

Studies of human migration and features of cardiometabolic
disease are scarce. Several studies have reported differenc-
es in the prevalence of MAFLD among different ethnicities;
however, these were performed in participants residing in
a single country.16:19 For instance, multiple studies report a
lower prevalence of MAFLD in African Americans compared
to Hispanic Americans.19-21 The prevalence of MAFLD in mi-
grants of African descent is often lower than the prevalence
of MAFLD in the general population of the host country.20.21
Interestingly, this contrasts with the prevalence of morbidi-
ties with a close relation to MAFLD, i.e. obesity, T2DM, and
hypertension, which are found to be more prevalent among
ethnic minorities in Europe, including African groups.2°
Factors driving variation in cardiometabolic health across
geographical locations are thought to include changes in
nutritional patterns, physical inactivity, and stress, in com-
bination with genetic susceptibility and gene-environment
interactions.2%22 As MAFLD is driven by insulin resistance
and obesity, one would expect the aforementioned factors
to play a similar role in the effects of migration on the prev-
alence of MAFLD.23 Interestingly, in our models, the effect
sizes only slightly changed upon adjustment for lifestyle
factors, such as physical activity, alcohol consumption, and
T2DM. This may fit with the ‘multiple hit’ hypothesis which
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Table 1. General characteristics of rural and urban residing, and migrant participants

variables Ruial UrEan Migrated Toial p
(n=951) (n=1,432) (n=2,899) (n=5,282)

Men, n 356 406 1,209 1,971
Age, years 45.8+12.9 46.7+11.8 47.0+10.4 46.7+11.2 0.193
Education, n (%) <0.001
Elementary 136 (38.2) 89 (21.9) 144 (11.9) 369 (18.7)
Lower secondary 128 (36.0) 173 (42.6) 453 (37.5) 754 (38.3)
Higher secondary 47 (13.2) 85 (20.9) 279 (23.1) 411 (20.9)
Tertiary 21 (5.9) 37 (9.1) 250 (20.7) 308 (15.6)
Alcohol consumption, n (%) 189 (53.1) 165 (40.6) 500 (41.4) 854 (43.3) <0.001
Smoking, n (%) 0.023
Current 17 (4.8) 12 (3.0) 76 (6.3) 105 (5.3)
Past 48 (13.5) 61 (15.0) 131 (10.8) 240 (12.2)
Physical activity, n (%) <0.001
Low levels 37 (10.4) 85 (20.9) 287 (23.7) 409 (20.8)
Medium levels 54 (15.2) 72 (17.7) 176 (14.6) 302 (15.3)
High levels 238 (66.9) 223 (54.9) 457 (37.8) 918 (46.6)
WHR 0.89+0.06 0.90+0.06 0.93+0.07 0.91+0.07 <0.001
WHR =0.90, n (%) 126 (35.4) 222 (54.7) 785 (64.9) 1,133 (57.5) <0.001
T2DM, n (%) 15 (4.2) 46 (11.3) 158 (13.1) 219 (11.1) <0.001
BMI, kg/m? 21.0+3.0 24.1+3.8 27.0+3.9 25.4+4 .4 <0.001
AST/ALT ratio 1.99+0.82 1.70+0.72 1.44+0.56 1.60+0.68 <0.001
Waist circumference, cm 76.9+8.4 84.7+10.3 92.6+10.9 88.1+12.0 <0.001
TG, mmol/L, median (IQR) 0.96 (0.7-1.3) 1.02 (0.8-1.3) 0.89 (0.67-1.19) 0.92 (0.70-1.23) <0.001
yGT, mmol/L, median (IQR) 33.1 (24.3-51.6) 39.5(27.8-56.6) 36.7 (27.7-50.1) 36.5(27.0-51.5) 0.003
FLI, median (IQR) 11.7 (6.6-21.8) 27.0(12.3-47.5) 42.6 (21.8-64.6) 31.8 (14.3-56.7) <0.001
FLI, categorized <0.001
<30, n (%) 298 (83.7) 214(52.7) 426 (35.2) 938 (47.6)
260, n (%) 15 (4.2) 66 (16.3) 349 (28.9) 430 (21.8)

Women, n 595 1,026 1,690 3,311
Age, years 46.9+12.6 44.7+11.2 46.1+9.5 45.8+10.7 <0.001
Education, n (%) <0.001
Elementary 367 (61.7) 520 (50.7) 427 (25.3) 1,314 (39.7)
Lower secondary 154 (25.9) 367 (35.8) 571 (33.8) 1,092 (33.0)
Higher secondary 18 (3.0) 87 (8.5) 362 (21.4) 467 (14.1)
Tertiary 11 (1.8) 28 (2.7) 186 (11.0) 225 (6.8)
Alcohol consumption, n (%) 184 (30.9) 268 (26.1) 527 (31.2) 951 (28.7) 0.014
Smoking, n (%) <0.001
Current 0 (0) 0 (0) 21 (2.1) 21 (0.6)
Past 5 (0.8) 21 (2.0) 67 (4.0) 93 (2.8)
Physical activity, n (%) <0.001
Low levels 130 (21.8) 406 (39.6) 406 (24.0) 942 (28.5)
Medium levels 126 (21.2) 158 (15.4) 289 (17.8) 582 (17.6)
High levels 294 (49.4) 434 (42.3) 577 (34.1) 1,305 (39.4)

(continued)

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 494-502 497



Table 1. (continued)

van Dijk A.M. et al: FLI as MAFLD proxy in a Ghanaian population

Variables ?#;aQISI) l(Jr:galr,]432) Eﬂr:grzatgegdg) Ir?;alsl,zsz) P

WHR 0.89+0.07 0.90+0.06 0.88+0.08 0.89+0.07 <0.001
WHR >0.85, n (%) 444 (74.6) 829 (80.8) 1,153 (68.2) 2,426 (73.3) <0.001
T2DM, n (%) 35 (5.9) 87 (8.5) 154 (9.1) 276 (8.3) 0.049
BMI, kg/m? 23.7+4.5 28.0+5.5 30.3+5.1 28.4+5.6 <0.001
AST/ALT ratio 1.96+0.75 1.87+0.62 1.62+0.49 1.76+0.60 <0.001
Waist circumference, cm 83.8+11.2 90.4+11.9 95.7+12.0 92.1+12.6 <0.001
TG, mmol/L, median (IQR) 0.97 (0.74-1.34) 1.01 (0.74-1.36) 0.73 (0.57-0.98) 0.85 (0.64-1.16) <0.001
yGT, mmol/L, median (IQR) 26.6 (20.5-36.7) 29.5(22.8-38.5) 27.3 (21.3-36.9) 27.9 (21.6-37.3) <0.001
FLI, median (IQR) 16.7 (8.3-36.2) 40.9 (19.3-69.6) 46.6 (25.4-71.7) 39.1 (18.5-67.4) <0.001
FLI, categorized <0.001
<30, n (%) 402 (67.6) 388 (37.8) 514 (30.4) 1,304 (39.4)

>60, n (%) 81 (13.6) 331 (32.3) 619 (36.6) 1,031 (31.1)

Data presented as mean=SD unless stated otherwise. SD, standard deviation; WHR, waist-to-hip ratio; T2DM, type 2 diabetes; BMI, body mass index; AST, aspartate

aminotransferase; ALT, alanine aminotransferase; TG, triglycerides; yGT, gamma-glutamyltransferase; FLI, fatty liver index; IQR, interquartile ranges.

postulates that multiple factors act together in inducing
MAFLD, and adjustment for a few of these factors would
not have a major effect.2 In addition to physical inactivity
and genetic susceptibility, gut microbiota have been sug-
gested to play a role. Several studies report the interaction
between liver and gut as a critical player in the onset of
MAFLD.25-27 Dietary factors may alter the composition of
the gut microbiota, which in turn may contribute to the
development of MAFLD.28 Evidence for these changed di-
etary factors in an urban population compared to a rural
population was found in a prospective cohort study that
was conducted in South Africa. The nutrition intakes of
urban-residing men and women were consistently higher
than those of their rural counterparts.?® This is often ac-
companied by a nutrition transition to a Westernized diet,
frequently high in fat and sugar.3° This reported change in
dietary factors could also play a role in our study popula-
tion. Taken together, the sizeable disparity in FLI in our
study between similar populations living in different envi-
ronments suggests a more significant role for environmen-
tal factors such as dietary changes and alterations in the

gut microbiome, in driving the prevalence of MAFLD than
for genetic susceptibility.

Of note, we found a strong relation of the FLI with the
presence of T2DM. The interplay between T2DM and MAFLD
is complex. T2DM is an important risk factor for develop-
ing MAFLD, and vice versa, MAFLD may contribute to in-
sulin resistance. Insulin resistance is a central mechanism
that leads to lipolysis in peripheral adipose tissue and an
increased hepatopetal flux of free fatty acids, driving li-
potoxicity in the liver, with subsequent inflammation and
hepatocyte injury.#31 A higher prevalence of MAFLD in pa-
tients with T2DM has been found.23:32 In turn, ectopic fat
accumulation in MAFLD is thought to affect T2DM. This ec-
topic fat accumulation is associated with increased gluco-
neogenesis, decreased glycogen synthesis and inhibition of
insulin signalling.32

We observed a significant association of FLI with 10-
year risk of ASCVD, bolstering the notion that patients with
MAFLD may have increased ASCVD. The relation between
MAFLD and ASCVD is supported by studies of subclinical
atherosclerosis, such as carotid intima-media thickness

A Male B Female
p<0.001 p<0.001
100 | I 1 1 100 | I 1 1
80 1 80 1
60 - 60
40 4 40
20 1 i 20
J = T I |,|= I 1 T
Rural Urban Migrants Total Rural Urban Migrants Total

Fig. 1. Continuous FLI. (A) FLI in rural Ghana, urban Ghana and Ghanaian migrants in males. (B) FLI in rural Ghana, urban Ghana and Ghanaian migrants in females.

FLI, fatty liver index.
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Fig. 2. ORs with 95% CIs for elevated FLI (FLI =60) in urban Ghana and Ghanaian migrants compared with rural Ghana in men. Model 1 adjusted for
age; model 2: model 1 + education; model 3: model 2 + physical activity, alcohol, and T2DM. OR, odds ratio; CI, confidence interval; FLI, fatty liver index; T2DM,

type 2 diabetes.

(commonly known as carotid IMT) and coronary calcifica-
tion.33:34 Lee et al.3> conducted a cross-sectional study to
investigate the influence of MAFLD on subclinical coronary
atherosclerosis as detected by coronary computed tomog-
raphy angiography (commonly referred to as CCTA). Fatty
liver was assessed by ultrasound. In patients with MAFLD,
ORs after adjustment for cardiovascular risk factors were
higher for atherosclerotic plaques (OR: 1.18). In addition,
there was a significant association of FLI =30 with non-
calcified plaque (OR: 1.37). In addition, meta-analyses
of studies with cardiovascular events also support the re-
lation of MAFLD and ASCVD.3¢ The underlying pathways
are likely complex and difficult to decipher since many co-
morbid factors may co-exist in these patients, such as hy-
pertension, T2DM and obesity. Low grade inflammation38
and hypercoagulable state3® have also been implicated to
mediate the relation between NAFLD and asCVD. Yet, evi-
dence from Mendelian randomization studies most strong-
ly supports that the MAFLD may drive ASCVD by mixed
hyperlipidemia, through very low-density lipoprotein (i.e.
VLDL) hypersecretion.®:37

Strengths and limitations

The FLI is a surrogate marker validated against ultrasonog-
raphy by Bedogni et al.1* in a Caucasian population and
replicated by others.13:40 pPotential anthropometric and labo-
ratory data were used in a logistic regression model to ob-
tain a simple and accurate algorithm for the prediction of

increased liver fat content, after exclusion of participants
with hepatitis B and C. Due to this anthropometric and labo-
ratory data, FLI is not directly based on liver fat content;
yet, Bedogni et al.1* reported an area under the receiver
operating characteristic curve of 0.85. In the RODAM study,
no imaging modalities of hepatic steatosis, such as abdomi-
nal ultrasound or MRI-PDFF,4! or liver biopsies, were avail-
able to validate our findings with the FLI. When using the
applied cut-off value of 60, in order to validate the FLI in a
population-based study, the likelihood ratio was 5.10 for the
presence of MAFLD. Additionally, a cut-off of 260 showed a
specificity of 91%.42 Unfortunately, blood platelets were not
included in the RODAM study; hence, liver fibrosis proxies,
such as Fibrosis-4 and aspartate to aminotransferase (i.e.
AST) to platelet ratio (APRI) could not be included in our
current analysis. We excluded other liver conditions in our
calculations, as much as possible. We were able to exclude
participants that used an excessive amount of alcohol and
participants that used medication for hepatitis B and retro-
viral therapy. However, no data on untreated participants
was available in the RODAM study. A great strength of the
study is the homogeneity of the studied population, which
provides a unique opportunity to investigate the metabolic
effects of migration.

Conclusion

In conclusion, our study shows that, compared to rural ar-
eas, the prevalence of MAFLD as assessed by the FLI in the

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 494-502 499



van Dijk A.M. et al: FLI as MAFLD proxy in a Ghanaian population

Female

Crude

Rural 4 1.00 (ref)
Urban | —4— 3.13 (2.05-4.78)
Migrant { —4— 4.06 (2.73-6.04)
Model 1

Rural 4 1.00 (ref)
Urban 4 —4— 3.37 (2.54-4.47)
Migrant 1 —4— 3.95 (3.00-5.20)
Model 2

Rural 4 1.00 (ref)
Urban { —4— 3.44 (2.59-4.57)
Migrant 4  —4— 4.09 (3.07-5.45)
Model 3

Rural 4 1.00 (ref)
Urban 4 =—4— 3.29 (2.47-4.39)
Migrant 4  —4— 4.0 (3.00-5.34)

01 5 10 15 20

OR (95%Cl)

Fig. 3. ORs with 95% CIs for elevated FLI (FLI =60) in urban Ghana and Ghanaian migrants compared with rural Ghana in women. Model 1 adjusted
for age; model 2: model 1 + education; model 3: model 2 + physical activity, alcohol, and T2DM. OR, odds ratio; CI, confidence interval; FLI, fatty liver index; T2DM,
type 2 diabetes.
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Fig. 4. FLI in male (black) and female (grey) participants with and without T2DM. FLI, fatty liver index; T2DM, type 2 diabetes.
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Ghanaian RODAM population was higher in urban areas and
even higher in Europe. In addition, FLI was strongly corre-
lated with T2DM and ASCVD risk. This sheds light on MAFLD
in this African population, and highlights the possible influ-
ence of migration on the prevalence of MAFLD, providing a
clear rationale for future prospective studies with imaging
modalities.
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Abstract

Background and Aims: The safety and efficacy of mes-
enchymal stem cells (MSCs) in the treatment of acute-on-
chronic liver failure (ACLF) have been validated. However,
the impact of the pathological ACLF microenvironment on
MSCs is less well understood. This study was designed to
explore the changes in the functional properties of MSCs
exposed to ACLF serum. Methods: MSCs were cultured
in the presence of 10%, 30% and 50% serum concentra-
tions from ACLF patients and healthy volunteers. Then,
the cell morphology, phenotype, apoptosis and prolifera-
tion of MSCs were evaluated, including the immunosup-
pressive effects. Subsequently, mRNA sequencing analysis
was used to identify the molecules and pathways involved
in MSC functional changes in the context of ACLF. Re-
sults: In the presence of ACLF serum, MSC morphology
significantly changed but phenotype did not. Besides, MSC
proliferation activity was weakened, while the apoptosis
rate was lightly increased. Most importantly, the immu-
nosuppressive function of MSCs was enhanced in a low-
concentration serum environment but transformed into a
proinflammatory response in a high-concentration serum
environment. RNA sequencing indicated that 10% serum
concentration from ACLF patients mediated the PI3K-Akt
pathway to enhance the anti-inflammatory effect of MSCs,
while the 50% serum concentration from ACLF patients
promoted the conversion of MSCs into a proinflammato-
ry function by affecting the cell cycle. Conclusions: The
50% ACLF serum concentration is more similar to the en-
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vironment in the human body, which means that direct
peripheral blood intravenous infusion of MSCs may reduce
the effect of transplantation. Combining treatments of
plasma exchange to reduce harmful substances in serum
may promote MSCs to exert a stronger anti-inflammatory
effect.
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patients may affect mesenchymal stem cells transplanta-
tion by impairing the immunosuppressive function of cells.
J Clin Transl Hepatol 2021;9(4):503-513. doi: 10.14218/
JCTH.2021.00014.

Introduction

Acute-on-chronic liver failure (ACLF) is a distinct clini-
cal syndrome, characterized by liver failure due to acute
hepatic injury and underlying chronic liver disease; it has
a high 28-day mortality. Liver transplantation is the only
treatment that has proven beneficial, but the rapid disease
progression and lack of donors limit the application of this
treatment.>2 The infusion of mesenchymal stem cells to
treat liver failure has been verified as safe and effective
in clinical trials34 as well as by animal experiments based
upon acute liver failure models.>~7 In clinical practice, the
treatment of patients with ACLF with infusions of mesenchy-
mal stem cells (MSCs) significantly increased the 24-week
survival rate by improving liver function and decreasing the
incidence of severe infections.* In the treatment of fulmi-
nant hepatic failure in large animal (pig) models, immediate
intraportal transplantation of MSCs quickly participated in
liver regeneration via proliferation and transdifferentiation
into hepatocytes.®> MSCs harbor anti-inflammatory, immu-
nomodulatory, antiapoptotic and proliferative properties
and hold great promise in the treatment of both acute and
chronic liver diseases.? However, studies generally have fo-
cused on the effectiveness and mechanism of MSCs in the
treatment of liver failure, while the impact of the pathologi-
cal ACLF microenvironment on MSCs has received little at-
tention thus far.

The impact of the pathological microenvironment on MSC
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Table 1. Clinical characteristics of the participants enrolled in the study
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Group HBV-ACLF, n=20 HC, n=20
Male sex 18 14

Age in years 35.10+6.03 36.6+7.42
WBC as 109%/L 5.88+2.81 6.17+1.46
PLT as 109/L 120.35+64.65 240.55+37.03
ALT in U/L 171.10+214.34 19.05+13.55
AST in U/L 130.65+192.93 19+5.53
PTA, % 32.2+5.03 N.D.

INR 2.42+0.43 N.D.
Albumin in g/L 36.96+5.39 N.D.

TBil in pmol/L 311.48+132.24 N.D.

CR in pmol/L 63.94+12.16 70.23+14.24
Na in pmol/L 137.10+4.06 N.D.
HBeAg-positive 4 0
Complication 11 0

Ascites 6 0

SBP 5) (0]

Hepatic encephalopathy 0 0
Hepatorenal syndrome 0 0

UGB 0 0

MELD score 23.49+3.74 N.D.
MELD-Na score 20.15+8.36 N.D.
COSSH-ACLF Grade 1 N.D.

Data are shown as means=standard deviations. ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; COSSH-ACLF,
Chinese Group on the Study of Severe Hepatitis B-ACLF; CR, creatinine; HBeAg, hepatitis B e antigen; HC, healthy control; INR, international normalized ratio; MELD,
model for end-stage liver disease; N.D., not determined; PLT, platelet; PTA, prothrombin time activity; SBP, spontaneous bacterial peritonitis; TBil, total bilirubin; UGB,

upper gastrointestinal bleeding; WBC, white blood cell.

function is extremely important. In the treatment of inflam- plasticity.
matory diseases, the therapeutic effect of MSCs is mainly
the result of immunomodulation and this function is medi-

Methods

ated by the inflammatory microenvironment, which means
that these cells have immunoregulatory plasticity. In re-
sponse to different amounts and kinds of inflammatory
mediators, MSCs produce ample amounts of immunoregu-
latory factors, cell-mobilization factors and growth factors,
thereby facilitating tissue repair by tissue-resident stem
cells.®9 In organismal aging, hormonal, immunologic, and
metabolic factors are the critical microenvironmental sig-
nals that trigger MSC dysfunction, particularly the shift in
differentiation from osteoblasts to adipocytes that occurs
following the activation of key signaling pathways, such as
intracellular oxidative stress and posttranscriptional regu-
lation.19 In addition, in systemic sclerosis, patient serum
mediates oxidative stress effects on MSC function, such
as increasing the apoptosis rate and osteoblastic/adipo-
genic potential, whereas the immunosuppressive function
of MSCs becomes reduced.!! Although the influence of the
pathological ACLF microenvironment on MSCs has never
been reported, our previous studies have examined the
changes in the functional properties of heterologous um-
bilical cord (UC)-MSCs exposed to ACLF serum and aimed
to simulate the pathological microenvironment in vitro, as
well as to determine the molecular mechanisms of MSC

Human serum sample collection

Serum was collected from 20 patients and 20 healthy vol-
unteers, who were included as healthy controls (HCs). The
clinical and biological characteristics of the participants are
shown in Table 1. The inclusion criterion and the exclu-
sion criteria of ACLF were based on the Asian Pacific As-
sociation for the Study of the Liver.1?2 The ACLF grade was
based on Chinese Group on the Study of Severe Hepatitis
B-ACLF.13 Blood from ACLF patients and healthy volun-
teers was centrifuged at 2,000 g for 15 m and the serum
samples were stored at —80°C. The isolation and culture
of UC-MSCs were performed according to Good Manufac-
turing Practice (referred to as GMP) protocols in our GMP
laboratory, as previously described.** In addition, human
peripheral blood mononuclear cells from healthy donors
were isolated by Ficoll, according to standard procedures.
The samples were obtained with written informed consent
from all subjects, in accordance with the Declaration of
Helsinki. This study was carried out in accordance with the
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recommendations of the ethics committee of our hospital
(Third Affiliated Hospital of Sun Yat-sen University, Guang-
zhou, China).

Serum pretreatment scheme for MSCs

Before analyzing the functional characteristics of MSCs
(except for proliferation assay), different concentrations of
ACLF patient (AP) sera and HC sera were added to normal
MSC culture medium for 48 h. According to the treatment
concentrations (10%, 30% and 50%), the groups were
named AP10, AP30, AP50, HC10, HC30, and HC50, and the
normal cultured MSC group was a blank control.

Surface marker expression

When the MSCs had grown to 80% confluence, the cells
from different groups were harvested, and the positive and
negative expression of the surface markers (CD14, CD34,
CD45, HLA-DR, CD29, CD44, CD105 and CD166; all rel-
evant monoclonal antibodies were purchased from Bioleg-
end, San Diego, CA, USA) was examined. The staining was
carried out according to the manufacturer’s instructions,
and the data were analyzed with Kaluza software (Beckman
Coulter, Brea, CA, USA) and FlowJo 7.5 (Treestar, Ashland,
OR, USA).

Proliferation assay

MSCs were plated at 2,000 cells/well in 96-well plates and
then treated with different serum concentrations from ACLF
patients and HC volunteers. Ten microliters of cell count-
ing kit 8 (CCK-8) solution (Dojindo, Kumamoto, Japan) was
added at the indicated time points on days 1, 3, 5, and 7.
Proliferation was measured using the IncuCyte HD imaging
system (Essen BioScience, Tokyo, Japan) by measuring the
optical density value at 450 nm. The results are expressed
as the percentage of proliferation+standard error of the
mean and normalized to 100% as the initial number of cells
plated.

Apoptosis assay

MSCs were plated at 1x<106 cells/well in six-well plates. Af-
ter adding different concentrations of serum to stimulate
the cells for 48 h, the number of apoptotic cells was evalu-
ated by annexin V and propidium iodide (BD Biosciences,
Franklin Lakes, NJ, USA) labeling, according to the man-
ufacturer’s instructions. The labeled cells were analyzed
using Kaluza software (Beckman Coulter) and FlowJo 7.5
(Treestar). The results are expressed as the percentage of
annexin V+ cells.

T lymphocyte proliferation assay

For cell sorting, peripheral blood mononuclear cells were
stained with human CD3 microbeads (Miltenyi Biotec, Ber-
gisch Gladbach, Germany), according to the manufactur-
er’s instructions, and then sorted by a Miltenyi magnetic
bead sorter to harvest CD3+ T cells. The purified CD3+ T
cells were stained with 5 mM 5-(and-6)-carboxyfluorescein
diacetate succinimidyl ester (Cell Trace; Invitrogen, Carls-
bad, CA, USA). MSCs (1x10° cells/well) were seeded in
24-well flat-bottom plates and incubated for 24 h. After

serum pretreatment, T cells were added at a MSC/T cell
ratio of 1:10 and were cocultured with MSCs for 5 days in
RPMI-1640 containing 10% (v/v) fetal bovine serum, 50 U/
mL penicillin and 50 U/mL streptomycin; a 5 pg/mL aliquot
of phytohemagglutinin (Sigma-Aldrich, St. Louis, MO, USA)
was added to activate T cell proliferation. The results are
expressed as the percentage of proliferation+standard er-
ror of the mean.

RNA sequencing

The total RNA from MSCs, which had been pretreated with
serum from each group, were isolated by Trizol (Invitro-
gen), following the manufacturer’s protocol. The transcripts
were sequenced using the BGISEQ-500 sequencing plat-
form (BGI Tech Company, Guangdong, China). Essentially,
differential expression analysis was performed using the
DESeq2 (v1.4.5) with Q value <0.05. To obtain insight into
the change of phenotype, Gene Ontology (GO; http://www.
geneontology.org/) and Kyoto Encyclopedia of Genes and
Genomes (KEGG; https://www.kegg.jp/) and Gene Set En-
richment Analysis (GSEA) of annotated different expression
gene was performed by Phyper (https://en.wikipedia.org/
wiki/Hypergeometric_distribution) based on hypergeomet-
ric test. The significant levels of terms and pathways were
corrected by Q value with a rigorous threshold (Q value
<0.05) by Bonferroni. The protein-protein interaction (PPI)
analysis was conducted by DIAMOND and STRING. Key
driver analysis (KDA) was performed according to Tran’s
methods. All the analyses were conducted with the online
bioinformatic platform Dr. Tom (biosys.bgi.com/) provided
by BGI.1>

Statistical analysis

The results are presented as the means=*standard devia-
tions of the independent experiments. Comparisons were
made using a two-tailed t-tests (between two groups), one-
way ANOVA (for multigroup comparisons) or Kruskal-Wallis
and Mann-Whitney U tests (for nonnormally distributed
data). A p value of <0.05 was considered to represent a sig-
nificant difference. The statistical analyses were performed
using SPSS v. 22.0 (IBM Corp., Armonk, NY, USA). Graphing
was performed using Prism 6.01 software (GraphPad, San
Diego, CA, USA).

Results

ACLF serum pretreatment significantly changed MSC
morphology but not phenotype

First, we observed the morphology of MSCs under the
microscope after serum pretreatment and then detected
their phenotypes. Microscopic analysis (Fig. 1A) showed
that the cells were no longer arranged in a spindle-like
manner in the AP groups, as compared with that of the
MSC group in normal culture conditions and the HC group.
With increasing serum concentrations in the AP groups,
the gaps between cells became larger and many coarse
particles appeared around the nuclei. In the HC group,
when the serum concentration increased to 50%, the cell
morphology also changed slightly. Second, we analyzed
the phenotypes of MSCs treated with different types of
serum and found no large changes (Fig. 1B). It suggest-
ed that when MSCs entered patients with ACLF, the cells
might be adversely affected, although the phenotypes
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Fig. 1. ACLF serum pretreatment significantly changed MSC morphology but not phenotype. (A) Representative photographs of MSCs cultured after serum
treatment for 48 h in different groups. Scale bars, 200 um. (B) UC-MSC phenotype showed no differences after serum pretreatment among groups. Flow cytometry
analysis showed that the cultured UC-MSCs were positive for CD29, CD105, CD166 and CD44 but negative for CD34, CD45, CD14, CD164 and HLA-DR. ACLF, acute-
on-chronic liver failure; AP, ACLF patient; HC, healthy control; MSCs, mesenchymal stem cells.

were still maintained.

ACLF serum dose-dependently decreased the prolif-
eration rate of MSCs but significantly induced apop-
tosis only at 5026 concentration

Since ACLF serum pretreatment significantly changed the
morphology of MSCs, we wondered whether the prolifera-
tion and apoptosis of MSCs would be affected. Therefore,
we evaluated the proliferation rate of MSCs cultured for 7
days and the apoptosis level after serum pretreatment. In
AP groups, only 10% serum significantly reduced MSC pro-

506

liferation, as compared to that of the MSC group and HC
group (Fig. 2A). In addition, as the serum concentration in-
creased, the MSC proliferation rate remained sluggish (Fig.
2B). However, we found that it did not cause obvious apop-
tosis, regardless of whether the serum was from HC donors
or ACLF patients, when the pretreatment concentration was
10% (Fig. 2C-D). In the AP group, only when the serum pre-
treatment concentration was 50%, the percentage of apop-
totic MSCs increased. To our surprise, with increase in serum
concentration in the HC group, the proportion of early and
late apoptotic cells increased, and there was a significant dif-
ference (Fig. 2D). Altogether, the data indicated that there
might be certain harmful substances existing in the serum of
ACLF patients, which could inhibit the proliferation of MSCs
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Fig. 2. Serum pretreatment obviously decreased MSC proliferation in the AP group and increased apoptosis only in the AP50 group. (A) MSC proliferation

in the AP group compared with the MSC group and HC group at the same serum pretre:
ity decreased compared with that of the MSC group after pretreatment with different se

atment concentration. (B) In the AP group or HC group, MSC proliferation activ-
rum concentrations. The data were normalized to MSCs plated on day 1 without

serum treatment. (C) Percentage of annexin V+ apoptotic MSCs in each group. (D) Proportion of early and late apoptotic cells in different groups. The graphs indicate the

means=standard deviations, with statistically significant differences indicated as follows:
healthy control; MSCs, mesenchymal stem cells.

and induce apoptosis when accumulated to a certain degree.

ACLF serum dose-dependently regulated the immu-
nosuppressive effects of MSCs

In cell transplantation therapy, the immunomodulatory ef-

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 503-513

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001; n=5. AP, ACLF patient; HC,

fect of MSCs is extremely important for the improvement
of liver failure. Thus, we investigated the immunosuppres-
sive potential of MSCs after serum pretreatment in each
group (Fig. 3). The sorted CD3+ T lymphocytes cultured
alone proliferated after adding stimulants, such as phyto-
hemagglutinin, while MSCs in normal culture inhibited the
proliferation of these activated T cells to exert an immuno-
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Fig. 3. MSCs exerted a stronger anti-inflammatory effect under ACLF serum pretreatment at 10% concentration but transformed into proinflamma-
tory function at 50% concentration. The percentage of T lymphocyte proliferation after culture alone as the positive control (PC) or culturing at a 1:10 MSC:T
lymphocyte ratio with MSCs that were pretreated for 48 h with human serum from each group. (A) MSCs from the AP10 group markedly inhibited the proliferation and
activation of naive CD3+ T cells compared with those from the MSC group and HC group. (B—C) MSCs from the AP group increased the proliferation and activation of
naive CD3+ T cells compared with those from the MSC group and HC group when the serum concentration was increased to 30% and 50%. The bar graphs indicate
the meanszstandard deviations, statistically significant differences are indicated as follows: *p<0.05, **p<0.01, ***p<0.001; n=5. AP, ACLF patient; HC, healthy

control; MSCs, mesenchymal stem cells.

suppressive effect. When the serum pretreatment concen-
tration was 10%, the proliferation rate of T cells in the AP10
group was the least, which indicated MSCs in this group
exhibited significantly enhanced anti-inflammatory effects,
while the effect on MSCs in the HC group was not signifi-
cantly different (Fig. 3A). When the serum concentration
was 30%, MSCs did not exhibit stronger immunosuppres-
sive potential, even though the anti-inflammatory effect of
MSCs shifted to a proinflammatory effect when the concen-
tration was 50%; although, there may have been individual
differences (Fig. 3B—C). Overall, MSCs that were pretreated
with 50% ACLF serum promoted the proliferation of activat-
ed T lymphocytes. All the data suggest that the pathological
ACLF microenvironment may have an adverse effect on the
infused MSCs. After all, the 50% serum concentration in
vitro is closer to the environment in the human body.

Molecular pathways by which ACLF serum enhanced
MSC immunosuppressive functions in the AP10 group

In order to investigate the mechanism by which ACLF serum

508

pretreatment at 10% concentration enhanced the immu-
nosuppressive function of MSCs and the key driver genes,
thereby suggesting some upstream molecules, we collected
samples of serum-treated MSCs and performed mRNA se-
quencing analysis according to the experiment workflow
(Fig. 4). The volcano maps show the differentially expressed
genes (DEGs) between the AP10 group and HC10 group
(Fig. 5A) Then, 1,221 up-regulated genes and 1,641 down-
regulated genes were analyzed by KEGG, GO and GSEA to
identify the pathways of interest (the screening conditions
were log2-fold change (referred to herein as log2FC) >1
and Q value <0.05). Therefore, in the KEGG analysis of
down-regulated genes (Fig. 5B), we selected immune-relat-
ed pathways (shown in red boxes) and performed PPl net-
work analysis on the DEGs involved in these pathways (Fig.
5C). PPI analysis indicated that the proteins expressed by
the genes in the blue circle affected each other, which were
more likely to be in the same pathway. Moreover, KDA was
used to screen the key genes (denoted by the black arrow)
that affected these pathways (Fig. 5D). In addition, the ex-
pression cluster heatmap clearly showed the differences in
the expression of these core genes in each group (Fig. 5E).
Furthermore, we performed re-enrichment of these KDA
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(2) Differentially expressed genes (DEG) analysis
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(4) KEGG Pathway Analysis g
mad (5) Gene Set Enrichment Analysis (GSEA)

md (6) Map Network Interactions Analysis

Molecular and Pathway targets for
MSC's Function Changes in ACLF

Fig. 4. RNA sequencing experiment workflow. The workflow of serum pretreatment, MSC sample collection, mRNA sequencing data analysis and interpretation
is presented. More information on the detailed methods is provided in the Materials and Methods section. Since the AP10 group and AP50 group exhibited significantly
different effects on the immunoregulatory function of MSCs, subsequent sequencing analysis should focus on these two groups. AP, ACLF patient; MSCs, mesenchymal

stem cells.

genes and found that the PI3K-Akt signaling pathway might
play a major role in the serum-mediated MSCs’ exerting
stronger immunosuppressive function.

Molecular pathways by which serum transformed
MSCs into proinflammatory cells in the AP50 group

According to the same analysis workflow, we performed
GO enrichment analysis of up-regulated DEGs between the
AP50 group and HC50 group (Fig. 6A) In fact, we found that
immune-related pathways were rarely enriched in various
enrichment analyses. However, the pathways related to cell
cycle, cell division, cell proliferation and apoptotic process
were significantly enriched. For the DEGs involved in these
pathways, we also performed PPl analysis and KDA. Simi-

larly, the expression cluster heatmap (Fig. 6B) and the his-
togram based on Fragments per kilobase of exon model per
million mapped fragments (FPKM) (Fig. 6C) clearly showed
the differences in the expression of these core genes be-
tween the AP50 group and HC50 group. The re-enrichment
results of the KDA genes (Fig. 6D) suggested that ACLF
serum at 50% concentration might affect the cell cycle and
threaten the basic metabolic activities, leading to the trans-
formation of MSCs into a proinflammatory function.

Discussion

Our research idea was originally derived from the longitudi-
nal comparison of two clinical studies of the use of MSCs in
the treatment of ACLF, which were performed in our depart-
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circle, the more highly the gene is connected to other genes. The line represents the interaction among genes. (D) KDA showed which genes are major regulators in the
PPI map (denoted by the black arrow). (E) Expression cluster analysis was conducted on the FPKM value among the AP10 group, HC10 group and MSC group, to show
10 KDA genes. The thermogram showing the log2 (FPKM+1) of the sample, which is represented by the horizontal axis, and the gene is represented by the vertical axis.
Under default color-matching, the redder the color of the block, the higher the expression level, and the bluer the color, the lower the expression level. (F) Histogram
diagram showing the KEGG re-enrichment of KDA genes between AP10 group and HC10 group. Y-axis represents the KEGG enrichment pathway; the bar chart length
represents the number of genes annotated to a KEGG pathway. ACLF, acute-on-chronic liver failure; AP, ACLF patient; DEGs, differentially expressed genes; KDA, Key
driver analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes; MSCs, mesenchymal stem cells; PPI, protein-protein interaction.
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Fig. 6. Molecular pathways target how ACLF serum transformed MSCs into a proinflammatory effect in the AP50 group compared with the HC50 group,
following the same sequencing analysis workflow. (A) Bubble diagram showing GO enrichment analysis of up-regulated DEGs. The red boxes enclose pathways
of interest that are significantly enriched. (B—C) The expression cluster heatmap and the histogram based on FPKM of 10 KDA genes after PPl analysis and KDA. (D)
The GO re-enrichment results of KDA genes between AP50 group and HC50 group. ACLF, acute-on-chronic liver failure; AP, ACLF patient; DEGs, differentially expressed
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ment in 2011 and 2017 respectively.34 There were many
differences, such as the cell source, generation, infusion
volume and infusion methods, between the two studies.
Nonetheless, we were concerned about why a small group
of patients did not respond well to MSC treatment. Moreo-
ver, it was reported that the infusion of MSCs via a periph-
eral vein did not rescue acute liver failure pigs, while most
of the acute liver failure pigs survived more than 6 months
after the transplantation of MSCs via the portal vein.16:17
We wondered whether MSCs were more susceptible to the
adverse effects of the pathological microenvironment in the
body when they were administered via intravenous infusion
compared with in situ infusion, rendering these cells un-
able to exert a beneficial therapeutic effect. Thus, this study
aimed to investigate MSC properties in the specific context
of allogeneic transplantation and the molecular and mecha-
nism pathways that affect the plasticity of MSCs.

In this study, we observed that pretreatment of MSCs
with ACLF serum reduced proliferation but did not obviously
increase the level of apoptosis at 10% concentration. Be-
sides, the immunosuppressive function of these cells was
significantly enhanced at 10% concentration, while becom-
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ing shifted to a proinflammatory state at 50% concentra-
tion. In another study, Fonteneau et al.1l found that in the
oxidative environment of systemic sclerosis patient serum,
MSCs retained their proliferative potential, with increased
apoptosis rate occurring at day 10. In addition, the immu-
nosuppressive function of these cells was slightly decreased.
Although systemic sclerosis and ACLF have different dis-
ease backgrounds, the phenomena we observed in terms
of proliferation and apoptosis were the same, while the
immunosuppressive functions were not exactly the same.
Moreover, several studies have reported that apoptotic cells
could modulate immune responses.18-20 Galleu et al.?* used
a murine model of graft-versus-host disease to demonstrate
that MSCs were actively induced to undergo perforin-inde-
pendent apoptosis by recipient cytotoxic cells and that this
process was essential for initiating MSC-induced immuno-
suppression. In addition, it was reported that MSCs could be
shifted from a suppressive to supportive phenotype when
exposed to defective immune cells, since MSCs are very
sensitive to their environment. This immune activating ef-
fect may be due to MSC prestimulation.22

In this study, although ACLF serum pretreatment concen-
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tration of 50% caused obvious apoptosis, the MSCs did not
exert a stronger immunosuppressive effect. According to
the mRNA sequencing results of the AP50 group, the path-
ways related to cell cycle, cell division, cell proliferation and
apoptotic process were significantly enriched. We have to
suspect that some unfavorable factors in the serum seri-
ously affect the basic metabolism of MSCs, and even exceed
the role of some inflammatory factors that can empower
MSCs, causing MSCs to exhibit proinflammatory effects.
Interestingly, the proliferative activity of MSCs pretreated
with HC serum was not significantly weakened, whereas the
level of apoptosis was significantly increased and the im-
munosuppressive function was not significantly enhanced.
We wondered whether when the apoptosis rate exceeded a
certain threshold or if the lack of some inflammatory factors
that stimulate MSCs in HC serum prevented pretreatment
with healthy donor serum from enhancing the immunosup-
pressive function of MSCs.

Human serum accounts for approximately 50% of the to-
tal blood volume. Compared with ACLF serum pretreatment
of 10% concentration, the 50% concentration may be more
similar to the environment in the human body. Thus, MSCs
enter the pathological ACLF microenvironment and may be
negatively affected and unable to exert a beneficial thera-
peutic effect. However, combining treatments of plasma ex-
change or double plasma molecular adsorption system to
reduce harmful substances in serum may promote MSCs
to exert a stronger anti-inflammatory effect. According to
our mRNA sequencing results of the MSCs pretreated with
ACLF serum at 10% concentration, the PI3K-Akt signaling
pathway might play a major role in the serum-mediated
MSCs exerting stronger immunosuppressive function. As we
know, the PI3K-Akt pathway is indispensable in immunolog-
ic defense mechanisms and acts in part as a compensatory
mechanism in response to the activation of intracellular pro-
inflammatory signaling pathways.?3-25 We suspected that
ACLF serum pretreatment may down-regulate the PI3K-Akt
pathway, thereby stimulating cascade reactions and driving
MSCs to exert stronger immunoregulatory effects.

Our study also has many shortcomings. First, our ex-
perimental design cannot fully simulate the internal envi-
ronment of ACLF, since it is an extremely complex disease
condition. Indeed, no specific factor can play a completely
different role in the immunomodulation of MSCs at differ-
ent concentrations. Second, we did not verify the mRNA
sequencing results by measuring transcription or protein
levels. Considering that simple verification can only show
that the corresponding pathway was affected, it cannot in-
dicate whether the affected pathway is the main reason for
the alteration in MSC functional characteristics. Therefore,
we plan to explore the importance of the KDA genes in the
involved pathways and their influence on MSCs in subse-
quent experiments.

Presently, most clinical studies on MSC treatment of dis-
eases generally use intravenous infusion due to safety con-
siderations. However, this also means that compared to the
short and direct infusion route of in situ infusion, MSCs are
likely to be affected by the environment during the lengthy
internal circulation. To determine which substances in the
serum would adversely affect the MSCs and filter out these
harmful substances by plasma exchange or double plasma
molecular adsorption system may further improve the ef-
ficiency of MSCs transplantation as well as suggest the rea-
sons for the poor response of some patients to treatment.
The above is also the content of our subsequent research.
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Abstract

Background and Aims: It remains difficult to forecast the
180-day prognosis of patients with hepatitis B virus-acute-
on-chronic liver failure (HBV-ACLF) using existing prognostic
models. The present study aimed to derive novel-innovative
models to enhance the predictive effectiveness of the 180-
day mortality in HBV-ACLF. Methods: The present cohort
study examined 171 HBV-ACLF patients (non-survivors,
n=62; survivors, n=109). The 27 retrospectively collected
parameters included the basic demographic characteristics,
clinical comorbidities, and laboratory values. Backward step-
wise logistic regression (LR) and the classification and regres-
sion tree (CART) analysis were used to derive two predictive
models. Meanwhile, a nomogram was created based on the
LR analysis. The accuracy of the LR and CART model was
detected through the area under the receiver operating char-
acteristic curve (AUROC), compared with model of end-stage
liver disease (MELD) scores. Results: Among 171 HBV-ACLF
patients, the mean age was 45.17 years-old, and 11.7% of
the patients were female. The LR model was constructed with
six independent factors, which included age, total bilirubin,
prothrombin activity, lymphocytes, monocytes and hepatic
encephalopathy. The following seven variables were the prog-
nostic factors for HBV-ACLF in the CART model: age, total
bilirubin, prothrombin time, lymphocytes, neutrophils, mono-
cytes, and blood urea nitrogen. The AUROC for the CART

Keywords: Classification and regression tree; Acute-on-chronic hepatitis B
liver failure; MELD scores; Logistic regression model.

Abbreviations: ACLF, acute-on-chronic liver failure; ALT, alanine transami-
nase; AST, aspartate transaminase; AUROC, area under the receiver operating
characteristic curve; BUN, urea nitrogen; CART, classification and regression
tree; Cl, confidence interval; HBsAg, hepatitis B virus surface antigen; HBV,
hepatitis B virus; HE, hepatic encephalopathy; HGB, hemoglobin; INR, interna-
tional normalized ratio; L, lymphocyte; LT, liver transplantation; LR, logistic re-
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model (0.878) was similar to that for the LR model (0.878,
p=0.898), and this exceeded that for the MELD scores (0.728,
p<0.0001). Conclusions: The LR and CART model are both
superior to the MELD scores in predicting the 180-day mortal-
ity of patients with HBV-ACLF. Both the LR and CART model
can be used as medical decision-making tools by clinicians.

Citation of this article: Xue R, Yang J, Wu J, Wang Z, Meng
Q. Novel prognostic models for predicting the 180-day out-
come for patients with hepatitis-B virus-related acute-on-
chronic liver failure. J Clin Transl Hepatol 2021;9(4):514—
520. doi: 10.14218/JCTH.2021.00028.

Introduction

Acute-on-chronic liver failure (ACLF) is a common type of
clinical syndrome with rapid deterioration of liver function,
organ failure(s) and high short-term mortality.! Hepatitis B
virus (HBV) poses a serious threat to human health, due to
its devastating effect on liver function.? In the Asia-Pacific
region, HBV is the leading cause of chronic liver disease.3
At present, liver transplantation (LT) is still the most bene-
ficial and feasible therapy for patients with ACLF.#-> However,
20-30% of patients remain at risk to be delisted from the
transplant list, and wait-list mortality is high due to patients
being too sick for LT and succumbing to the condition. Hence,
it is a significant unmet need to accurately distinguish ACLF
patients who are suitable for LT therapy, and seize the best
chance for LT.® Therefore, an accurate prognostic scoring sys-
tem is needed to guide and optimize the therapeutic strategy
for patients with ACLF.7 At present, the model of end-stage
liver disease (MELD) score is the most commonly used tool for
designating patients to the wait-list for LT.8 However, among
the candidates listed for LT, the MELD score may not capture
the ACLF severity and adequately evaluate the outcome in the
ACLF. Meanwhile, due to differences in patient background
queues, the MELD score may not be reasonably applied for
HBV-ACLF. Furthermore, although some prognostic scoring
systems have been developed to predict the HBV-ACLF short-
term (such as 30-day and 90-day) mortality, including the
30-day HBV-ACLFD model previously developed by the inves-
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432 patients hospitalized for HBV-ACLF were screened

261 patients were excluded for one or more of
the following reasons:

135 had hepatocelluar carcinoma

12 were pregnant

== 59 had severe extra-hepatic diseases

24 were receiving immunosuppressive drugs

21 existed for alcohol abuse

10 had drug induced liver failure

171 patients were enrolled and included

Fig. 1. Flow diagram of inclusion of study participants in the study.

tigators?, the efficacy is still scanty to predict the mid-term
(such as 180-day) mortality of patients with HBV-ACLF.

The present study aimed to derive novel predictive mod-
els to evaluate the 180-day mortality of patients with HBV-
ACLF based on the backward stepwise logistic regression
(LR) and classification and regression tree (CART) analysis,
and to evaluate whether these new models are superior to
the MELD scores, providing guidance for clinical treatment
decision making.

Methods

Study design

A total of 445 patients, who were diagnosed with HBV-ACLF
at Beijing You’an Hospital, Capital Medical University, from
June 2014 and December 2018, were selected for the pre-
sent study. Among these patients, merely 171 entered the
final selection. The selection process for HBV-ACLF patients
inclusion in the present study is presented in Figure 1.

The enrolment criteria for these patients corresponded
to the Asian Pacific Association for ACLF.1° The inclusion
criteria were as follows: (a) patients who were at least
16 years-old; (b) patients who were HBV surface antigen
(HBsAg)-positive for at least 6 months; (c) patients with a
total bilirubin (TBIL) of >171 umol/L and a sudden exac-
erbation of liver disease; (d) patients with an international
normalized ratio (INR) of >1.5; (e) patients who had as-
cites within 4 weeks and/or had an onset of hepatic en-
cephalopathy (HE). The exclusion criteria were as follows:
(a) pregnant or lactating patients; (b) patients co-infected
with human immunodeficiency virus; (c) patients with se-
vere diseases, such as heart dysfunction, previous renal
failure, cancer, etc.; (d) patients with infection upon ad-
mission to the hospital; (e) patients compounded by other
causes of liver damage, such as hepatitis A, C, or E, auto-
immune hepatitis, alcohol consumption, or hereditary liver
diseases.

The study protocol was approved by the Ethics Commit-
tee on Clinical Trials of Beijing You’an Hospital, Capital Medi-
cal University. All methods and procedures related to the
present study were morally accorded with the laws of the

Declaration of Helsinki.

A total of 27 parameters were retrospectively collected
as potential risk factors. The parameters included sex, age,
serum creatinine level, blood urea nitrogen (BUN) level,
aspartate transaminase (AST) level, aspartate alanine
transaminase (ALT) level, albumin level, TBIL level [nor-
mal reference range: 5-21 upmol/L], serum sodium level,
serum potassium level, ammonia level, prothrombin activity
(PTA), INR, white blood cell (WBC), hemoglobin (HGB), red
blood cell (RBC) count, platelet (PLT) count, lymphocytes
(L), neutrophils (N), monocytes (M), time begin, HBV DNA,
HBsAg, and complications such as hepatorenal syndrome,
ascites, infection, pleural effusion, cirrhosis, and HE. The re-
sult (survival or death) for each subject with HBV-ACLF was
recorded. The MELD equation was applied to calculate the
score for severity as: 9.57 x In (creatinine, mg/dL) + 3.78
x In (bilirubin, mg/dL) + 11.20 x In (INR) + 6.43. The mini-
mal values were forced to 1.0 for calculation purposes.1t

LR analysis and nomogram generation

A multivariable LR analysis was performed for the predic-
tion of HBV-ACLF. The candidate predictors were as follows:
sex, age, creatinine, BUN, AST, ALT, albumin, TBIL, serum
sodium level, serum potassium level, ammonia level, PTA,
INR, WBC, RBC, HGB, PLT, L, N, M, time begin, HBV DNA,
HBsAg, hepatorenal syndrome, ascites, infection, pleural ef-
fusion, cirrhosis, and HE.

In order to identify the significant predictors, 1,000 ran-
dom samples were generated from the 171 patients through
bootstrap resampling with replacement, and backward step-
wise LR was conducted for each patient. Then, the predictors
selected by the backward stepwise regression were included
in the final model. Next, a 10-fold cross-validation was used
to calculate the C-index and generate the calibrated statis-
tics. Finally, the parameters for the final model were gener-
ated. Based on the results of the logistic regression, the 95%
confidence interval (Cl) and odds ratio (OR) were calculated.
The performance of the model was assessed by sensitivity,
and by evaluating the discriminative capacity via the area
under the receiver operating characteristic curve (AUROC).
A nomogram was created based on the LR analysis, and the
nomogram was constructed using the rms package.

Analysis of the CART

A CART analysis was performed for the 171 patients, and
it was verified whether this method could calculate more
useful clinical results, when compared to the LR model. The
candidate predictors were the same as those used in the LR
model. The CART analysis divided the data (parent node)
into two subsets (child nodes) through the function of the
predictor variables. These two subsets were the new par-
ent nodes, which were further split into two child nodes.
This process was continued until all patients were classi-
fied. After finding the best split for each variable, the CART
algorithm used the best overall split to divide the data, and
assigned a prediction category for each subgroup. The CART
recursively proceeded in this manner, until a predetermined
stopping criterion was reached. The algorithm was allowed
to go on indefinitely, enabling the model to identify the en-
tirely or almost entirely homogeneous splits.

In the present study, the CART analysis was used to
predict the 180-day mortality of patients with HBV-ACLF.
The mortality rate, 95% CIl and OR were determined. The
10-fold cross-validation was used to trim and optimize the
tree, and minimize the relative misclassification. The C-
index and the receiver operating characteristic curve were
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Table 1. Baseline characteristics of the patients, stratified by mortality

Variable Overall, n=171 Non-survivors, n=62 Survivors, n=109 p

Age in years 45.17 (12.49) 48.74 (12.54) 43.14 (12.05) <0.0001
Men, n(%) 151(88.3) 51(82.3) 100(91.7) 0.064
Ascites, n(%0) 103(60.2) 46(74.2) 57(52.3) 0.005
HE, n(%0) 20(11.7) 13(20.9) 7(6.4) 0.004
Infection, n(%) 92(53.8) 38(61.3) 54(49.5) 0.138
K/Na, n(%) 17(9.9) 5(8.1) 12(11) 0.536
HBeAg, n(%o) 91(53.2) 32(51.6) 59(54.1) 0.751
HRS, n(%) 5(2.9) 4(6.4) 1(0.9) 0.111
Pleural effusion, n(%) 7(4.1) 5(8.1) 2(1.8) 0.115
Cirrhosis, n(%o) 137(80.1) 49(79) 88(80.7) 0.789
IgHBV DNA 4.76(1.93) 4.61(2.06) 4.84(1.87) 0.491
HBsAg 3,948.19 (5,194.35) 4,541.64 (7,356.64) 3,610.64 (3,403.74) 0.944
ALT 464.02 (577.17) 325.65 (305.42) 542.73 (674.12) 0.047
AST 377.83 (413.63) 342.99 (286.41) 397.66 (471.05) 0.393
TBIL 353.83 (138.49) 408.7 (146.06) 322.62 (124.20) <0.0001
BUN 4.86 (2.49) 5.56 (2.78) 4.46 (2.22) 0.002
cr 75.16 (36.97) 81.50 (42.99) 71.55 (32.72) 0.174
WBC 7.34 (3.52) 7.89 (4.28) 7.022 (2.99) 0.422

L 20.59 (8.58) 16.77 (6.74) 22.76 (8.78) <0.0001
M 9.35 (3.78) 10.20 (4.38) 8.86 (3.32) 0.025

N 93.6 (65.55) 69.2 (18.06) 63.47 (7.38) 0.002
PTA 35.97 (9.3) 31.50 (8.58) 38.51 (9.62) <0.0001
INR 2.11 (0.56) 2.36 (0.65) 1.97 (0.45) <0.0001
RBC 3.88 (0.85) 3.82 (0.90) 3.91 (.82) 0.336
HGB 124.3 (21.0) 122.33 (21.95) 125.42 (20.46) 0.402
PLT 104.77 (51.73) 96.12 (52.58) 109.68 (50.83) 0.036
Time begin 22.72 (19.01) 23.44 (16.22) 22.31 (0.49) 0.081
ALB 31.06 (4.13) 30.85 (4.31) 31.18 (4.04) 0.615

ALB,albumin;ALT, alanine transaminase; AST, aspartate transaminase; BUN, urea nitrogen; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; HE, hepatic
encephalopathy; HGB, hemoglobin; HRS, hepatorenal syndrome;INR, international normalized ratio; L, lymphocyte; M, monocyte; N, neutrophil; PLT, platelet; PTA,

prothrombin activity; RBC, red blood cell; TBIL, total bilirubin; WBC, white blood cell.

generated to evaluate the performance of the final decision
tree.

Statistical analysis

Continuous variables were presented as mean = standard
deviation (SD), and compared using the Mann-Whitney
test, and unpaired or two-tailed t-test. Categorical variables
were compared using the chi-square test. The predictive ac-
curacy of the LR model was calculated with the concordance
statistic, which ranged from 0.5 (no discrimination) to 1.0
(perfect discrimination). The calibration was assessed using
the calibration plot, which was implied by a 45° diagonal
line with the 1,000 bootstrap samples, in order to decrease
the overfit bias.’?2 The ROC curve analysis was performed
using the MedCalc 17.0 software (Mariakerke, Belgium).
The nomogram and CART analysis were performed using
the R statistical software, version 4.0.2 (http://www.Rpro-

ject.org). The additional statistical analysis was analyzed
using the SPSS 25 software (IBM Corp., Armonk, NY, USA).
The reported statistical significance levels were all two-sid-
ed, and the statistical significance was set at 0.05.

Results

Baseline characteristics

A total of 171 patients who were diagnosed with HBV-ACLF
were involved in the present study. The comparison of the
clinical characteristics of HBV-ACLF patients stratified by
mortality are presented in Table 1. There were no signifi-
cant differences in sex distribution, potassium/sodium, cir-
rhosis, HBV DNA, and time begin between the non-survivor
(death) group and survivor group (p>0.05). However, the
differences in age, PTA, INR, TBIL and L were statistically
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Table 2. Multivariable predictors of mortality of HBV-ACLF

Variable B-coefficient OR(95%06 CI) P

HE 1.635 5.13 (1.282,20.512) 0.021
TBIL 0.006 1.006 (1.002,1.009) 0.001
PTA -0.115 0.892 (0.845,0.941) 0.0001
L -0.130 0.878 (0.825,0.935) 0.0001
M 0.215 1.240 (1.087,1.414) 0.001
Age 0.049 1.050 (1.014,1.087) 0.006

HE, hepatic encephalopathy; L, lymphocyte; M, monocyte; PTA, prothrombin activity; TBIL, total bilirubin.

significant between these two groups (p<0.0001).

LR analysis and nomogram

In order to deeply identify the independent predictors of
mortality in the present study, multivariate backward step-
wise LR analysis was performed. It was found that age, TBIL,
PTA, L, M and HE were significantly associated with the 180-
day mortality (Table 2). The C-index for the LR model with
these predictors was 0.878. In the 1,000 bootstrap data, the
calibration plot for the prediction indicated a good fit (Fig.

2), and the Brier score was 0.1898. Based on the results
of the LR analysis, a homogram was drawn to predict the
patient’s mortality rate (Fig. 3). A higher score calculated
based on the sum of assigned points of each predictor in the
nomogram corresponded to a higher probability of death.

CART analysis

In the CART model, TBIL was identified as the variable for
the initial split, with an optimal value of 381.10 umol/L, and
L was selected as the variable for the second split, with a dis-
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Fig. 3. The nomogram was developed by incorporating the following six parameters: age (years), total bilirubin (pmol/L), prothrombin activity,
lymphocyte (26), monocyte (%), and HE. For example, a Hepatitis-B virus-related acute-on-chronic liver failure (HBV-ACLF) patient was 65 years-old, with total
bilirubin (TBIL) of 400 umol/L, L% of 40%, M% of 12%, prothrombin activity (PTA) of 35, and having hepatic encephalopathy (HE). The corresponding total points
were: 40+20+20+40+55+25=200. The predicted value of death risk in the nomogram was about 50%.

crimination level of 13.78%. When L was >13.78%, the next
best predictor for HBV-ACLF was PTA, with an optimal cut-off
value of 33.2. For the node of patients who have a TBIL level
of >381.1 pmol/L, an L of >13.78% and a PTA level higher
than 33.2, M was selected as the additional significant vari-
able, and this was dichotomized at a level of 10.96%.

Finally, a total of nine subgroups of patients were gen-
erated through the seven predictive variables chosen via
the CART analysis: subgroup 1 (TBIL =381.10 pmol/L and
L <13.78%), subgroup 2 (TBIL <381.10 umol/L and BUN
>7.915 mmol/L), subgroup 3 (TBIL <381.10 pmol/L, BUN
<7.915 mmol/L, and age <56.00 years-old), subgroup 4
(TBIL =381.10 pmol/L, L 213.78%, PTA <33.20, and age
<43.50 years-old), subgroup 5 (TBIL =381.10 umol/L, L
>13.78%, PTA <33.20, and age = 43.50 years-old), sub-
group 6 (TBIL =381.10 pmol/L, L 213.78%, PTA =33.20,
and M >10.96%), subgroup 7 (TBIL =381.10 pmol/L, L
>13.78%, PTA =33.20, and M <10.96%), subgroup 8
(TBIL <381.10 pmol/L, BUN <7.915 mmol/L, age =56.00
years-old, and N 265.10%), and subgroup 9 (TBIL <381.10
umol/L, BUN <7.915 mmol/L, age =56.00 years-old, and
N <65.1%) (Fig. 3). Each patient was sorted to subgroups
based on flow chart of the derived CART. The mortality rates
for each subgroup are presented in Figure 4. The C-index
for the CART model with these predictors was 0.878.

Comparison among the LR, CART and MELD score

As shown in the Figure 5, the predictive power for the 180-
day mortality for HBV-ACLF among the LR, CART and MELD

score was determined. The CART analysis had an AUROC
of 0.878 (95% ClI: 0.810-0.923). The performance of the
LR analysis was high, with an AUROC of 0.878 (95% CiI:
0.820-0.923). However, there was no significant difference
between the CART and LR model (p=0.9659). In Table 3, the
MELD score had an AUROC of 0.728 (95% Cl: 0.655-0.793),
which was significantly lower than that for the LR and CART
model (p<0.0001).

Discussion

HBV-ACLF is defined as a hazardous syndrome with multio-
rgan failure.3-> Worldwide, it has been demonstrated that
LT brings survival profit for selected patients with ACLF.
Due to the rapid progression and unpredictable results,
accurate prognostic scoring systems are the precondition
for optimizing the clinical therapeutic strategy for HBV-
ACLF patients. Although the MELD score has been verified
to promote the allocation of donor livers, this is still not
an ideal indicator for HBV-ACLF patients.13 Although sev-
eral prognostic models have been developed to predict the
HBV-ACLF short-term (such as 30-day and 90-day) mortal-
ity,14-17 including the 30-day HBV-ACLFD model previously
developed by the investigators,® there is still a lack of a
prognostic model to predict the mid-term (such as 180-
day) mortality of patients with HBV-ACLF. In the present
study, the LR and CART models were developed to predict
the 180-day mortality of patients with HBV-ACLF. Both the
LR and CART models could be used as medical decision-
managing tools by clinicians.
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Fig. 4. Predictors from classification and regression tree (CART). Terminal subgroups of patients discriminated by the analysis were numbered from 1 to 9.
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Fig. 5. ROC analysis of the predictive accuracy of the classification and
regression tree (CART) model, logistic regression (LR) and model for
end-stage liver disease (MELD) score to predict 180-day mortality of
hepatitis-B virus-related acute-on-chronic liver failure (HBV-ACLF).
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In the present study a new LR model was established,
which included age, TBIL, L, M, HE and PTA as prognostic
factors for the 180-day mortality. The AUROC for this prog-
nostic model was significantly higher than that for the MELD
score. Except for LR, a novel CART model was also developed
to predict the 180-day outcome of HBV-ACLF patients. In the
present study, the CART model included age, TBIL, PTA, L, M,
N and BUN. These seven potential variables were the impor-
tant predictors for the survival of HBV-ACLF patients. Both
the LR and CART models appeared to perform better than
the MELD score. Meanwhile, the investigators also made the
LR models easier to use in clinic by drawing a nomogram.

Compared to traditional models, the CART model has many
advantages. First, the CART can conduct highly biased clini-
cal data, and reveal the complicated relationships among dif-
ferent variables. This generates a clearly visible decision tree
that contains many binary splits, which are more accessible
and convenient for clinical applications. Second, in the pre-
sent study, the CART model had better predictive accuracy,
when compared to the MELD score. At present, some organ
function-based scoring systems, including the chronic liver
failure-sequential organ failure assessment score, the CLIF
Association ACLF score,® the chronic liver failure-sequential
organ failure assessment score (, the Acute Physiology and
Chronic Health Assessment Il score,® and the sequential or-
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Table 3. The predictive value of mortality of the CART score and other models

Models AUROC 959% CI P Youden'’s index Sensitivity, %0 Specificity, %
CART 0.878 0.819-0.923 0.0001 0.6280 90.32 72.48
LR 0.878 0.820-0.923 0.0001 0.6255 85.48 77.06
MELD 0.728 0.655-0.793 0.4553 75.81 69.72

AUROC, area under the receiver operating characteristic curve; CART, classification and regression tree; Cl, confidence interval; LR, logistic regression; MELD, model

for end-stage liver disease.

gan failure assessment score, have also been used to make
predictions for the mortality of ACLF. Compared to these
scoring systems, the CART model is much easier to apply.
Third, the CART model is more convenient for LT patients, in
terms of estimating the risk stratification. Shi et al.2° used
a CART model to validate the 3-month mortality of patients
with HBV-ACLF. This revealed the profit of the CART model to
predict the HBV-ACLF risk stratification.

However, there were some limitations in the present study.
The present study was a single-center retrospective study that
mostly involved male patients. However, it was not easy to col-
lect more data of the mid-term outcome of HBV-ACLF patients.
Hence, further validation is needed through a larger study.

Conclusions

The LR and CART model was derived to predict the 180-
day clinical outcomes in HBV-ACLF patients. These models
can be helpful for doctors who need to make vital clinical
decisions for patients with HBV-ACLF. However, larger mul-
ticenter studies and further evaluations are needed.
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Abstract

Background and Aims: The recognition of transarterial
chemoembolization (TACE) failure/refractoriness among
Chinese clinicians remains unclear. Using an online sur-
vey conducted by the Chinese College of Interventionalists
(CCl), the aim of this study was to explore the recogni-
tion of TACE failure/refractoriness and review TACE applica-
tion for hepatocellular carcinoma (HCC) treatment in clini-
cal practice. Methods: From 27 August 2020 to 30 August
2020 during the CCI 2020 annual meeting, a survey with 34
questions was sent by email to 264 CCI clinicians in China
with more than 10 years of experience using TACE for HCC
treatment. Results: A total of 257 clinicians participated
and responded to the survey. Most participants agreed that
the concept of “TACE failure/refractoriness” has scientific
and clinical significance (n=191, 74.3%). Nearly half of
these participants chose TACE-based combination treat-
ment as subsequent therapy after so-called TACE failure/
refractoriness (n=88, 46.1%). None of the existing TACE
failure/refractoriness definitions were widely accepted by
the participants; thus, it is necessary to re-define this con-
cept for the treatment of HCC in China (n=235, 91.4%).
Most participants agreed that continuing TACE should be
performed for patients with preserved liver function, pre-
senting portal vein tumor thrombosis (n=242, 94.2%) or
extrahepatic spread (n=253, 98.4%), after the previous
TACE treatment to control intrahepatic lesion(s). Conclu-
sions: There is an obvious difference in the recognition of
TACE failure/refractoriness among Chinese clinicians based
on existing definitions. Further work should be carried out
to re-define TACE failure/refractoriness.
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Introduction

Transarterial chemoembolization (TACE) plays a key role in
the management of unresectable hepatocellular carcinoma
(HCC). According to the global BRIDGE study, TACE is the
most widely applied approach in both intermediate and ad-
vanced stages of HCC, as recommended by several guide-
lines.®> Considering the epidemiological differences between
countries, HCC patients in China treated with TACE are often
reported to have a higher tumor burden compared to those
in Western countries.® The purpose of TACE for HCC is to
control or shrink the lesion(s) locally. Due to the high het-
erogeneity of HCC, which varies according to the number,
size, location, and growth pattern of tumors, it is difficult
to achieve a satisfactory tumor response from a single ses-
sion of TACE.”8 However, repeated TACE could damage liver
function and increase treatment-related side effects.® There-
fore, a delicate balance between the necessity and benefits
of repeated TACE treatment should be considered, where
benefits are also balanced against treatment side effects.

To assess such balance in clinical practice and clinical
trials, several organizations and panels, including the Ja-
pan Society of Hepatology (JSH) (Kyoto, Japan), the Inter-
national Association for the Study of the Liver (Shanghai,
China), and a European expert panel, introduced various
definitions of TACE failure/refractoriness.1%-12 Among them,
the 2014 definition by the JSH-Liver Cancer Study Group
of Japan (LCSGJ) is most widely applied in clinical practice
and trials. According to JSH-LGSGJ 2014 criteria, the inci-
dence of TACE failure/refractoriness ranges from 37.0% to
49.3%.13.14

Nevertheless, by emphasizing retrospective studies and
consensus rather than high-level evidence, these definitions
and subsequent treatment recommendations for TACE fail-
ure/refractoriness remain somewhat ambiguous and con-
troversial. In addition, the epidemiological difference in re-
search between Japan/Western countries and China reveals
discrepancies in the extent of disease burden, whereby a
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relatively higher burden of HCC is reported in China. Un-
der these circumstances, three questions remain to be an-
swered before the definitions and subsequent treatment
recommendations can be applied in China. (1) Is TACE fail-
ure/refractoriness widely accepted and applied in real-world
clinical practice in China? (2) Is the definition-recommend-
ed subsequent treatment after TACE failure/refractoriness
accepted and applied in real-world clinical practice in China?
(3) What are the ideal definition and subsequent treatment
recommendations of TACE failure/refractoriness in China?

The Chinese College of Interventionalists (CCIl) conduct-
ed an online survey to identify the trends in real-world clini-
cal practice of TACE, recognition of TACE failure/refractori-
ness, and subsequent treatment strategies in China.

Methods

Study population and questionnaire

The present study did not require an approval from an in-
stitutional review board, because it was solely based on
reported statistics and did not involve humans or animals
as subjects. The TACE procedure mentioned in this survey
was conventional TACE. During the CCl 2020 annual meet-
ing from 27 August 2020 to 30 August 2020, the question-
naires were sent by email to 264 clinicians with more than
10 years of experience in using TACE for HCC treatment
in China. On 28 August 2020 and 30 August 2020, follow-
up telephone calls were made to the nonresponders and to
the responders who did not fill out the questionnaires com-
pletely, respectively.

The questionnaire was designed and formulated with four
major parts: (1) the overall understanding of TACE in real-
world clinical practice; (2) factors influencing the treatment
response of TACE; (3) understanding and expectations of
TACE failure/refractoriness and subsequent treatment pat-
terns; and (4) perspectives on TACE.

Completed questionnaires returned before 31 August
2020 were collected for analysis. Questionnaires returned
after 30 August 2020 and incomplete questionnaires were
excluded.

Statistical analysis

The data, including number and proportion of every ques-
tion, were collected and calculated with the SPSS version
22.0 software for Windows (IBM Corporation, Somers, New
York).

Results

Participants

Three participants did not respond, and four participants
sent back incomplete questionnaires and did not revise
them even after our telephone calls. A total of 257 clinicians
from 184 hospitals participated and responded correctly to
the survey, with a response rate of 97.3%. The participat-
ing clinicians included 196 interventional radiologists, 37
oncologists, 16 gastroenterologists, and 8 surgeons. More
than half of the included clinicians (n=156, 61%) were chief
physicians/professors, and the remaining 101 (39%) were
associate chief physicians/associate professors. All of the
participating physicians routinely discuss HCC treatment in
the local tumor board of their hospitals. The locations of the
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participating clinicians’ hospitals covered all 31 provinces in
China. A total of 34 questions were included in the survey
(supplementary Table 1).

Overall understanding of TACE in real-world clinical
practice

In this part, the survey included the eight single-choice
questions (Figs. 1 and 2). Most clinicians (n=229, 89.1%)
agreed that TACE acts as a palliative treatment but can
achieve curative effects under certain conditions. Despite
various treatment outcomes of TACE, clinicians still choose
TACE as the first choice for intermediate stage HCC treat-
ment. TACE combined with other approaches might achieve
better treatment outcomes (n=251, 97.7%). The guidelines
of the China Liver Cancer (CNLC) were followed by most
participants (n=147, 57.2%) for TACE application in clinical
practice, and none of the current scoring systems are ef-
fective in guiding TACE treatment.> Therefore, participants
agreed that there is a need to subgroup the intermediate
stage HCC in the current guidelines, since none of the exist-
ing subclassification systems are widely accepted.

Factors influencing treatment response of TACE

In this part, the survey included six single- or multiple-
choice questions (Fig. 3). Most clinicians agreed that multi-
ple factors, including the tumor burden, tumor morphology,
and liver function, are associated with treatment response
to TACE. More than half of the participants (n=139, 54.1%)
reported that it is difficult to achieve a satisfactory response
after TACE for tumor lesion(s) larger than 7 cm in diameters.
Similarly, more than half of the participants (n=141, 54.9%)
reported that a good tumor response after TACE is hard to
achieve for patients with more than three tumor lesions.
Most participants (n=224, 87.2%) agreed that the modified
Response Evaluation Criteria in Solid Tumors (mRECIST) is
the best criteria to assess tumor response after TACE, and
at least two or three sessions of TACE should be performed
before assessing comprehensive treatment outcome.

Understanding and expectations of TACE failure/re-
fractoriness and subsequent treatment pattern

In this part, the survey included 17 single- or multiple-
choice questions (Supplementary Figs. 1-6). Most partici-
pants (n=221, 86.0%) agreed that repeated TACE should
be performed even if incomplete tumor necrosis was not
achieved after the previous super-selective TACE. Of the
221 participants, most (n=166, 75.1%) believed that re-
peated TACE should be performed only if new tumor arter-
ies appear and super-selective TACE could be provided. A
proportion of participants (n=106, 41.2%) disagreed that
the “occurrence of two consecutive insufficient responses
of the target tumor” should be defined as TACE failure/
refractoriness. For these participants, TACE-based com-
bination therapy ranked first (n=84, 79.2%) as the ideal
subsequent therapy. Moreover, nearly one third of partici-
pants (n=75, 29.2%) chose three consecutive treatments
of insufficient TACE sessions as the most ideal number to
define TACE failure/refractoriness. Nearly half of the par-
ticipants (n=121, 47.1%) disagreed that “new intrahepatic
lesion(s)” should be considered as TACE failure/refractori-
ness, while only 16.3% of the participants chose the op-
posite answer. The majority of the above-mentioned par-
ticipants (n=93, 76.9%) who answered “No” to the “new
intrahepatic lesion(s)” question considered combination
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Fig. 1. Answers to questions 1—4 about the overall understanding of transarterial chemoembolization (TACE) in the real-world clinical practice. (A) Q1,
most participants (n=229, 89.1%) agreed that TACE acts as a palliative method, but can achieve curative outcomes under some conditions. (B) Q2, most participants
(n=244, 94.9%) agreed that treatment outcomes of TACE have a high variation. (C) Q3, more than half of the participants (n=147, 57.2%) followed the CNLC staging
system for TACE application. (D) Q4, most participants (n=226, 87.9%) agreed that none of the scoring systems are suitable to assess and predict treatment benefits
for initial or repeated TACE. HKLC, Hong Kong Liver Cancer; CNLC, China National Liver Cancer; BCLC, Barcelona Clinic Liver Cancer.

therapy, including TACE, as the ideal subsequent therapy.
Of the participants who answered “Yes”, half of them (n=21,
50.0%) considered “3 consecutive times of new intrahepatic
lesion(s) should be defined as TACE failure/refractoriness.”

Most participants agreed that repeated TACE should be
performed to control intrahepatic lesion(s) for patients with
preserved liver function, who developed portal vein tumor
thrombosis (PVTT) (n=242, 94.2%) or extrahepatic spread
(n=253, 98.4%) following TACE. Multiple treatments are
also recommended as a combination approach with TACE
to control PVTT or extrahepatic spread. More than half of
the participants (n=165, 64.2%) agreed that continuous
elevation of tumor markers, such as alpha fetoprotein and
Protein Induced by Vitamin K Absence or Antagonist-11 im-
mediately after TACE, should be considered as TACE failure/
refractoriness.

Most participants (n=191, 74.3%) agreed that the con-
cept of TACE failure/refractoriness has scientific and clinical
significance. However, current existing definitions are not
suitable for clinical practice in the real-world and need to be
re-defined, especially for the treatment of HCC patients in
China (n=235, 91.4%). For participants who accepted the
concept of TACE failure/refractoriness, “combination treat-
ment including TACE” ranked first (n=88, 46.1%) as the
ideal subsequent treatment after TACE failure/refractori-
ness.

Perspectives on TACE

In this part, the survey included the three single- or multi-
ple-choice questions (Figs. 4 and 5). More than half of the
participants (n=166, 64.6%) did not think that the number

of TACE sessions would decrease in clinical practice in the
future. Most of the participants (n=252, 98.1%) believed
that the TACE technique would be improved in the future
with more advanced embolic agents, chemotherapeutic
drugs, embolization technique, and micro-catheters.

Discussion

In clinical practice, it is critical to establish a balance be-
tween the potential treatment benefits and liver function
impairment of repeated TACE. To do so, the concept of
“TACE failure/refractoriness” should be considered carefully,
especially since the real-world clinical applicability of the
existing definitions and subsequent recommended thera-
pies is under debate in China. Therefore, the CCIl survey
was conducted to identify how clinicians specialized in HCC
treatment in China apply TACE, and their opinions about the
concept of “TACE failure/refractoriness”. Results reveal that
the majority of the participating clinicians accept the con-
cept of TACE failure/refractoriness, which has scientific and
clinical significance. Moreover, the participants believe that
the current existing definitions are not suitable and need to
be re-defined, especially for HCC treatment in real-world
clinical practice in China.

Because of the high heterogeneity of HCC, the prognosis
of patients treated with TACE varies from a median survival
of 19.4 months to around 49.1 months.16:17 Therefore, sev-
eral subclassifications and predictive scoring systems have
been established to subclassify ideal candidates receiving
initial or repeated TACE.7-818-21 Among them, the criteria
proposed by Bolondi and Kinki is based on the tumor burden
(up-to-seven criteria) and liver function to stratify patients
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Fig. 2. Answers to questions 5—8 about the overall understanding of transarterial chemoembolization (TACE) in the real-world clinical practice. (A)
Q5, 252 participants (98.11%) agreed that TACE is still the first choice for intermediate stage hepatocellular carcinoma (HCC). (B) Q6, 251 participants (97.7%) agreed
that TACE combined with other approaches could achieve a better treatment outcome. (C) Q7, 225 participants (87.5%) agreed that there is a need to subgroup in-
termediate stage HCC in the current guidelines. (D) Q8, 149 participants (58.0%) agreed that none of the current subgroups are suitable for intermediate stage HCC.
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Fig. 3. Answers to questions 9—14 about factors influencing treatment response of transarterial chemoembolization (TACE). (A) Q9, multiple variables af-
fect the treatment outcome of TACE. (B) Q10, the majority of participants (n=139, 54.1%) agreed that it is difficult to achieve a satisfied tumor response after TACE for
lesion(s) with diameters larger than 7.00 cm. (C) Q11, most participants (n=141, 54.9%) agreed that it is difficult to achieve a satisfied tumor response after TACE for 4—7
target lesion(s) (D) Q12, multiple variables predict an unsatisfied treatment outcome of TACE. (E) Q13, most participants (n=224, 87.2%) agreed that mRECIST is the
most suitable tool to assess tumor response after TACE. (F) Q14, 114 participants (44.4%) agreed that at least two sessions of TACE should be performed before assess-
ing the comprehensive treatment outcome. RECICL, Response Evaluation Criteria in Cancer of the Liver; mRECIST, Modified Response Evaluation Criteria in Solid Tumors.
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Fig. 4. Answers to questions 32 about predictions for future transarterial chemoembolization the number of (TACE). More than half of the participants
(n=166, 64.6%) agreed that the number of TACE sessions would not decrease in clinical practice in the future.

who would benefit from initial TACE.”-8 The Assessment for
Retreatment with TACE (ART) score is based on pre-pro-
cedural liver function, including the Child-Pugh score and
serum aspartate aminotransperase, and tumor response
evaluation after initial TACE to determine whether repeated
TACE would still be beneficial.2° Nevertheless, none of these
subclassifications or scoring systems have been widely ac-
cepted or applied in clinical practice, which is further con-
firmed by the results of this survey . The existing defini-
tions consider the concept of TACE failure/refractoriness as
consecutive insufficient responses of the target tumor and
new intrahepatic lesion(s); thus, it is used to better assess
the benefit of repeated TACE. While the JSH-LCSGJ 2014
criteria define two consecutive insufficient responses or
two consecutive new intrahepatic lesion(s) as TACE failure/

refractoriness, the present survey revealed different opin-
ions. A larger proportion of participants (n=106, 41.2%)
did not think that “two consecutive insufficient responses of
the target tumor occurs” should be defined as TACE failure/
refractoriness, while a smaller proportion (n=85, 33.1%)
agreed with such definition. In addition, a larger proportion
of participants (n=75, 29.2%) believed that three consecu-
tive insufficient responses should be considered as TACE
failure/refractoriness, while a smaller proportion (n=74,
28.8%) agreed with two consecutive insufficient respons-
es. Similar responses were also observed for the definition
regarding new intrahepatic lesions that occur after TACE.
The majority of participants disagreed that new intrahepatic
lesion(s) after TACE should be considered as TACE failure/
refractoriness compared to one-third of that majority who

Yes
252(98.1%)

Embolization agents
Chemotherapic drugs
Embolization technique

More advanced micro-catheter

Others I 11(4.4%)

240(95.2%)

184(73.0%)

167(66.3%)

163(64.7%)

Fig. 5. Answers to questions 33—34 about perspectives on transarterial chemoembolization (TACE). (A) Q33, almost all participants (n=252, 98.1%) agreed
that the TACE technique would be improved in the future. (B) Q34, participants agreed that multiple aspects of the TACE technique would be improved.
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agreed with such definition. Instead of sorafenib that is rec-
ommended by the existing TACE failure/refractoriness defi-
nitions, TACE-based combination therapy ranked first as the
ideal subsequent therapy after two consecutive insufficient
responses of the target tumor or new intrahepatic lesion(s).

All existing definitions regard the presence of PVTT or ex-
trahepatic spread after TACE as TACE failure/refractoriness,
and recommend witching to sorafenib. In contrast, the cur-
rent survey showed that most participants believe continu-
ing TACE is necessary to control intrahepatic lesion(s) for
HCC patients with preserved liver function who presented
PVTT or extrahepatic spread after the previous TACE. Cer-
tainly, combination therapies, including molecular targeted
therapy, immune checkpoint inhibitors, 1125 seeds implan-
tation, and ablation, with TACE are recommended by the
participants to control PVTT/extrahepatic spread. Consider-
ing the fatality of more than two-thirds of patients with ad-
vanced HCC due to intrahepatic tumor progression or liver
failure instead of metastatic disease progression, TACE tar-
geting the intrahepatic lesion(s) would be a reasonable and
beneficial treatment for advanced HCC. Many previous stud-
ies have demonstrated the treatment efficacy and safety of
TACE monotherapy or TACE combined with sorafenib in ad-
vanced HCC patients with PVTT or extrahepatic spread.22-26

Apart from the topic on TACE failure/refractoriness, the
survey was also conducted to determine the understanding
of TACE in real-world clinical practice, factors influencing
treatment response, and perspectives on TACE. Most of the
participants agreed that tumor burden, tumor morphology,
and liver function are the major factors associated with tu-
mor response. They also agreed that a subclassification of
the intermediate stage is needed. This might be the reason
that the existing subclassification systems or prognostic
score systems for HCC are not widely accepted in clinical
practice, especially in China.

Limitations

The study has several limitations, although it reveals the
present recognition of TACE failure/refractoriness and could
promote a more standardized application of TACE in clinical
practice in China. First, more than half of the participants
are interventional radiologists. More participants from the
department of oncology, gastroenterology, surgery, et al.
should be included to avoid selection bias. Second, the study
did not introduce a new definition of TACE failure/refracto-
riness. Further meetings and study should be carried out
to introduce the modified criteria of TACE failure/refractori-
ness. Third, the survey was carried out in the mainland of
China and did not include participants from other countries,
which might limit the readership interest around the world.

Conclusions

In conclusion, the survey conducted by CCIl demonstrates
an obvious difference in the recognition of TACE failure/
refractoriness in HCC treatment between Chinese experts
when compared to the existing definitions. Re-defining the
criteria for TACE failure/refractoriness and introducing the
subclassification for intermediate stage HCC are warranted
to better select HCC patients who will benefit most from
TACE and to optimize treatment strategies for HCC.
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Abstract

Background and Aims: AT-rich interactive domain-con-
taining protein 1A (ARID1A) is frequently mutated or defi-
cient in hepatocellular carcinoma (HCC). However, the role
of ARID1A in HCC remains unclear. Therefore, the biological
role of ARID1A in HCC was evaluated and a potential mech-
anism was investigated. Methods: Aridla was knocked
out in the livers of mice using the CRISPR/Cas9 system
delivered by hydrodynamic tail vein injection. The devel-
opment of HCC was observed in different mouse models.
The correlation of ARID1A and prognosis in patients with
HCC was analyzed using cBioPortal. The effect of ARID1A
on cell proliferation was assessed by MTT assay following
the manipulation of candidate genes. Results: ARID1A de-
ficiency alone did not cause HCC in mice, but knockout of
ARID1A accelerated liver tumorigenesis in response to di-
ethylnitrosamine (DEN) or when a combination knockout of
phosphatase and tensin homolog (Pten) plus tumor protein
P53 (p53) was introduced. ARID1A mutations were associ-
ated with a poorer prognosis in HCC patients. The mRNA
level of MYC was significantly higher in patients with an
ARID1A mutation compared to those without a mutation.
Ectopic expression of ARID1A inhibited HCC cell prolifera-
tion. ARID1A knockout increased HCC cell growth and re-
sulted in disruptions to DNA damage repair and apoptosis
following radiation stress. Furthermore, mechanistic studies
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revealed that ARID1A inhibited the proliferation of HCC cells
via transcriptional down-regulation of MYC. Conclusions:
These results describe ARID1A as a tumor suppressor in the
liver. A deficiency in ARID1A predicts worse survival in HCC
patients and promotes HCC progression via up-regulation of
MYC transcription.

Citation of this article: Xiao Y, Liu G, Ouyang X, Zai D, Zhou
J, Li X, et al. Loss of ARID1A promotes hepatocellular car-
cinoma progression via up-regulation of MYC transcription.
J Clin Transl Hepatol 2021;9(4):528-536. doi: 10.14218/
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon types of malignant digestive system tumors and is
associated with a high mortality rate.! Occurrence and de-
velopment of HCC involves the alteration of many genes
and signaling pathways, but its pathogenic mechanism
has not been fully elucidated.?2 To gain a comprehensive
understanding of the genetic alterations that occur during
HCC initiation, many researchers have analyzed the HCC
genome using whole-genome sequencing strategies.34 To
date, several genes, including telomerase reverse tran-
scriptase (TERT), tumor protein P53 (p53), AT-rich interac-
tive domain 1A (ARID1A), cyclin dependent kinase inhibitor
2A (CDKN2A), catenin beta 1 (CTNNB1), axin 1 (AXIN1),
and cyclin D1 (CCND1), among others, have been shown to
be related to HCC.5

ARID1A, its encoding gene located on chromosome
1p36.11, represents a subunit of the switch/sucrose non-
fermentable (SWI/SNF) chromatin remodeling complex.®
Chromatin remodeling complexes modify chromatin struc-
tures and regulate the transcription of genes to control vari-
ous cellular processes.” Inactivating mutations in ARID1A
have been identified in a wide variety of cancers, suggest-
ing that it functions as a tumor suppressor.8 However, its
anticancer mechanisms of action in HCC are not fully un-
derstood.

MYC is a transcription factor encoded by the c-MYC gene
that regulates an estimated 15% of genes in the human
genome.® MYC is an oncoprotein that contributes to the ma-
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lignancy of many aggressive cancers.10© The c-MYC locus is
the most frequently amplified locus across all human can-
cers, leading to MYC overexpression.'1 MYC is frequently
overexpressed in patients with HCC12-14 and experimental
overexpression of MYC in the livers of mice can lead to the
development of HCC.15

In this study, the role of ARID1A in HCC progression was
investigated. Using in vitro cell models and in vivo mouse
models, ARID1A deficiency was shown to accelerate the
development and progression of liver cancer. Furthermore,
mechanistic studies revealed that ARID1A inhibits prolifera-
tion in HCC cells via the down-regulation of c-MYC transcrip-
tion.

Methods
Cell culture

The Bel7404 cell line was a gift from Professor Cang (Zhe-
jiang University, Hangzhou, China). The Huh7 and HepG2
cell lines were purchased from American Type Culture Col-
lection (ATCC, Manassas, VA, USA). Huh7 and Bel7404 cells
were grown in Roswell Park Memorial Institute (RPMI) 1640
media (Invitrogen, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin
and 1% glutamine in an incubator maintained at 37°C with
5% CO,. HepG2 cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) (Corning Life Science, Corning, NY,
USA).

Plasmid and lentivirus

The clustered regularly interspaced short palindrome re-
peats/CRISPR-associated protein 9 (CRISPR/Cas9) system
(PSpCas9(BB)-2A-Puro; PX459) was purchased from Ad-
dgene (Watertown, MA, USA). Knockout cells were gen-
erated by transfecting the cells with CRISPR/Cas9 using
Lipofectamine™ 2000 (Invitrogen), according to a previous
report.16 Individual cells were selected to generate mono-
clonal cell lines (Bel7404 ARID1A KO-1 and KO-2). Len-
tiCRISPR v2-sgARID1A (Addgene) and pLenti-puro-ARI-
D1A (Addgene) lentiviral vectors were used to knockout
and overexpress ARID1A, respectively. To generate stable
transfectants, the lentiviral vector, the psPAX2 packaging
plasmid (10 pg), and the pMD2.G envelope plasmid (10
ug) were transfected into 293T cells using the standard
calcium phosphate transfection method. Lentivirus soups
were collected and concentrated by density gradient after
48 h for immediate use, or were frozen at —80°C for later
use.

In vivo experiment and hydrodynamic tail vein injec-
tion

The animal experiment closely adhered to the Zhejiang Uni-
versity guide for the care and use of laboratory animals.
For DEN treatment, 14 day-old male C57BL/6 mice were
administered with a single intraperitoneal injection of DEN
(25 pg/g body weight). A pX459 vector co-expressing an
sgRNA targeting Aridla, Pten or p53 was cloned. Vectors
for hydrodynamic tail vein injections were prepared us-
ing the EndoFreeMaxi Kit (Qiagen, Hilden, Germany). For
hydrodynamic liver injection, plasmid DNA suspended in
2 mL saline was injected into 8 week-old male C57BL/6
mice via the tail vein within 6—7 sec. The amount of in-
jected DNA was 60 ug for sgAridla, and 60 pg each for

sgAridla+sgPten+sgp53. An equal amount of pX459 was
used as a control for each experiment.

Western blot

Cells were lysed in NETN lysis buffer and 30 pg total pro-
tein was run on a gel using sodium dodecyl sulfate pol-
yacrylamide gel electrophoresis. After electrophoresis,
proteins were transferred onto a polyvinylidene fluoride
membrane (Millipore, Burlington, MA, USA). After blocking
for 1 h, membranes were rinsed with Tris-buffered saline
with Tween-20 (TBST) three times and incubated in the
corresponding primary antibody at 4°C overnight (antibod-
ies listed in Supplementary Table 2). The membranes were
then rinsed three times with TBST and incubated with sec-
ondary antibodies. Finally, membranes were incubated with
an enhanced chemiluminescence system (ThermoFisher
Scientific, Waltham, MA, USA). The bands were detected by
ChemiDoc XRS Image System (Bio-Rad Laboratories, Her-
cules, CA, USA).

Immunohistochemistry

Tissues were fixed in 4% paraformaldehyde (PFA) and em-
bedded in paraffin. Paraffin sections (4 pum) were dewaxed
by xylene and rehydrated in decreasing concentrations of
ethanol. Epitope retrieval was performed in 10 mM citrate
buffer (pH 6.0) at 95°C for 20 m in a microwave oven. En-
dogenous peroxidase activity was blocked for 10 min by
0.3% H,0, in phosphate-buffered saline (PBS). Tissue sec-
tions were incubated with antibodies overnight (shown in
Supplementary Table 2). Next, the sections were incubated
with a diluted biotinylated goat anti-rabbit 1gG antibody
(Vector Laboratories, Burlingame, CA, USA) for 30 m at
room temperature. Chromogenic reactions were carried out
according to the protocols provided in the ImmPACT™ DAB
kit (Vector Laboratories).

Immunofluorescence (IF)

Cells were plated and grown on glass slides, washed with
PBS, and fixed with 4% PFA for 15 m. Cells were then
washed again with PBS and treated with 0.2% Triton X-100
(ThermoFisher Scientific) in PBS for 10 m to permeabi-
lize the cells. After washing with PBS again, the cells were
blocked with 2% bovine serum albumin (ThermoFisher Sci-
entific) in PBS at room temperature for 1 h, then incubated
with primary antibodies (Supplementary Table 2) at 4°C
overnight. Cells were washed once with PBS, then incubated
with secondary IF-specific antibodies at room temperature
for 1 h. The cells were observed under a laser scanning
confocal microscope (LSM710; Zeiss, Oberkochen, Germa-
ny). 4’,6-diamidino-2-phenylindole (DAPI) and F-actin were
used as staining controls.

Quantitative reverse-transcription polymerase chain
reaction (qPCR)

TRIzol reagent (Invitrogen) was used to extract the total
RNA from cells, and 2 pg of total RNA was used for re-
verse transcription. The Bio-Rad CFX96 system was used
to conduct the gPCR and calculate the expression of mRNA.
Data were normalized to glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) and relative expression was as-
sessed using the AACt method. All primers used are shown
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in Supplementary Table 3. Experiments were performed in
triplicate.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetra-
zolium bromide (MTT) cell viability assay

HCC cells were plated in 24-well plates at a density between
2x10% and 5x%1082 cells per well. After treatment, culture
media was removed and 500 pL of MTT (0.5 mg/mL) per
well was added and cells were incubated at 37°C with 5%
CO, for 1 h. The absorbance at 570nm was detected. Cell
viability was calculated using the formula: [optical density
(OD; sample) — OD (blank)] / [OD (control) — OD (blank)].
Experiments were repeated at least three times.

Analysis of The Cancer Genome Atlas (TCGA) data

The subset of data from TCGA Liver Hepatocellular Car-
cinoma (source data from Genome Data Analysis Centre
[GDAC] Firehose) of the cbioportal.org website was ana-
lyzed. Specifically, on the home page of the website, “liver”
was selected, then “Liver Hepatocellular Carcinoma (TCGA,
Firehose Legacy)”. “Explore Selected Studies” was chosen,
“hepatocellular carcinoma” in cancer type was detailed, and
“ARID1A” was entered as the gene. The cBioPortal source
code is freely available under the GNU Lesser GPL open-
source license and is hosted by Google code (http://code.
google.com/p/chio-cancergenomics-portal/).1”

Statistical analysis

Data are presented as meanzstandard deviation (SD) or
standard error of the mean (SEM) from independent experi-
ments. Statistical analyses included the Student’s t-test and
chi-squared test using GraphPad Prism 6 (GraphPad Soft-
ware, Inc., La Jolla, CA, USA). A p-value <0.05 was consid-
ered statistically significant.

Results

ARID1A deficiency accelerates liver tumorigenesis in
mice

To explore the roles of ARID1A in HCC initiation, Aridla was
knocked out in mice using the CRISPR/Cas9 system, as pre-
viously described.1® A pX459 vector co-expressing a single
guide (sg)RNA targeting Aridla (Aridla target sequence
presented in Supplementary Table 1, termed sgAridla) and
Cas9 was cloned. In vitro, sgAridla caused the loss of ARI-
D1A in murine Hep1-6 cells (Fig. S1A). A hydrodynamic tail
vein injection was used to deliver CRISPR to the livers in
mice, which can affect a large proportion of hepatocytes.
As shown in Figure S1B, the hydrodynamic injection of an
enhanced green fluorescent protein (eGFP) plasmid DNA re-
sulted in liver-specific expression of eGFP in mice.

First, a cohort of wild type (WT) C57BL/6 mice were
administered sgAridla to determine if knockout of Aridla
could induce the development of tumors in the liver. Im-
munohistochemical (IHC) staining of liver sections using an
ARID1A-specific antibody revealed that approximately 10%
of hepatocytes were negative for ARID1A, but these cells
were surrounded by ARID1A-positive cells (Fig. S1C). Ten
months later, five sgAridla-treated mice were examined. At
necropsy, zero hepatic neoplasms were noted in any of the
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mice (Fig. 1A).

Considering ARID1A may not directly drive liver tumori-
genesis, liver damage was induced using a single intraperi-
toneal injection of diethylnitrosamine (DEN) at 2 weeks of
age, followed by sgAridla or pX459 as control at 6 weeks of
age. At 6 months, the liver phenotypes were assessed. With
sgAridla treatment, four of the five mice developed hepatic
tumors, whereas no tumors were found in the control group
(p=0.048; Fig. 1B).

Considering liver tumorigenesis may result from the ac-
cumulation of multiple mutations, mice were treated si-
multaneously with sgAridla, sgPten and sgp53 (target
sequences listed in Supplementary Table 1). Liver-specif-
ic knockout of Pten in mice has been shown to induce li-
pid accumulation and the incidence of liver cancer.1920 As
shown in Figure S1D, knockout of Pten was successful, as
some hepatocytes were negative for PTEN and showed
signs of lipid degeneration. At 3 months, the livers were
harvested from sgAridla+sgPten+sgp53 and control
pX459+sgPten+sgp53 mice. There were more nodules in
the livers of sgAridla+sgPten+sgp53 mice compared to the
control group, although this difference did not reach statisti-
cal significance (n=5/group, p=0.067; Fig. 1C).

The above in vivo data suggested that ARID1A defi-
ciency alone cannot cause liver cancer, but ARID1A may
play a tumor suppressive role and its loss can accelerate
liver tumorigenesis when other pro-oncogenic factors are
introduced.

ARID1A mutations are associated with a poorer
prognosis in HCC patients

To dissect the function of ARID1A in HCC patients, a human
survival analysis was conducted using cBioPortal (https://
www.cbioportal.org/)17:21 with data from TCGA Liver Hepa-
tocellular Carcinoma (source data from GDAC Firehose).
Thirty-four mutations of ARID1A were observed in 32 HCC
patients (specific mutations listed in Supplementary Table 4).
The results of the Kaplan-Meier survival analysis suggested
that patients with an ARID1A mutation had a poor prognosis
in terms of overall survival (=365, p=0.008093); however,
there was no significant difference in disease-free survival
(n=315, p=0.0719; Fig. 2A). Interestingly, the human clini-
cal survey showed that patients with an ARID1A mutation
had more adjacent hepatic tissue inflammation compared to
those with WT ARID1A (p=0.002194, q=0.0757; Fig. 2B).

Next, expression profiling analysis was performed based
on the subset data of TCGA Liver Hepatocellular Carcinoma.
Expression profiles of mMRNA were displayed using a volcano
plot (Fig. 2C). A total of 216 differentially expressed genes
are listed in Supplementary Table 5. The mRNA levels of
MYC, a known oncogene, were significantly higher in the
ARID1A mutation group compared to the WT ARID1A group
(p=9.28 e—8, g=1.332 e—4; Fig. 2D).

In summary, these human clinical results revealed that
an ARID1A mutation was associated with poorer prognosis
in HCC patients. MYC was a candidate gene that is regu-
lated by ARID1A, which may exert its tumor suppressive
functions.

ARID1A inhibits HCC cell proliferation and is required
for DNA damage repair and apoptosis

To study the function of ARID1A in vitro, the expression
levels of ARID1A were first detected in a variety of HCC cell
lines. Using western blot analysis, Bel7404 and HepG2 cells
were found to be “ARID1A-positive”. In contrast, Huh7 cells
were “ARID1A-negative” (Fig. 3A). To test whether ARID1A
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Fig. 1. ARID1A deficiency accelerates liver tumorigenesis in mice. (A) Knockout of Aridla alone in C57BL/6 mice using the CRISPR/Cas9 system did not cause
liver cancer (n=5). (B) Knockout of Aridla in C57BL/6 mice previously exposed to DEN can accelerate liver tumorigenesis (n=5/group, p=0.048). Arrows indicate
liver tumors. (C) C57BL/6 mice were injected with sgPten+sgp53+sgAridla or sgPten+sgp53 (control). Nodules formed in the sgPten+sgP53+sgAridla group and the
sgPten+sgP53 group (n=5/group, p=0.067). Arrows indicate liver nodules. ARID1A, AT-rich interactive domain-containing protein 1A; CRISPR/Cas9, clustered regularly

interspaced short palindrome repeats/CRISPR-associated protein 9; DEN, diethylnitrosamine.
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Fig. 2. An ARID1A mutation was associated with a poorer prognosis in HCC patients. (A) Kaplan-Meier survival analysis (data from TCGA, Firehose Legacy)
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Fig. 3. ARID1A inhibits HCC cell proliferation, DNA damage repair and apoptosis. (A) Western blotting revealed protein expression level of ARID1A and actin
in different HCC cell lines. (B) Huh7 cells were stably infected with a lentivirus expressing ARID1A cDNA for overexpression or ARID1A (above left). Bel7404 cells were
transiently transfected with Cas9 and sgARID1A and two randomly chosen monoclonal ARID1A knockout cell lines (KO-1, KO-2; lower left) were used for subsequent
experiments. The MTT assay was performed to determine cell proliferation capacity (above right, below right). Experiments were performed in triplicate. Quantification
data are presented as mean+SD. *p<0.05, ***p<0.001. (C) WT and ARID1A knockout Bel7404 cells were treated with radiation (0, 2, 4, 6 Gy, respectively). The MTT
assay was performed to determine cell viability (above). Experiments were performed in triplicate. Quantification data are presented as mean+SD. *p<0.05. WT and
ARID1A knockout Bel7404 cells were treated with 5 Gy IR. Twenty-four hours after radiation, y-H2AX and actin were detected by western blot (middle left). One hour
after radiation, y-H2AX, DAPI and F-actin were detected by IF (middle right). WT and ARID1A knockout Bel7404 cells were treated with 5 Gy IR. The protein levels of
c-PARP and actin at various time points were detected using western blotting. ARID1A, AT-rich interactive domain-containing protein 1A; c-PARP, cleaved poly (ADP-ri-
bose) polymerase; DAPI, 4’,6-diamidino-2-phenylindole; HCC, hepatocellular carcinoma; KO, knockout; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide; SD, standard deviation; WT, wild type; y-H2AX, gamma histone 2 A variant X.
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Fig. 4. ARID1A inhibits HCC cell proliferation via down-regulation of MYC transcription. (A) In WT and ARID1A knockout Bel7404 cells (left), WT Huh7 cells
and those with over expressed ARID1A (right), the differential mMRNA levels of MYC were detected using qPCR. Experiments were performed in triplicate. Quantification
data are presented as mean+SD. ***p<0.001. (B) In WT and ARID1A knockout Bel7404 cells, the protein levels of MYC were detected by western blot. (C) ARID1A
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is crucial for HCC cell proliferation, ARID1A was further ma-
nipulated and the proliferation of HCC cells was examined
using a MTT assay. The results revealed that overexpres-
sion of ARID1A in Huh7 cells inhibited their proliferation and
knockout of ARID1A in Bel7404 cells (ARID1A KO cells) re-
sulted in enhanced proliferation (Fig. 3B).

Next, the cellular responses to DNA damage were inves-
tigated. An MTT assay revealed better cell viability in ARI-
D1A KO cells after ionizing radiation (IR) treatment, sug-
gesting that the knockout of ARID1A in HCC cells caused
the cells to become more resistant to IR stress (Fig. 3C,
top). Results from western blot and immunofluorescence
(IF) assays revealed that ARID1A KO cells could not accu-
mulate the same level of gamma histone 2 A variant X after
radiation treatment compared to WT Bel7404 cells (Fig. 3C,
middle). Results from the apoptosis assay, where cleaved
poly (ADP-ribose) polymerase (c-PARP) was detected by
western blotting, also revealed that knockout of ARID1A
could dramatically decrease the levels of c-PARP after IR
treatment (Fig. 3C, bottom), suggesting that the tumor
suppressive role of ARID1A could be the result of inducing
apoptosis in damaged cells.

Taken together, the above data suggest that ARID1A in-
hibits HCC cell proliferation and is required for DNA damage
repair and apoptosis.

ARID1A inhibits cell proliferation of HCC cells via
downregulation of MYC transcription

Expression profiles of mRNA indicated that MYC might con-
tribute to the ARID1A-dependent regulation of cell prolif-
eration. To test this hypothesis concerning the molecular
mechanism, transcript levels of MYC were detected using
gPCR. Consistent with the gene expression profiling analy-
sis, knockout of ARID1A increased the level of MYC mRNA in
Bel7404 cells, while overexpression of ARID1A resulted in a
decrease of MYC mRNA in Huh7 cells (Fig. 4A). Using west-
ern blotting, knockout of ARID1A increased the level of MYC
protein in Bel7404 cells (Fig. 4B). In addition, knockdown
of MYC in Bel7404 cells could reverse the proproliferative
effect caused by knockout of ARID1A (Fig. 4C).

Taken together, these data presented in Figure 4 suggest
that MYC can be regulated by ARID1A and this contributes
to the regulation of cell proliferation.

Discussion

HCC is one of the most common types of liver cancer, and
accounts for 90% of all primary liver cancers.?? However,
effective treatments for HCC are lacking due to its het-
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erogeneity.23 HCC patients carry mutations in numerous
genes, including ARID1A. In the TCGA data set, 8.22%
(30/365) of HCC patients carry an ARID1A mutation, and
most of these are inactivating mutations. The clinicopatho-
logic significance of ARID1A expression in HCC has been
investigated previously, and it was revealed that 12.17%
of HCC tumors (14/115) were ARID1A-negative and that
loss of ARID1A was significantly associated with larger tu-
mors.24

In this study, the knockout of Aridla alone could not initi-
ate liver cancer in mice, suggesting that it is not a cancer-
driver gene. However, knockout of Aridla accelerated liver
tumorigenesis when DEN or a combination knockout of Pten
and p53 were introduced, suggesting that liver tumorigen-
esis is a multistep process that requires various other fac-
tors. Similar results have been reported by others, such as
the finding of mice with homozygous or heterozygous dele-
tions in Arid1la not developing ovarian lesions but mice with
an Aridla and Pten double-knockout developing ovarian en-
dometrioid cancer.?®

Further TCGA data analysis showed that ARID1A muta-
tions are associated with a poorer prognosis in HCC patients,
indicating that ARID1A may have prognostic value. Expres-
sion profiles of mMRNA showed that MYC transcription was
significantly higher in patients with an ARID1A mutation.
ARID1A mutations resulted in abnormal chromatin remod-
eling that diverted gene transcription. Previously, others
have also reported that mutant ARID1A is able to promote
cell proliferation by triggering the phosphoinositide 3-ki-
nase/protein kinase B (PISK/AKT) signaling pathway,26-27
which affects the expression of other cell cycle regulators,
such as the MYC gene.?8 Consistent with previous reports,
the contribution of MYC to the antiproliferative effect of
ARID1A in HCC was definitively shown in the present study.

The role of ARID1A in DNA damage repair and apoptosis
was also investigated. ARID1A knockout resulted in disrup-
tions of DNA damage repair and apoptosis following IR ex-
posure. Loss of ARID1A led to disrupted SWI/SNF function,
which caused enhanced mutagenesis due to the defective
DNA repair and aberrant apoptosis evasion.2%:30 Thus, tu-
morigenesis of HCC with an ARID1A mutation is complex
and involves an intricate network of mechanisms, including
cell proliferation, DNA damage repair and apoptosis signal-
ing pathways.

Undoubtedly, the full decoding of the ARID1A tumor sup-
pressive mechanism may have future therapeutic implica-
tions. These data support the role of ARID1A in protection
against HCC progression. Several targeted therapy drugs
should also be considered in future studies, including in-
hibitors of MYC or PI3K/AKT signaling, PARP inhibitors tar-
geting the DNA damage signaling pathway, and synthetic
lethal therapies targeting epigenetic changes in ARID1A
mutation-based cancers. Interestingly, it was also shown
that patients with an ARID1A mutation had more severe
adjacent hepatic tissue inflammation, suggesting that ARI-
D1A is involved in tumor immunity and may be targeted by
immunotherapy.

In summary, the current findings further elucidate the
tumor-suppressive mechanism of ARID1A in HCC. A loss-
of-function ARID1A mutation promotes cell proliferation and
disrupts DNA damage repair and apoptosis pathways. Loss
of ARID1A may promote HCC progression via the transcrip-
tional up-regulation of MYC.
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Abstract

Background and Aims: Liver imaging reporting and data
system (LI-RADS) provides standardized lexicon and cat-
egorization for diagnosing hepatocellular carcinoma (HCC).
However, there is limited knowledge about the effect of
LI-RADS training. We prospectively explored whether the
systematic training of LI-RADS v2018 on magnetic reso-
nance imaging (MRI) can effectively improve the diagnostic
performances of different radiologists for HCC. Methods: A
total of 20 visiting radiologists and the multiparametric MRI
of 70 hepatic observations in 61 patients with high risk of
HCC were included in this study. The LI-RADS v2018 train-
ing procedure included three times of thematic lectures
(each lasting for 2.5 h) given by a professor specialized in
imaging diagnosis of liver, with an interval of a month. After
each seminar, the radiologists had a month to adopt the al-
gorithm into their daily work. The diagnostic performances
and interobserver agreements of these radiologists adopt-
ing the algorithm for HCC diagnosis before and after training
were compared. Results: A total of 20 radiologists (male/
female, 12/8; with an average age of 36.75+4.99 years)
were enrolled. After training, the interobserver agreements
for the LI-RADS category for all radiologists (p=0.005) were
increased. The sensitivity, specificity, positive predictive val-
ue, negative predictive value, and coincidence rate of all
radiologists for HCC diagnosis before and after training were
43% vs. 54%, 86% vs. 88%, 74% vs. 81%, 62% vs. 67%,
and 65% vs. 71%, respectively. The diagnostic performanc-
es of all radiologists (p<0.001) showed improvement after
training. Conclusions: The systematic training of LI-RADS
can effectively improve the diagnostic performances of ra-
diologists with different experiences for HCC.
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Introduction

Primary liver cancer is currently the seventh most frequently
occurring cancer and the second most common cause of can-
cer mortality in the world.%? Hepatocellular carcinoma (HCC)
accounts for >80% of primary liver cancers worldwide.3 Early
diagnosis of HCC can significantly improve survival, with liver
imaging playing a critical role in detecting and diagnosing HCC
early, especially the contrast-enhanced magnetic resonance
imaging (MRI).# There are several clinical practice guidelines
for HCC, such as guidelines endorsed by the American As-
sociation for the Study of Liver Diseases (AASLD), European
Association for the Study of the Liver (EASL), and National
Comprehensive Cancer Network (NCCN).4-6

The Liver Imaging Reporting and Data System (LI-RADS)
is a comprehensive system endorsed by the American Col-
lege of Radiology (ACR) for standardizing the terminology,
interpretation and reporting of liver imaging in patients at
risk for or with HCC.” In the LI-RADS v2018 computed to-
mography (CT)/MRI manual, the entire spectrum of hepatic
lesions and pseudolesions that may occur in patients at high-
risk of HCC, each LI-RADS category, and the major and ancil-
lary features visible on CT and MRI are addressed in detail,
with basic concepts, systematic descriptions, and numerous
schematic diagrams and examples.® Therefore, LI-RADS can
be used for radiologist education and training in addition to
clinical care, as it is designed to increase the knowledge of
radiologists, improve radiologists’ diagnostic skills and reduce
imaging interpretation variability and errors.8 Consequently,
the dissemination and application of LI-RADS are very impor-
tant for the diagnosis of HCC. However, there are few studies
concerning the value of systematic LI-RADS training for HCC
diagnosis, with very limited knowledge about the necessity
and effect of LI-RADS training.

Therefore, the goal of this study was to explore whether
the systematic LI-RADS MRI v2018 training can effectively
improve the diagnostic performance of radiologists with dif-
ferent experiences for HCC in high-risk patients. In addition,
we assessed the interobserver agreements of the LR cate-
gory for all participants before and after systematic LI-RADS
training.
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Liver MRI between August
2016 and July 2017 (n=2666)

Excluded (n=2310)
® No “LI-RADS” or “LR”in reports

or “LR” (n=356)

[Livcr MRI with

“LI-RADS”J

Excluded (n=116)

* With systematic or localized
treatments (n=68)

® MRI with suboptimal image quality
for interpretation (n=11)

® More than 3 observations (n=37)

[Liver MRI (n=240) }

Two experts reviewed together according to LI-RADS v2018,
a third expert decided final LR category in cases of
disagreement, and randomly chose 70 hepatic observations in
61 patients (10 observations for each LR-1/2/3/4/5/M/TIV

category)

Fig. 1. Flowchart of the patients enrolled in this study.

Methods

Ethics statement

This prospective single-center study was approved by the
Institutional Review Board of our hospital (2020-P2-220-
01), and informed consent was obtained from all enrolled
radiologists. The requirement for informed consent from
patients was waived, as they were retrospectively reviewed
and enrolled. This study was performed within 6 months at
the hospital of the lead author, from August 2019 to Janu-
ary 2020.

Patient selection

Consecutive liver MRI reports from August 2016 to July
2017 were reviewed and filtered using the terms “LI-RADS”
or “LR” in our picture archiving and communication system
(PACS) (DJ Health Union Systems Corporation, Shanghai,
China). The inclusion criteria were as follows: 1) patients
with a high risk of HCC, including those with cirrhosis or
chronic hepatitis B viral infection; and 2) patients with at
least one hepatic observation in the LR category. The exclu-
sion criteria were as follows: 1) patients without the above
risk factors, those <18 years-old, and those with cirrho-
sis due to congenital hepatic fibrosis or vascular disorder;
2) patients who had accepted any locoregional or systemic
treatment concerning hepatic observations; 3) patients with
more than three hepatic observations; and 4) MR exami-
nations that did not satisfy the technical recommendation
of LI-RADS v2018 or those with poor image quality as as-
sessed by three experienced radiologists (with 11 [AHR],

15 [HX] and 32 [ZHY] years of experience in abdominal im-
aging).® As these consecutive cases were reported accord-
ing to LI-RADS v2014 or v2017, all hepatic observations
were firstly recategorized by two experienced radiologists
working together (with 11 [AHR] and 15 [HX] years of ex-
perience in abdominal imaging) and according to LI-RADS
v2018. In cases of disagreement on LI-RADS category, a
third radiologist with 32 years of experience (ZHY) decided
the final LI-RADS category. Finally, 70 hepatic MRI observa-
tions from 61 patients with a high risk of HCC were enrolled
in this study, with 10 observations per LR category (LR-
1/2/3/4/5/LR-M/LR-TIV) (Fig. 1). All these three radiolo-
gists were specialists of the LI-RADS CT/MRI algorithm, had
adopted the LI-RADS algorithm in routine work for more
than 5 years and were very familiar with the update and
revisions of v2018.

Subjects

A total of 30 Residents or Fellows with different levels of
experience in abdominal MRI diagnosis coming from other
hospitals/institutions in China to our department as visiting
scholars for at least 6 months were included in this study.
All participants were asked to complete a questionnaire to
collect baseline demographic information at the beginning
of this study. The contents of the questionnaire included the
classification and category of their hospitals/institutions,
experience in abdominal MRI (years), number of abdomi-
nal MRI reports reviewed per day, and extent of knowledge
about LI-RADS before training. A total of 10 participants
who failed to complete the entire training procedure were
excluded. Finally, 20 participants with different experiences
were enrolled in this study (Fig. 2).
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Visiting scholars at radiology
department (n=30)

Exclude (n=10)
® failed to complete the entire
training procedure (n=10)

20 radiologists with
different experiences

MRI of 70 hepatic
observations in 61

patients with high
risk of HCC

15T 15T thematic 2" thematic 3% thematic and
interpretation lectures lectures lectures =" interpretation
(before (2.5 hours) + (2.5 hours) + (2.5 hours) + (after training)
training) discussions discussions discussions

Formal/informal discussions in routine work
for one month

The systematic training procedure of
LI-RADS MRI v2018

Fig. 2. Flowchart of the systematic LI-RADS training procedure. LI-RADS, liver imaging reporting and data system.

MRI protocol

All patients underwent MR examinations with 1.5-T (Sig-
na HDxt 1.5T; GE Healthcare, Chicago, IL, USA) or 3.0-T
(Discovery 750w from GE Healthcare; MAGNETOM Prisma
from Siemens AG, Munich, Germany; Ingenia from Philips
Healthcare, Amsterdam, The Netherlands) MRI scanners
with an 8/16-element phased array coil. The liver MRI tech-
nique is summarized in Supplemental Table 1 (online). All
patients underwent MRI using gadobenate dimeglumine
(Magnevist; Bayer Schering Pharma AG, Berlin, Germany),
which was intravenously injected at a dose of 0.1 mmol/kg
and a rate of 2 mL/s followed by a normal saline flush. After
the administration of contrast agent, dynamic T1-weighted
imaging (T1WI) was obtained in the late arterial phase (30—
40 s after injection), portal venous phase (60-70 s after
injection), equilibrium phase (3—4 m after injection), and
delayed phase (5—8 m after injection).

Systematic LI-RADS MRI v2018 training procedure

The CT/MRI LI-RADS algorithm has been adopted daily at
the Radiology Department of our institution since October
2015, from v2014 to v2018. The LI-RADS CT/MRI v2018
training procedure included three thematic lectures given
by a professor (ZHY, PhD, MD) with 32 years of experience,
who specialized in imaging diagnosis of liver neoplasms and
was well versed in the application of the LI-RADS CT/MRI al-
gorithm. The major topics of the lectures included an intro-
duction of the LI-RADS categories and explanations of the
major and ancillary features, and the typical manifestations
of each category and feature, with plenty of cases (Sup-
plementary File 1). Of note, the three lectures were almost
the same, except a few subtle changes according to reader
feedback. Electronic instructional materials, including slide-
shows, journal articles, and recorded lectures, were shared

with the participants to facilitate the training process. Each
seminar lasted for 2.5 h, with an interval of a month. After
the former two seminars, the participants had a month to
learn, practice, and adopt the LI-RADS MRI v2018 algorithm
in daily work. During these 2 months, they reported the
MR of routine patients, including LI-RADS practice in proper
patients, and this was also a part of the training. Moreo-
ver, formal discussions concerning LI-RADS in specific cases
proceeded twice per week, and each discussion lasted for
>30 m during the 2 months. In addition, informal discus-
sions were carried out whenever necessary during the train-
ing procedure. The flow chart of the systematic LI-RADS
training procedure is displayed in Figure 2.

Imaging interpretations

All MRI data were transferred to the workstations, and im-
aging analyses were anonymously performed on PACS. All
MR images were interpreted separately by 20 participants
twice according to the LI-RADS v2018 algorithm, once be-
fore the training and once after the 3 systematic LI-RADS
training.® The participants were informed about the localiza-
tion and size of hepatic observations, which was preliminar-
ily provided by one of our radiologists with 11 years of ex-
perience (AHR). All image interpretations, both before and
after training, were recorded as structured LI-RADS tem-
plate reports (Supplemental Table 2, online), which were
designed before training. All participants were blinded to
any clinical information, the number of each LR category,
the imaging reports, and the pathological results. The order
of MRI exams to be reviewed was randomized for each par-
ticipant. However, for the assessment of threshold growth,
a prior examination (CT or MRI) was used when available.
All hepatic observations were interpreted based on major
and ancillary features in combination according to LI-RADS
v2018.8 The ancillary feature of ultrasound visibility as a
discrete nodule was not used, while the tiebreaking rules
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Table 1. Characteristics of hepatic observations and risk factors of HCC
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Characteristic

Total of 61 patients and 70 observations

Age in years 37-84, average 59.5+10.1

Sex Male
Female
Risk factors HBV
HCV
HBV+HCV

Alcoholic liver cirrhosis

HBV+alcoholic liver cirrhosis

NAFLD/NASH

PBC

Cryptogenic cirrhosis
Observation characteristic HCC

iCCA

HChC

Epithelioid hemangioendothelioma

Benign lesions

47 (77.1%)
14 (22.9%)
45 (73.8%)
3 (4.9%)
2 (3.4%)
3 (4.9%)
3 (4.9%)
1 (1.6%)
1 (1.6%)
3 (4.9%)
36 (51.4%)
5 (7.2%)
1 (1.4%)
1 (1.4%)
27 (38.6%)

HBYV, hepatitis B virus; HChC, combined hepatocellular-cholangiocarcinoma; HCV, hepatitis C virus; iCCA, intrahepatic cholangiocarcinoma; NAFLD, nonalcoholic fatty
liver disease; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cirrhosis; HCC, hepatocellular carcinoma.

were used at the participants’ discretion if needed.

Reference standard

The high risk for HCC and final clinical diagnoses of 61 patients
with 70 liver observations are displayed in Table 1. Of these,
52 patients underwent a single observation, while the other
nine patients underwent two observations. For observations
with histopathological diagnoses, pathological diagnoses were

used as the gold standard. For those who were diagnosed with
HCC without histopathology, follow-up imaging demonstrated
substantial growth associated with arterial phase hyperen-
hancement and washout or enhancement of the capsule.® The
reference standards for LR-1/2/3 observations were based on
typical imaging findings or the absence of progression to a
malignant category (LR-4, LR-5, LR-M or LR-TIV) during the
follow-up period.19%11 These patients were followed-up for at
least 2 years. The LR category and diagnostic methods of all
hepatic observations are displayed in Table 2.

Table 2. LR category and diagnostic method of enrolled hepatic observations

LR category Diagnostic method Diagnosis Number Total

LR-1 Imaging-+clinical Cyst/perfusion alteration/hemangioma 8/1/1 10
Pathology - -

LR-2 Imaging+clinical RN/DN/cyst/hemangioma 5/2/1/2 10
Pathology — -

LR-3 Imaging+clinical RN/DN/HCC/coagulative necrosis/chronic fibrosis 1/3/2/1/1 10
Pathology DN/HCC 1/1

LR-4 Imaging-+clinical HCC 10
Pathology HCC &

LR-5 Imaging+clinical HCC 10
Pathology HCC

LR-M Imaging+clinical HCC/iCCA 1/1 10
Pathology HCC/iCCA/HChC 3/3/2

LR-TIV Imaging+clinical HCC 5 10
Pathology HCC/iCCA/epithelioid hemangioendothelioma 1/3/1

TIV, tumor in vein; HChC, combined hepatocellular-cholangiocarcinoma; RN, regenerative nodule; DN, dysplastic nodule; iCCA, intrahepatic cholangiocarcinoma; HCC,

hepatocellular carcinoma.
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Table 3. Basic characteristics in related experience of enrolled 20 participants

Characteristics Total
Sex
Male 12 (60%)
Female 8 (40%)
Age in years 36.75 + 4.99
<35 10 (50%)
35-50 10 (50%)
Post-graduate year
<5 7 (35%)
5-10 7 (35%)
>10 6 (30%)
Classification of hospitals/institutions
3A 13 (65%)
3B 3 (15%)
2A 4 (20%)
Experience of abdominal MRI in years
<5 9 (45%)
5-10 9 (45%)
>10 2 (10%)
Number of abdominal MRI reports per day
<5 12 (60%)
5-10 6 (30%)
>10 2 (10%)
Extent of knowledge about LI-RADS before training
Very familiar, adopt in MRI reports 0 (0%)
General understanding, did not use in MRI reports 8 (40%)
Heard of, did not use in MRI reports 10 (50%0)
Not familiar at all 2 (10%)

LI-RADS, liver imaging reporting and data system; MRI, magnetic resonance imaging.

Statistical analysis

Raw data and cleaned data were stored in Excel, and statis-
tical analysis was performed with Stata statistical software
version 13.1 (https://www.stata.com/). The distribution
of ordinal categorical data between groups was compared
by the Wilcoxon rank-sum (Mann-Whitney) test after rank
transformation. Proportions were compared using the chi-
squared test. Indicators of diagnostic accuracy were cal-
culated for each participant before and after training using
the formulas as follows.1? In this study, LR-5 was used as
a predictor of HCC.813 Compared to the final diagnosis of
the sampled MRIs, the number of true positive (TP), false
positive (FP), true negative (TN), and false negative (FN)
findings were extracted, and a 2x2 table was constructed.
The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), coincidence rate, positive
likelihood ratio (+LR) and negative likelihood ratio (—LR)
were calculated (Supplementary File 1). The means with
95% confidence intervals (95% Cls) of these indicators
were calculated separately for all participants. The hierar-

chical summary receiver operating characteristic package
was used to calculate the pooled estimates of the different
operators. The inter-observer agreement among radiolo-
gists with different experience levels was calculated directly.
If all radiologists classified the same LR category for one
hepatic lesion, then it was considered as consensus. As long
as there was a different LR category assessed by any one of
these radiologists, it was considered as inconsistent. Then,
the percentage and 95% CI were calculated. A p-value of
less than 0.05 was regarded as statistically significant.

Results

Characteristics of all participants

The demographic information of the participants enrolled
in this training program is described in Table 3. In China,
hospitals are classified into three tiers, each with three sub-
levels (A, B and C), and the highest ranking is 3A. All 20
participants were general radiologists, and none of them
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Table 4. Comparison of diagnostic performance of all participants for
HCC before and after systematic LI-RADS training

Before training After training

Sensitivity 0.43 (0.37-0.50) 0.54 (0.51-0.56)
Specificity 0.86 (0.82—0.89) 0.88 (0.86—0.90)
PPV 0.74 (0.70-0.78) 0.81 (0.79-0.84)
NPV 0.62 (0.60-0.64) 0.67 (0.66—0.68)
Coincidence rate  0.65 (0.62-0.67) 0.71 (0.70-0.73)
+LR 3.60 (2.62-4.58) 5.14 (4.28-6.01)
-LR 0.66 (0.60—0.72) 0.53 (0.50—0.55)
AUC 0.64 (0.62—0.67) 0.71 (0.70-0.72)
p-value <0.001

LI-RADS, liver imaging reporting and data system; HCC, hepatocellular carcino-
ma; +LR, positive likelihood ratio; —LR, negative likelihood ratio; PPV, positive
predictive value; NPV, negative predictive value; AUC, area under the curve.

were primarily liver specialists. These participants were fur-
ther classified into junior and senior subgroups according to
their seniorities (Supplemental Table 3).

Interobserver agreements of the LR category before
and after systematic training

The comparison results of interobserver agreement of LR
category for overall, junior and senior radiologists before
and after systematic LI-RADS training are demonstrated
in Supplemental Table 4. Before LI-RADS training, the par-
ticipants had a relatively low level of agreement on the
diagnosis of 70 hepatic observations on MRI. The diagnosis
of only 17 hepatic observations was agreed upon by all 20
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Fig. 3. Hierarchical summary receiver operating characteristic curves
for the MRI diagnosis of all the enrolled participants before LI-RADS
training. Circles with numbers represent each participant, and dotted lines rep-
resent the credible interval. SROC, summary receiver operating characteristic
curve; LI-RADS, liver imaging reporting and data system.

Ren A.H. et al: LI-RADS training improves HCC diagnosis

10 SROC for overall radiologists after training

OO)
S

Sensitivity
o
w
1
b

() Observed Data
Summary Operating Point

& SENS=054 .50-0.3‘7']

SPEC = 0.88 [0.86 - 0.
SROC Curve

AUC = 0.81 [0.77 - 0.84]
= B5% Confidence Contour

85% Prediction Confour

0.0 T
1.0 0.5 0.0
Specificity

Fig. 4. Hierarchical SROC curves for the MRI diagnosis of all the en-
rolled participants after LI-RADS training. Circles with numbers represent
each participant, and dotted lines represent the credible interval. SROC, sum-
mary receiver operating characteristic curve; LI-RADS, liver imaging reporting
and data system; MRI, magnetic resonance imaging.

radiologists, making their interobserver agreement 0.243
(0.148-0.360). After systematic LI-RADS training, a total
of 33 hepatic observations reached a consensus with an
interobserver agreement of 0.471 (0.351-0.594) for all
participants, including 24 observations they did not regard
as HCC and 9 observations they agreed on as an HCC diag-
nosis. After systematic LI-RADS training, the interobserver
agreements of the LR category for overall, junior and sen-
ior participants are significantly increased (p<0.001).

Diagnostic performance for HCC before and after
systematic training

The comparison results of the diagnostic performance of the
overall, junior and senior participants for HCC before and
after systematic LI-RADS training are shown in Table 4 and
Supplemental Table 5. The sensitivity of their diagnosis of
HCC improved from 0.43 (0.37-0.50) to 0.54 (0.51-0.56),
and the PPV improved from 0.74 (0.70-0.78) to 0.81 (0.79—
0.84) (p<0.001). The diagnostic performances of both jun-
ior and senior radiologists were all increased after system-
atic training of LI-RADS (junior, p=0.037; senior, p=0.004).
The area under the curve also improved with statistical sig-
nificance among overall, junior and senior participants after
training (p<<0.001) (Figs. 3-5; Supplemental Figs. 1, 2).

Discussion

In this study, 20 participants with different abdominal imaging
experiences, serving as visiting scholars in our department,
underwent systematic training with the newest version of the
LI-RADS algorithm, and their interobserver agreements and
diagnostic performance outcomes for diagnosing HCC on MRI
before and after training were compared. Our results showed
that the interobserver agreement for the LR category for all
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Fig. 5. A 46 year-old man with alcoholic liver cirrhosis. The 1.8-cm observation at segment VI displayed moderate T,WI hyperintensity (A), with restricted diffu-
sion on DWI (B), with nonrim APHE on the late arterial phase image (D) compared with the precontrast enhanced T, W1 (C), with nonperipheral washout on portal venous
phase image (E) and enhancing capsule on the coronal image of delayed phase (F). The observation was preliminarily categorized as LR-5 by three experts according
to LI-RADS v2018, and the diagnosis of HCC was confirmed by pathology after partial hepatectomy. However, the observation was misclassified as LR-4 for unfamiliar
with washout appearance or enhancing capsule by participants before systematic training. APHE, arterial phase hyperenhancement; DWI, diffusion-weighted image;
T,WI, T,-weighted image; T,WI, T,-weighted image; LI-RADS, liver imaging reporting and data system.; HCC, hepatocellular carcinoma.

participants was significantly increased after systematic train-
ing. The diagnostic performance of all participants for HCC
was significantly increased after systematic training.

In this study, we performed systematic LI-RADS train-
ing v2018 with 20 participants at an academic radiology
department. Our institution has a national key cultivation
discipline of gastroenterology and hepatology and a liver
transplant center, with sufficient patients with focal liver le-
sions undergoing MR examinations. In addition, LI-RADS
has been introduced and adopted in daily work in our radi-
ology department for 5 years, with updates to the newest
version of the algorithm.8:14-16 Therefore, our lead radiolo-
gists have considerable experience with LI-RADS and have
devoted much effort to disseminating LI-RADS in China. In
addition, our institution is a teaching hospital, so we attach
great importance to the training of residents and the con-
tinuing medical education of visiting scholars.

Davenport et al.1” compared the repeatability of diagnos-
tic features and different scoring systems for HCC on MRI
between five fellowship-trained radiologists and five novice
radiology residents at a liver transplantation center. They re-
ported a fair overall inter-reader agreement (0.35 [95% ClI:
0.34, 0.37]) for LI-RADS v2013.1, which was slightly lower
than our results after training. However, they did not perform
systematic training for radiologists, and the participants were
given only 1 h of lecture-based and hands-on instructions
concerning each liver observation scoring system.1” They did
not compare the diagnostic performance outcomes of the ex-
perts and novice radiologists. LI-RADS is currently consistent

with the AASLD and NCCN guidelines and fully integrated
into AASLD clinical practice guidance.'* AASLD does not have
an official definite scoring system, and the Organ Procure-
ment and Transplantation Network (commonly referred to as
OPTN) is a unique system for transplantation adopted in the
USA.*18 Therefore, we only evaluated the systematic training
effect of LI-RADS in this study. In our study, the interobserv-
er agreements of all radiologists for the LR category were
increased after systematic training. Our results of the inter-
reader agreement for the LR category are slightly greater
than those of Kang et al.® and Fowler et al.1®

There are relatively few studies concerning the dissemi-
nation of HCC diagnosis guidelines. Elmohr et al.2® dis-
cussed the feasibility and efficacy of the concept of teaching
teachers in disseminating and motivating the application of
the LI-RADS v2018 clinical practice guideline. They used
different teaching methods for different continents and
countries, with a total of 8,342 attendees participating in
their study. We implemented a systematic training program
with 20 participants with different experience levels using
the hybrid method of classroom training combined with a
one-on-one model. Our results reveal that the systematic
training model can effectively improve the diagnostic per-
formance of the attendees for HCC. All these visiting schol-
ars came from different provinces and districts in China,
and they may subsequently disseminate the LI-RADS v2018
clinical practice guideline in their own hospitals/institutions.
Unfortunately, we did not study how much of this training
was retained at 6 months or 1 year after the training.
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In this study, the improvement in the interobserver agree-
ment and diagnostic performance for HCC after training for
all participants was real and expected. The possible reasons
for the improvements of the interobserver agreement and di-
agnostic performance in doctors are based on learning and
training. However, it is rather modest. Less than half of the
observations were correctly classified, possibly because all
participants were general radiologists and not liver specialists,
although LI-RADS is supposed to be a standard and straight-
forward tool. Another reason may be that all participants
came from different classifications of hospitals and reported
an average number of abdominal MRIs of only 3.9+3.31.

Limitations

This study had several limitations. First, the number of le-
sions assessed was too small. We included only 10 hepatic
observations per LR category, which is not enough for robust
analysis. We would include more cases to verify and improve
the reliability of the result in a future investigation. Second,
this was a single-center retrospective study, and selection
bias of patients inevitably exists. Third, the three expert ra-
diologists did not review the enrolled cases independently,
and the inter-reader agreement between them was not as-
sessed. However, our previous study displayed a good intra-
class correlation coefficient (0.965 [95% CIl: 0.956-0.972])
for the LR category among these three radiologists adopting
LI-RADS v2018. Fourth, 85.2% (52/61) of the patients had
a single observation in this study. This may not represent
the daily routine in other hospitals; perhaps this is a bias
related to the local recruitment of a transplantation center.
Fifth, in terms of real-life applicability, a limitation may be
that most radiology departments do not have 7.5 h available
to devote to formal LI-RADS training didactics.

Conclusions

In conclusion, the systematic LI-RADS training can effec-
tively improve the diagnostic performance and the interob-
server agreements of radiologists with different experience
levels for HCC, both for junior and senior radiologists.
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Abstract

Background and Aims: Coronavirus disease 2019 (COV-
ID-19) has infected over 93 million people worldwide as
of January 14, 2021. Various studies have gathered data
on liver transplant patients infected with COVID-19. Here,
we discuss the presentation of COVID-19 in immuno-
suppressed patients with prior liver transplants. We also
evaluate patient outcomes after infection. Methods: We
searched the PubMed database for all studies focused on
liver transplant patients with COVID-19. Results: We iden-
tified eight studies that evaluated COVID-19 infection in liv-
er transplant patients (n=494). Hypertension was the most
prevalent comorbidity in our cohort. Calcineurin inhibitors
were the most common immunosuppressant medications
in the entire cohort. The average time from liver transplant
to COVID-19 infection in our cohort was 74.1 months. Fe-
ver and cough, at 70% and 62% respectively, were the
most common symptoms in our review. In total, 50% of
the patients received hydroxychloroquine as treatment for
COVID-19. The next most prevalent treatment was azithro-
mycin, given to 30% of patients in our cohort. In total,
80% of the patients were admitted to a hospital and 17%
required intensive care unit-level care, with 21% having re-
quired mechanical ventilation. Overall mortality was 17% in
our review. Conclusions: Given the immunocompromised
status of liver transplant patients, more intensive surveil-
lance is necessary for severe cases of COVID-19 infection.
As liver transplantations have been restricted during the
COVID-19 pandemic, further investigation is warranted for
studying the risk of COVID-19 infection in liver transplant
patients.
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Introduction

The coronavirus disease (COVID-19) caused by the severe
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)
has resulted in over 107 million documented cases globally
and close to 2.5 million deaths, as of February 10, 2021.* On
March 11, 2020, the World Health Organization (WHO) clas-
sified COVID-19 as a pandemic.? The severity of COVID-19
in the general population ranges from asymptomatic/mild
symptoms to critically ill in a proportion of patients.® The
Centers for Disease Control and Prevention (CDC) has recog-
nized that those with certain underlying medical conditions
are at increased risk for severe illness from COVID-19, in-
cluding cancer, chronic kidney disease, liver disease, chronic
obstructive pulmonary disease, obesity, type 2 diabetes mel-
litus, serious heart conditions, respiratory diseases, and im-
munocompromised status, including those requiring immu-
nosuppression following solid organ transplantation (SOT).3

Accordingly, liver transplantation is the second most
common SOT globally after kidney transplantation, with the
overall rate reported at 3.7 per million population.# In devel-
oped countries, hepatitis C virus (commonly known as HCV)
is the primary reason for liver transplant; however, HCV is
now being replaced by alcoholic liver disease, non-alcohol-
ic liver disease, and hepatocellular carcinoma.®> Based on
familiarity with viral respiratory infections in patients with
SOT, the clinical presentation of COVID-19 would likely be
more severe in these liver transplant recipients, as they are
immunosuppressed and, therefore, have a weaker immune
system. To date, no donor-derived COVID-19 cases have
been reported. Angiotensin-converting enzyme 2 (often re-
ferred to as ACE2), which is a receptor for SARS-CoV-2,
is present in almost all organs, including the lung, heart,
kidney, liver, and intestine.® Therefore, SARS-CoV-2 viremia
could potentially infect any transplant organ and suppress
itself until the immunosuppressed status exists. In a survey
conducted in >80 major transplant centers in the USA be-
tween March 24 and March 31, 2020, 31 (35.2%) centers
reported 148 patients with SOT with COVID-19 overall.” Of
these patients, 80 (54.1%) were mildly symptomatic, 31
(20.9%) were moderately symptomatic with pneumonia,
and 37 (25.0%) were critically ill. These findings suggest
a greater disease severity compared with patients without
SOT with COVID-19. Further, SOT recipients who have COV-
ID-19 may shed greater amounts of virus for longer dura-
tions compared to non-immunosuppressed patients.8 This
has been shown in other viruses as well, such as influenza.
In immunocompetent adults, the majority of patients shed
influenza for a maximum of 5 days.® Conversely, a study
of allogeneic hematopoietic stem cell transplant) recipi-
ents with influenza revealed that the mean duration of viral
shedding was 7 days (range: 2—37 days); in those patients
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who received no therapy, the mean duration of shedding
was 11.3 days.1°

Transplantations have been restricted due to the high risk
of serious COVID-19 infection in this population as well as
risk of transmission in health care workers. In fact, there
has been a steep decline in organ donations and SOT (for
kidney, liver, heart, and lung) procedures since the begin-
ning of the COVID-19 pandemic in the USA, decreasing by
51.1%.11 The American Association for Study on Liver Dis-
eases (commonly known as the AASLD) recommends that
liver transplantation should be limited to emergency cases
(e.g., patients with high model for end-stage liver disease
scores) or hepatocellular carcinoma patients who are at risk
of disease progression and removal from the waiting list.12

Limited data exist from evaluations of the impact of COV-
ID-19 on liver transplant recipients. In this paper, we review
real-world studies evaluating the effect of COVID-19 in liver
transplant recipients.

Methods

Search strategy

We searched the PubMed database for all studies focused on
liver transplant patients with COVID-19. We used a combi-
nation of the keywords ‘COVID-19’, ‘'SARS-CoV-2’, and ‘liver
transplant’ in our literature search. The PubMed search was
limited to articles published on 1/1/2020 or later to ensure
the search was more specific to COVID-19 articles only. The
search was run on 1/14/2021.

Inclusion and exclusion criteria

We included all studies published in scientific journals that
provided information on COVID-19 infection in liver trans-
plant patients. Only studies focused on COVID-19 were
included in data collection, and studies discussing SARS,
MERS, or other infections were excluded from data collec-
tion. Only studies with liver transplant patients were includ-
ed; papers including non-transplant patients, pediatric pa-
pers, and papers without patient data were excluded. Case
reports were excluded, as well as papers that did not exclu-
sively focus on liver transplant patients. Only papers with
data on five or more patients in their cohort were included.
We collected data on country of origin, size of cohort, pa-
tient comorbidities, time from liver transplant to COVID-19
infection, immunosuppressant medications, COVID-19
symptoms, COVID-19-specific treatments, hospitalization
rate, intensive care unit (ICU) admission rate, need for me-
chanical ventilation, and mortality rate.

Results

The results of our review of the literature yielded eight stud-
ies containing data on liver transplant patients infected with
COVID-19 (Fig. 1 and Table 1).13-20 patients from our re-
view were from Europe, North America, South America, and
Asia. Six studies with patients from Europe were included
in our analysis.1315-18.20 The total number of patients in
our cohort was 494. The largest study we included had 151
patients.?° The majority of patients were men. The mean
patient age was 62.7. Fifty-one percent of patients in our
cohort had hypertension as a comorbidity. The next most
prevalent comorbidity was diabetes mellitus. Calcineurin
inhibitors (CNIs) were the most prevalent immunosuppres-
sant medications among the entire cohort. The next most
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434 studies
identified through
PubMed
417 excluded
Unrelated
17 studies
screened by
title/abstract
8 excluded
No patient data provided
N < 5 patients

9 full text articles
selected

1 excluded
Data not provided on 3 of 6
patients included in study

L 4

8 studies included
in liver transplant
analysis

Fig. 1. Flowchart for literatures review of the liver transplant patients
with COVID-19 from PubMed.

common immunosuppressant was mycophenolate mofetil
(MMF), followed by steroids.

All studies provided data on symptoms, treatments, and
outcomes of COVID-19-infected liver transplant patients
(Table 2).13-20 The average time from liver transplant to
COVID-19 infection in our cohort was 74.1 months. Fever
and cough, at 70% and 62% respectively, were the most
common symptoms in our review. In total, 50% of patients
received hydroxychloroquine (HCQ) as treatment for COV-
ID-19. The next most prevalent treatment was azithromy-
cin, given to 30% of patients in our cohort. Eighty percent
of the entire cohort was admitted to a hospital. Seventeen
percent of patients required ICU-level care. Twenty-one
percent of patients required mechanical ventilation. Overall
mortality was 17% in our review.13-20

Webb et al?® reported the largest cohort in our review,
with 151 liver transplant patients. Of these patients, 82%
were admitted, with 28% requiring ICU-level care. Thirty
patients required mechanical ventilation, and twenty-eight
patients died. Waisberg et al* reported data on five pa-
tients from Brazil with an average time from liver transplant
to COVID-19 infection of 0.56 months, which was the short-
est in our cohort. All five of those patients had been admit-
ted and two died. One study reported data on 38 patients
from the USA,1° with 71% of that cohort having been admit-
ted, 21% requiring ICU-level care, and 18% having died.

Discussion

As the COVID-19 pandemic continues to spread and impact
the entire world, SOT recipients are at high risk of infec-
tion and poor outcomes due to high rates of pre-existing
conditions in addition to chronic immunosuppression. Here,
we provide one of the largest reviews of COVID-19 in liver
transplant recipients. With a median age of 64 years, over
50% and 40% of patients had hypertension and diabetes,
respectively, as a comorbidity. The most common immuno-
suppressive agents used were CNIs (82%), MMF (39%), and
steroids (26%). There are inadequate data on the relation-
ship between immunosuppressive therapy and COVID-19
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in liver transplant recipients with COVID-19. Various stud-
ies have shown that CNIs display antiviral effects in vitro
against coronaviruses and may also ameliorate the cytokine
storm.21.22 Similar to SARS-CoV-2, MMF yields a cytostatic
effect on activated lymphocytes; therefore, MMF and SARS-
CoV-2 may result in a synergic and damaging outcome on
reducing peripheral lymphocytes.23:24 Although SOT recipi-
ents may be at greater risk for COVID-19 due to immuno-
suppressive therapy, there are still no definitive data to sug-
gest that the immunosuppressive protocol be altered. For
patients with mild to moderate COVID-19, it is advised that
immunosuppression be continued;2> however, if there is fe-
ver, lymphopenia, or worsening of the patient’s pneumonia,
reducing the dose of azathioprine or MMF should be con-
sidered.26 Patients with severe COVID-19 may need their
dose of CNI reduced. Further research evaluating the role
of immunosuppressive agents and COVID-19 is warranted.

As in the general population, the most common symp-
toms patients had were fever and cough. However, there
were also other presentations, including digestive symptoms
and dyspnea.2’” The most common treatment for COVID-19
was HCQ. The paradigm of treatment has evolved rapidly,
with HCQ now not being recommended for the treatment of
COVID-19. We revealed that the overall mortality rate in liv-
er transplant recipients was 17%, which is in alignment with
the general population (15—22%).28:2° However, pooled data
from various SOT studies report worse outcomes, with the
in-hospital case fatality rate ranging from 24% to 27%.30.:31

Several limitations of this study should be noted. The
majority of patients in our analysis were from European
centers; therefore, generalizability to people from other
countries may be limited. Moreover, many of the studies
included patients treated with HCQ, which is not currently
recommended per the Infectious Diseases Society of Amer-
ica COVID-19 guidelines.3? The use of HCQ, as it was ap-
plied in earlier studies, is considered less efficacious than
currently available treatments. Furthermore, the cohorts
included in this study varied in time from liver transplant
to COVID-19 infection (ranging from 0.56 to 105 months),
leading to variability in study outcomes. Finally, over or un-
der reporting of symptoms in our various cohorts may have
contributed to reporting bias.

In conclusion, patients with liver disease and transplant
candidates are at risk from COVID-19. Unfortunately, SOT
transplant recipients are a highly susceptible population;
therefore, clinicians should have an understanding of the
disease and take the essential precautions to ensure the
safety of liver transplant recipients.
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Abstract

Background and Aims: Coronavirus disease 2019 (COV-
ID-19) is a global threat, affecting more than 100 million
people and causing over 2 million deaths. Liver laboratory
test abnormalities are an extrapulmonary manifestation of
COVID-19, yet characterization of hepatic injury is incom-
plete. Our objective was to further characterize and identify
causes of liver injury in patients with COVID-19. Methods:
We conducted a retrospective cohort study of 551 patients
hospitalized with COVID-19 at NewYork-Presbyterian Hospi-
tal/Columbia University Irving Medical Center between March
1, 2020 and May 31, 2020. We analyzed patient demograph-
ics, liver laboratory test results, vital signs, other relevant
test results, and clinical outcomes (mortality and intensive
care unit admission). Results: Abnormal liver laboratory
tests were common on hospital admission for COVID-19 and
the incidence increased during hospitalization. Of those with
elevated serum alanine aminotransferase and/or alkaline
phosphatase activities on admission, 58.2% had a choles-
tatic injury pattern, 35.2% mixed, and 6.6% hepatocellular.
Comorbid liver disease was not associated with outcome;
however, abnormal direct bilirubin or albumin on admission
were associated with intensive care unit stay and mortal-
ity. On average, patients who died had greater magnitudes
of abnormalities in all liver laboratory tests than those who
survived. Ischemic hepatitis was a mechanism of severe
hepatocellular injury in some patients. Conclusions: Liver
laboratory test abnormalities are common in hospitalized
patients with COVID-19, and some are associated with in-
creased odds of intensive care unit stay or death. Severe
hepatocellular injury is likely attributable to secondary ef-
fects such as systemic inflammatory response syndrome,
sepsis, and ischemic hepatitis.
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Introduction

In December 2019, the first cases of coronavirus disease
2019 (COVID-19), the illness caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), were iden-
tified in Wuhan, China.13 SARS-CoV-2 has since spread
rapidly, infecting more than 100 million people and causing
over 2 million deaths worldwide (as of February 3, 2021).4
Common symptoms of COVID-19 include fever, cough,
dyspnea, and fatigue; multiorgan dysfunction and death
can occur in severe cases.®> Although several studies have
examined hepatic abnormalities in patients with COVID-19,
the types and causes of liver injury and the influence of
pre-existing liver disease on outcome remain poorly charac-
terized.®-10 There are also reported differences in the preva-
lence of liver laboratory test abnormalities in patients with
COVID-19 from different parts of the world.®

SARS-CoV-2 binds to the angiotensin-converting enzyme
2 (ACE2) receptor to enter target cells, where it replicates
and infects nearby cells.1:11-13 Preliminary reports suggest
that ACE2 receptor is expressed in cholangiocytes at a level
comparable to alveolar type 2 cells, but is only minimally
expressed in hepatocytes, revealing a potential mechanism
for direct infection and damage of bile ductules by SARS-
CoV-2.1 While SARS-CoV-2 has been detected in post-
mortem liver samples from patients with COVID-19, histo-
pathologic features do not show significant hepatocyte or
cholangiocyte damage but rather nonspecific hepatitis and
macrovesicular steatosis.'>17 This suggests that COVID-
19-related liver injury may result from secondary causes.

Previous data from a New York City cohort shows that
elevated serum alanine aminotransferase (ALT) activity is
common in patients who test positive for SARS-CoV-2.18
The injury is most often considered mild, although patients
with serum ALT more than 5 times the upper limit of nor-
mal (ULN) have worse outcomes. In the current study, we
characterize abnormalities in ALT, aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), bilirubin, and
albumin in hospitalized patients with COVID-19. We cor-
relate abnormalities in these parameters at admission and
subsequently during hospitalization with clinical outcomes.
Finally, we establish a likely etiology of severe hepatocel-
lular injury observed in a subset of patients hospitalized
with COVID-19.
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Methods

Inclusion criteria and data collection

Study participants were admitted to NewYork-Presbyterian
Hospital/Columbia University Irving Medical Center (re-
ferred to as CUIMC) between March 1 and May 31, 2020
with an encounter diagnosis of COVID-19 (International
Classification of Diseases, Tenth Revision [ICD-10] code
UO07.1 documented in the problem list), resulting in the in-
clusion of 551 patients. ICD-10 code U07.1 is only used for
a confirmed diagnosis of COVID-19 as documented by the
provider. We used this criterium, rather than including all
patients with a positive SARS-CoV-2 test result, to exclude
patients who may have tested positive while admitted for
other reasons but did not experience symptoms of COV-
ID-19. All subjects had a positive reverse transcription-PCR
nasal swab for SARS-CoV-2 RNA.

The Columbia University Institutional Review Board ap-
proved the protocol with a waiver of informed consent. Pa-
tient demographics, laboratory values, vital signs, clinical
outcomes, and medical histories were obtained by query of
the Epic Systems electronic health record. Outcomes were
assessed at the time of data collection on July 21, 2020.
Race and ethnicity data were self-reported in prespecified
categories. Liver laboratory test abnormalities were defined
as: AST =37 U/L, ALT =50 U/L, ALP =129 U/L, direct bili-
rubin (DBIL) > 0.3 mg/dL, total bilirubin (TBIL) >1.3 mg/
dL, and serum albumin <3.9 g/dL, per CUIMC laboratory
reference ranges.

Admission laboratory values were defined as results doc-
umented closest to and within 60 hours of admission. Ad-
mission ALT, AST, ALP, TBIL, and albumin were available for
533 (96.7%) patients, whereas admission DBIL was avail-
able for 531 (96.4%). Peak laboratory values were defined
as the highest ALT, AST, ALP, DBIL, and TBIL, and the low-
est albumin recorded during hospitalization. Peak values for
each liver laboratory test were available for 539 (97.8%)
patients.

Characterization of liver injury

Liver injury for patients with abnormal ALT and/or ALP was
characterized as cholestatic, mixed, or hepatocellular at the
time of admission by calculating the R factor, computed as
serum ALT/ULN divided by serum ALP/ULN. R>5 is consid-
ered hepatocellular liver injury, R<2 cholestatic, and 2<R<5
is interpreted as a mixed type of liver injury.19.20

Statistical analyses

All analyses were performed using MATLAB R2020a (ver-
sion 9.8.0.1396136; The MathWorks, Inc., Natick, MA,
USA). A p-value <0.05 was considered statistically signifi-
cant. Comorbidities and laboratory test results were cor-
related with mortality and intensive care unit (ICU) ad-
mission (primary and secondary outcomes, respectively)
using Fisher’s exact test for nonrandom association be-
tween two categorical variables. Laboratory test result
trends were stratified by outcome and plotted against time
as the mean of each patient’s individual change from their
admission level, with error bars representing the 95%
confidence interval of each point estimate. Outliers were
defined as elements more than three standard deviations
from the mean and were removed from these point esti-
mates to prevent large fluctuations caused by a few ex-
treme values.

Bender J.M. et al: Liver injury in COVID-19

Table 1. Characteristics of patients hospitalized with COVID-19

Characteristic No. (%0)
Total no. 551
Deaths 115 (20.9)
Age in years
<25 31 (5.6)
25-49 86 (15.6)
50—64 149 (27)
65-79 194 (35.2)
>80 91 (14.5)
Sex
Female 235 (42.6)
Male 316 (57.4)
Race
Asian 9 (1.6)
African American 102 (18.5)
White 136 (24.7)
Other/Multiracial 199 (36.1)
Declined 113 (20.5)
Ethnicity
Hispanic or Latino 284 (51.5)
Not Hispanic or Latino 159 (28.9)
Declined 108 (19.6)
Body Mass Index in kg/m?
Underweight, <18.5 20 (3.6)
Normal, 18.5-24.9 127 (23.0)
Overweight, 25.0-29.9 153 (27.8)
Obese, 30.0-39.9 150 (27.2)
Extremely obese, >40 40 (7.3)
Unknown 61 (11.1)
Comorbidities
Liver disease 32 (5.8)
Kidney disease 96 (17.4)
Cardiovascular disease 307 (55.1)
Diabetes 177 (32.1)
Results

Study cohort characteristics

Clinical characteristics and demographics of the patient
cohort are summarized in Table 1. A total of 551 patients
met inclusion criteria, of which 170 (30.9%) were admit-
ted to the ICU and 115 (20.9%) died during hospitalization.
Mean age was 63 years (range: 1-102 years), 57.4% were
male, and 34.5% were obese with a body mass index (BMI)
>30.0. Only 5.8% of patients suffered from comorbid liver
disease.

Mean and median length of hospital stay were 16 days
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Fig. 1. Hospital course of the patient cohort. A total of 551 patients were
studied. At the time of data collection, 115 patients had died, 424 patients had
been discharged, and 12 patients remained hospitalized. The mean and median
length of hospital stay was 16 days and 9 days, respectively, with a range of
0-104 days.

and 9 days, respectively, with a range of 0-104 days. Over
half the patients were discharged or died after 10 days (Fig.
1). At the time of data collection, 12 patients remained hos-
pitalized.

Liver laboratory test abnormalities

Abnormal admission liver laboratory tests were common in
patients with COVID-19 (Fig. 2A-F). ALT was abnormally
elevated in 28.1%, AST in 61.0%, ALP in 19.1%, DBIL in
18.5%, and TBIL in 7.9%; albumin was below normal in
65.9%. Peak ALT was abnormal in 55.7% of patients, AST in
79.2%, ALP in 39.7%, DBIL in 44.3%, and TBIL in 21.5%;
albumin was below normal in 93.0% of patients during their
illness (Fig. 2G—L).

For patients with abnormal ALT, ALP, or both at time of
admission, we calculated each patient’s R factor to deter-
mine if the pattern of liver injury was mostly likely chole-
static, hepatocellular, or mixed. The pattern of laboratory
test abnormalities suggested that liver injury was most of-
ten cholestatic. In 213 patients, 58.2% had a cholestatic
injury pattern, 35.2% mixed, and 6.6% hepatocellular (Fig.
3). Given that the rate of abnormal AST elevation (61.0%)
was notably higher than the rate of abnormal ALT (28.1%)
elevation in our cohort, we computed the R factor for each
patient using the admission AST value rather than ALT. In
this instance, we found that in the 352 patients with an ab-
normal AST and/or ALP on admission, 36.1% had a chole-
static injury pattern, 45.4% mixed, and 18.5% hepatocel-
lular.

Association of liver abnormalities with patient out-
comes

Certain admission laboratory test abnormalities were asso-
ciated with ICU admission or death; however, pre-existing
liver disease was not (Table 2). Pre-existing cardiovascular
disease was associated with increased odds of death. While
there was not a significantly increased mortality rate in pa-
tients that presented with a history of pre-existing liver dis-

ease, they presented with a significantly higher prevalence
of abnormalities in ALP (34.4% vs. 19.1%, p=0.035) and
TBIL (21.9% vs. 7.9%, p=0.0086), but not aminotrans-
ferases, DBIL, or albumin. There were no significant dif-
ferences in the prevalence of abnormal peak liver tests;
however, the mean peak DBIL (2.97 vs. 0.77, p=1.61e—6)
and TBIL (3.74 vs. 1.18, p=4.29e-7) were significantly
higher in the subcohort of patients with pre-existing liver
disease than those with no history of liver disease. Abnor-
mal admission DBIL and albumin were associated with ICU
admission and mortality, elevated AST was associated with
ICU admission but not mortality, and elevated TBIL was
associated with death but not ICU admission. Elevated ad-
mission ALT and ALP were not associated with mortality or
ICU admission. Mortality risk was increased in patients who
presented with normal liver laboratory tests (ALT, AST, ALP,
DBIL, TBIL, and albumin) on admission but subsequently
had an abnormal ALP, DBIL, or TBIL. A subsequent abnor-
mal ALT, AST, or albumin was not associated with mortality
in these patients. The risk of ICU admission was increased
in patients who presented with normal liver laboratory tests
on admission but had an abnormal ALP or DBIL later dur-
ing their hospital course. Subsequently abnormal ALT, AST,
TBIL, or albumin were not associated with ICU admission
in these patients.

Laboratory test result trends showed a rise in mean ALT,
AST, ALP, TBIL, and DBIL, and a decrease in mean albumin
during the first 14 days of hospitalization (Fig. 4). In pa-
tients who died, a spike in mean serum aminotransferase
activities occurred around day 8 (Fig. 4A, B), followed by
a corresponding increase in ALP (Fig. 4C), DBIL (Fig. 4D),
and TBIL (Fig. 4E) about 2 days later. Of patients who
survived, a gradual increase in mean ALT, ALP, and DBIL
occurred with a corresponding decrease in average serum
albumin concentration (Fig. 4F). On average, patients who
died had greater magnitude abnormalities in all liver lab-
oratory tests during hospitalization than those who sur-
vived.

Patients with COVID-19 and severe hepatocellular in-
jury

During hospitalization, 21 of 551 (3.81%) patients suffered
severe hepatocellular injury, defined as an ALT greater than
10 times the ULN. Of these patients, 19 were admitted to
the ICU, 17 were intubated, and 9 died. At the time of peak
serum ALT activity, 19 had a hepatocellular pattern of in-
jury (R factor =5), 2 a mixed pattern (2<R factor<5), and
none had a cholestatic injury pattern (R factor <2). The
meanz=standard deviation R factor in this subcohort at the
time of peak ALT activity was 35.3+37.9; the median was
21.1, and range was 3.18-173.

To investigate the etiology of severe hepatocellular liver
injury in this subcohort, we plotted the trend of ALT ac-
tivities along with systemic markers of pathology: mean
arterial pressure, body temperature, oxygen saturation,
white blood cell count, platelet count, and serum creati-
nine concentration (Supplementary Fig. 1). One-third of
these patients were hypoxic (oxygen saturation <90%),
and 38% showed signs of sepsis indicated by fever (tem-
perature >100.4°F), and an elevated white blood cell count
(>8.44x108%/uL).

Data from three representative patients that had consist-
ent documentation of laboratory test results and vital signs
revealed a pattern consistent with ischemic hepatitis likely
secondary to septic shock (Fig. 5). In these cases, mean
arterial pressure dropped prior to a spike in serum ami-
notransferase activities, with subsequent increases in the
serum TBIL concentration in two of the three. Associated
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Fig. 2. Histograms of admission and peak liver laboratory test results. ALT (A) was abnormally elevated on admission in 28.1%, AST (B) in 61.0%, ALP (C) in
19.1%, DBIL (D) in 18.5%, and TBIL (E) in 7.9%; serum albumin concentration (F) was below normal on admission in 65.9%. Peak ALT (G) was abnormal in 55.7%
of patients, AST (H) in 79.2%, ALP (l) in 39.7%, DBIL (J) in 44.3%, TBIL (K) in 21.5%; serum albumin concentration (L) was below normal in 93.0% of patients.
Dashed lines represent the ULN for ALT, AST, ALP, DBIL, and TBIL, and the lower limit of normal for serum albumin. Histograms are scaled to show the bulk of the data;

therefore, some outliers are not shown.

increases in the serum creatinine concentrations indicated
concurrent kidney dysfunction. Elevated white blood cell
counts in all three, and fever in two out of three suggested
concurrent infection; decreasing platelet counts suggested
possible disseminated intravascular coagulation (Supple-
mentary Fig. 2).

Discussion

Our results show that liver laboratory test abnormalities are
common in hospitalized patients with COVID-19. The num-
bers of patients with abnormalities in these laboratory tests
increase during hospitalization. For serum aminotransferase
activities, a higher prevalence of elevations in AST com-
pared to ALT may be attributable to non-hepatic sources, as
AST is expressed to a great degree in heart, skeletal mus-
cle, and erythrocytes.2! Among hospitalized patients with

Cholestatic
Injury

8 8 8 &

-
o

Number of Patients
S

o

Mixed Pattern

COVID-19, a subset of about 4% develop severe hepatocel-
lular injury often associated with hypoxia, signs of sepsis,
and systemic hypotension.

Our cohort was restricted to patients admitted to a ter-
tiary care academic medical center and, as such, was likely
significantly sicker than most patients with COVID-19. We
included only patients with an encounter diagnosis of COV-
ID-19, which eliminated subjects who may have been hos-
pitalized for other reasons and subsequently tested posi-
tive for SARS-CoV-2. Almost a third of our patients were
transferred to the ICU during the course of hospitalization
and 20.9% died, resulting in a case fatality rate higher than
generally reported previously in most studies.?2-25 However,
our cohort’s case fatality rate was similar to that reported in
5,700 patients hospitalized with COVID-19 in the New York
City area.?® Similar to our study, 39.0% and 58.4% of sub-
jects in that cohort had elevated ALT and AST, respectively;
however, data on ALP, DBIL and TBIL were not provided.

Hepatocellular
Injury

R factor

Fig. 3. Liver injury at time of admission in patients with abnormal ALT or ALP results characterized by R factor. In 213 patients with abnormal ALT and/
or ALP activities on admission, 58.2% had a cholestatic injury pattern, 35.2% mixed, and 6.6% hepatocellular. Dashed lines at R=2 and R=5 represent the borders
between cholestatic, mixed, and hepatocellular liver injury. The plot is scaled to show the bulk of the data; therefore, some outliers are not shown.
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Table 2. Correlation of comorbidities and liver-related laboratory tests with outcome

Odds of death

Odds of ICU admission

Comorbidity
OR™* 959 CI** p OR 959% ClI p
Liver disease 0.689 (0.259, 1.829) 0.6534 0.617 (0.262, 1.456) 0.326
Kidney disease 1.333 (0.795, 2.233) 0.2716 0.623 (0.372, 1.042) 0.877
Cardiovascular disease 1.649 (1.075, 2.528) 0.0264 0.866 (0.602, 1.246) 0.458
Diabetes 1.346 (0.876, 2.067) 0.1794 1.069 (0.727, 1.573) 0.767
Obesity: BMI 230 0.904 (0.577, 1.416) 0.733 1.072 (0.730, 1.575) 0. 768

Patients with abnormal liver laboratory tests on admission

Odds of death

Odds of ICU admission

Laboratory test

OR 959% CI p OR 95% CI p
ALT 0.817 (0.507, 0.316) 0.478 1.460 (0.981, 2.173) 0.077
AST 1.458 (0.938, 2.268) 0.1025 1.778 (1.203, 2.627) 0.0041
ALP 1.372 (0.829, 2.272) 0.225 1.183 (0.749, 1.869) 0.4780
DBIL 2.275 (1.017, 3.953) 0.0014 2.077 (1.325, 3.257) 0.0017
TBIL 2.005 (1.017, 3.953) 0.0488 1.239 (0.641, 2.396) 0.6033
Albumin 1.947 (1.204, 3.151) 0.0069 1.926 (1.278 2.903) 0.0016

Patients with normal admission liver laboratory tests but abnormal peak values

Odds of death

Odds of ICU admission

Laboratory test

OR 95%6 ClI p OR 95% CI p
ALT 1.041 (0.348, 3.119) 1.00 1.923 (0.633, 5.846) 0.290
AST 1.719 (0.429, 6.898) 0.533 2.439 (0.267, 22.291) 0.657
ALP 8.017 (1.235, 12.17) 0.022 15.30 (4.19, 55.86) 7.326e-6
DBIL 2.941 (2.249, 28.58) 0.001 8.123 (2.467, 26.748) 0.0004
TBIL 6.58 (1.731, 25.01) 0.007 3.429 (1.04, 11.302) 0.0571
Albumin Inf*** (Inf, Inf) 0.181 Inf (Inf, Inf) 0.173

*OR, odds ratio; **Cl, confidence interval; ***Inf, infinity. P-values were calculated using Fisher’s exact test for nonrandom association between two categorical vari-

ables.

We found no significant association between pre-exist-
ing liver disease and clinical outcome, consistent with the
findings in a small cohort of 60 patients studied at Massa-
chusetts General Hospital, another academic tertiary care
center.2” In contrast, in a study of 363 patients in a single
healthcare system in Massachusetts with two tertiary care
centers and seven community hospitals, 69 patients with
chronic liver disease had worse outcomes, and cirrhosis was
an independent predictor of mortality.28 In a USA multi-
center study of 2,798 patients, there was also an increased
relative risk of mortality in a subset of 250 with pre-existing
liver disease.?? The overall severity of illness, high mortality
rate, and small number of patients with cirrhosis in our co-
hort may explain the difference. Similar factors may explain
why we did not find a correlation between diabetes mellitus
or obesity with poor outcomes.

Certain liver laboratory test results increased the odds of
a poor clinical outcome. Evidence of liver dysfunction rather
than simply injury, as manifested by an abnormally elevat-
ed DBIL either at the time of admission or during hospitali-
zation in patients who initially had normal liver laboratory
tests, correlated with an increased risk of both ICU admis-
sion and death. At the time of admission, an elevated se-
rum AST, but not ALT, correlated with ICU admission, while

neither correlated with mortality, consistent with a study of
patients in the Yale New Haven Health System.30 Elevated
AST, more so than elevated ALT, may reflect extrahepatic
organ involvement, such as COVID-19-related myocarditis
or other myocardial injury.31

Elevations in serum liver enzyme activities and bilirubin
concentration can occur secondary to systemic infection,
systemic inflammatory response syndrome, or sepsis.32:33
These are likely causes of serum liver laboratory test ab-
normalities in our cohort. This is supported by the fact that
the serum albumin was below normal in 65.9% of patients
on admission and in 93.0% sometime during hospitaliza-
tion. The half-life of albumin in adult plasma is approxi-
mately 3 weeks.34 Therefore, in acute inflammatory states,
the decreasing serum albumin concentration is not due to
defective hepatic synthesis or secretion, but rather capillary
leak, possible kidney dysfunction, or other systemic fac-
tors. While some patients in our cohort may have had pre-
existing chronically low serum albumin, hypoalbuminemia
is strongly associated with systemic inflammatory response
syndrome and sepsis.3%36 The finding that an abnormal
ALP and or DBIL during hospitalization increased the risk
of death in patients who had normal liver laboratory test
results on admission could also reflect the development of
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every patient’s individual change from their admission value, with error bars representing the 95% confidence interval of each point estimate. Outliers were defined
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extreme values.

sepsis, given its association with cholestasis.32

The most common pattern of ALT and ALP elevations on
hospital admission suggested cholestatic or mixed liver inju-
ry. Only 6.6% of patients had a pattern suggestive of purely
hepatocellular injury on admission. We characterized the in-
jury pattern using the R factor, a metric originally developed
for drug-induced liver injury and not widely validated in other
situations. However, an American College of Gastroenterol-
ogy Clinical Guideline has recommended that it be used more
broadly to characterize abnormal liver chemistries.3” When
computing the R factor with AST instead of ALT, we found
that in 352 patients with an abnormal AST and/or ALP on
admission, 36.1% had a cholestatic injury pattern, 45.4%
mixed, and 18.5% hepatocellular. However, the R factor has
only been validated for use with ALT and would thus require
further study to validate its use with AST in place of ALT. AST
is also more likely than ALT to arise from non-hepatic sources
such as striated muscle. Cholestatic or mixed injury raises
the suspicion that SARS-CoV-2 could infect cholangiocytes,
as suggested in preliminary studies,* and supported by data
from the mouse Gene Expression Database3® showing that
Ace2 is expressed in the biliary system. Nonetheless, this
theoretical mechanism of cholestatic liver injury in COVID-19
remains unproven. Another potential cause of cholestatic and
hepatocellular injury in hospitalized patients is drug toxicity.
However, we were unable to establish associations of liver
laboratory test abnormalities to specific drugs given the myr-
iad agents administered at different times. In contrast to our
findings of primarily cholestatic liver injury, a study from Italy
reported that the predominant liver injury in patients with
COVID-19 is hepatocellular, using vague criterium of “pre-
dominantly raised” ALT and AST.3°

We identified a subset of 21 patients with COVID-19 who
developed severe hepatocellular injury, defined as an ALT
>10 times the ULN. We realize that this cutoff is subjective
and selected it in order to isolate and study the patients suf-
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fering from a severe acute liver injury, indicated by massive
amounts of hepatocyte death, as measured by a highly el-
evated serum ALT. Other authors have also suggested ALT
>10 times the ULN as “severe” or “marked.”%-41 Of the pa-
tients that suffered severe hepatocellular injury, 81% were
intubated and 43% died. In a few of these cases, we iden-
tified hypotension along with evidence of sepsis and acute
renal failure, suggesting ischemic hepatitis secondary to
shock as the etiology of liver injury. However, hypotension
is documented in only approximately half of patients with is-
chemic hepatitis, with cardiac failure, sepsis, and respiratory
failure accounting for most cases.*%42 Indeed, the term hy-
poxic hepatitis is often used alternatively to emphasize that
the liver injury may be due to decreased oxygen delivery to
hepatocytes rather than solely low blood perfusion.®-42-44
There has been considerable heterogeneity in geographic
location, sample sizes, and patient populations among pre-
vious studies of the liver in patients infected with SARS-
CoV-2 (Supplementary Table 1). Some included only hospi-
talized patients, while others also included outpatients and
those discharged from emergency rooms. Our results on
the prevalence of liver laboratory abnormalities with COV-
ID-19 are similar to a study of 1,827 patients in the Yale
New Haven Health System,3° and another study of 2,780
patients across 34 health care organizations in the United
States.?® They surprisingly differ, however, from those re-
ported in another study of inpatients and outpatients in New
York City, which did not find TBIL or ALP elevations to be
common and did not observe any clinically significant acute
liver injury.*> This may be because approximately 27% of
the patients in that study were not hospitalized. In a cohort
of 60 patients in Boston, ALP and TBIL elevations were also
reported to be rare; however, 17% of patients developed
serum aminotransferase activities more than 5 times the
ULN.27” A meta-analysis of international data showed that
the pooled prevalence of elevated serum aminotransferase
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Fig. 5. Trends of mean arterial pressure, aminotransferase activities, TBIL, and serum creatinine over the first 14 days of hospitalization in three rep-
resentative patients that suffered severe hepatocellular injury. Severe hepatocellular injury was defined as an ALT activity greater than 10 times the upper limit
of normal. Day O represents the date of admission, and each value was computed as the mean of all laboratory test results documented on that day of hospitalization.

activities in patients with COVID-19 was approximately
15.0%, with higher percentages reported from countries
outside of China.® In one cohort of 115 hospitalized patients
with COVID-19 in Wuhan, China, only 9.57% had an abnor-
mally elevated ALT, 14.8% an elevated AST, and 5.2% an
elevated ALP on admission; however, closer to our findings,
9.69% had an elevated TBIL and 54.8% a low albumin.46 In
329 patients hospitalized with COVID-19 in Italy, 58% had
abnormalities in liver function tests and this correlated with
a higher risk transfer to an ICU or death.3°

Our study, as others like it, had limitations. We used a
retrospective observational cohort design with inclusion re-
stricted to patients hospitalized at a single medical center
with an encounter diagnosis of COVID-19. This excluded
some patients that may have tested positive for SARS-
CoV-2 but did not have any symptoms of COVID-19. Further
study of liver injury in a broader group of all patients that
test positive for SARS-CoV-2 is warranted. Our study also
included only a small number of patients with pre-existing
liver disease. Daily laboratory tests were not obtained in
many patients, hindering our ability to trend results in some
over their entire hospital course. We had minimal past med-
ical history for many patients who accessed our healthcare
system for the first time. Finally, although we restricted our
inclusion criteria to patients with an encounter diagnosis
of COVID-19, factors such as comorbidities, simultaneous
illnesses, and medications could have contributed to labora-
tory test results and outcomes.

Our results confirm that liver laboratory test abnormali-
ties are common in hospitalized patients with COVID-19,
some of which are associated with ICU stay or mortality.

While our data cannot exclude direct SARS-CoV-2 infection
of the liver as a cause of injury, they are consistent with
secondary hepatic involvement from systemic inflamma-
tory response syndrome, sepsis, or ischemic hepatitis. The
mechanisms of liver injury in patients with COVID-19 are
therefore most likely similar to what occurs in many other
critically-ill patients.32.33.47,48
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Abstract

Biliary tract cancers (BTCs) comprise a group of hetero-
geneous poor prognosis cancers with increasing incidence
recent years. The combination chemotherapy with cispla-
tin and gemcitabine is the first-line therapy for advanced
BTC. There remains no accepted standard treatment in the
second-line setting. Nowadays, more and more novel treat-
ment strategies have entered development, with some en-
couraging results being seen. Here, we review the current
treatment status and clinical characteristics of BTC, the role
of immunotherapy in BTC as well as the design of clinical
trials for oncology drugs for BTC which aim to focus on the
future profiles of clinical care and resolution of BTC.

Citation of this article: Xue R, Li R, Wang J, Tong W, Hao
J. Horizons on the therapy of biliary tract cancers: A state-
of-the-art review. J Clin Transl Hepatol 2021;9(4):559-567.
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Introduction

Biliary tract cancer (BTC) is a kind of malignant tumor arising
from epithelial cells of the biliary system. According to differ-
ent origins, it is divided into intrahepatic cholangiocarcinoma
(ICC), perchilar/hilar cholangiocarcinoma (PCC), extrahepat-
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ic cholangiocarcinoma (ECC) and gallbladder cancer (GBC).t
The histology of BTC is mainly adenocarcinoma. Surgery is
the only curable technique available for BTC. However, more
than 65% of patients with BTC are unable to undergo radical
surgical resection when they are discovered, with a 5-year
survival rate of about 5-15% and a recurrence rate of 67%
in 1 year after operation.?:2 In the absence of surgery, BTC is
not sensitive to traditional chemotherapy. Gemcitabine plus
cisplatin (GC) is the first-line standard chemotherapy for ad-
vanced BTC.2 Morizane et al. confirmed that gemcitabine plus
S-1 (GS) is not inferior to GC in terms of overall survival rate,
and recommended GS as a new choice for first-line treatment
of BTC.# However, the survival benefits of chemotherapy with
either GS or GC are still limited, and the median survival time
is only about 12 months. Therefore, it is urgent to develop
new clinical strategies for the treatment of BTC.

Current treatment status and clinical characteristics
of BTC

GBC

GBC is the most aggressive and most common type of BTC,
and the majority of cases represent adenocarcinomas. Its
incidence increases with age, and the incidence in women is
higher than that in men, especially for white women. GBC
generally occurs locally, easily invades blood vessels, and
is prone to local or extensive lymph node metastasis and
distant metastasis. The clinical manifestations are similar to
biliary colic or chronic cholelithiasis, so it is usually discov-
ered at an advanced stage when it is diagnosed. Based on
the data from 177 patients who underwent potentially cura-
tive resection (GBC: n=97; PCC: n=80), the median time to
disease recurrence was shorter for patients with GBC com-
pared with patients with PCC (11.5 vs. 20.3 months; p=
0.007). In total, 52 (68%) of the patients with PCC and 53
(66%) of the patients with GBC had disease recurrence at a
median follow-up of 24 months. It was indicated that com-
pared with PCC, patients with GBC have a shorter median
survival time and are prone to recurrence; the survival time
after recurrence is shorter as well.5

For patients with jaundice, if GBC is suspected, surgery
must be done for the purpose of treatment. It is recom-
mended that multidisciplinary consultations evaluate the
possibility of surgery first. The assessment should include
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Table 1. The summary the surgical/non-surgical treatment plans for different types of BTC

BTC Resectable Unresectable
type
GC Cholecystectomy GC combination therapy
+ en bloc hepatic resection Fluoropyrimidine-based or other gemcitabine-
+ lymphadenectomy based chemotherapy regimen
=+ bile duct excision for malignant involvement EBRT with concurrent fluoropyrimidine
Radiation therapy
Clinical trial
Best supportive care
Pembrolizumab (only for MSI-high/MMR defect tumors)
ICC Consider staging laparoscopy GC combination therapy
Resection Clinical trial
Consider lymphadenectomy Fluoropyrimidine-based or other gemcitabine-
for accurate staging based chemotherapy regimen
EBRT with concurrent fluoropyrimidine
Consider locoregional therapy
Radiation therapy
Arterially directed therapies
Best supportive care
Pembrolizumab (only for MSI-high/MMR defect tumors)
ECC Surgical exploration GC combination therapy

Consider laparoscopic staging
Consider preoperative biliary drainage
Multidisciplinary review

Clinical trial

Fluoropyrimidine-based or other gemcitabine-

based chemotherapy regimen

EBRT with concurrent fluoropyrimidine

Radiation therapy

Pembrolizumab (only for MSI-high/MMR defect tumors)
Best supportive care

cholangiography to determine the degree of tumor invasion
to the hepatobiliary system, with non-invasive magnetic
resonance cholangiography (MRCP) being preferred and the
second choice being endoscopic retrograde cholangiopan-
creatography (ERCP) or percutaneous transhepatic cholan-
giography (PTC).6

For operable patients, biliary drainage should be consid-
ered before surgery. Cholecystectomy, hepatectomy and
lymph node dissection with or without bile duct resection
are performed, combined with adjuvant treatment and
monitoring after surgery. It is worth noting that GBC with
jaundice usually indicates a poor prognosis, so the possibil-
ity of surgery needs to be carefully evaluated.” For inoper-
able patients, biliary drainage should be performed before
chemotherapy. The chemotherapy regimen can involve GS,
fluorouracil or gemcitabine-based chemotherapy, combined
with radiotherapy, clinical trials and supportive care.

ICC

Patients with ICC usually have no specific clinical manifesta-
tions and generally do not have symptoms of bile duct ob-
struction. They are often found incidentally due to a solitary
mass on the liver being found upon imaging examination.
Although most patients are diagnosed with advanced dis-
ease and are not suitable for surgery, complete resection is
still the only curative method for patients with ICC.

For isolated intrahepatic masses, if the imaging exami-
nation findings are consistent with adenocarcinoma, it is
recommended to conduct a multidisciplinary assessment
immediately to determine the possibility of surgery. For op-
erable patients, the presence of multiple liver lesions, lymph
node metastasis or distant metastasis should be evaluated
before surgery, since lymph node metastasis and distant
metastasis beyond the hepatic hilar are contraindications to
surgical resection. Partial hepatectomy is the surgical op-

tion, and while hepatectomy is usually performed, as long
as the margin is negative, liver wedge resection, segmen-
tectomy and extended resection can also be considered. It
is worth noting that hilar lymph node dissection is reason-
able, because it can not only provide staging information
of cholangiocarcinoma but also assess the prognosis to a
certain extent. However, lymph node metastasis to the hilar
is usually related to a poor prognosis, and resection must
be performed on highly specific patients. Patients should
receive adjuvant treatment and monitor changes in their
condition after surgery. For inoperable patients, GC chem-
otherapy, clinical trials, fluorouracil or gemcitabine-based
chemotherapy, fluorouracil chemotherapy and radiotherapy,
local treatment and supportive treatment could be used.

The tumor size of ICC has no significant effect on the
survival rate after surgery. The influential factors include
the number of tumors, vascular invasion and the status of
lymph nodes. Furthermore, the number of tumors and vas-
cular invasion only have guiding significance at NO.8

ECC

Patients with ECC often have symptoms of bile duct ob-
struction, such as jaundice, pain, and abnormal liver func-
tion, followed by abnormal lesions on imaging examination.
The radical treatment for ECC is to completely remove the
lesion and ensure that the margin is negative. The 5-year
survival rates for hilar cholangiocarcinoma and distal chol-
angiocarcinoma undergoing radical resection are 20-40%
and 16-52%, respectively.® When the above-mentioned
clinical manifestations occur, it is recommended to conduct
a multidisciplinary assessment immediately to determine
whether there is a possibility of surgery.

The radical treatment for extrahepatic cholangiocarcino-
ma involves complete removal of the lesion and provision
of negative resection margins. The 5-year survival rates
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Fig. 1. Cancer immunotherapy approaches in BTC.

of hilar cholangiocarcinoma and distal cholangiocarcinoma
undergoing radical resection are 20—-40% and 16-52%, re-
spectively.® In the presence of the above clinical manifesta-
tions, a multidisciplinary assessment is recommended im-
mediately to determine the possibility of surgery.

For nonoperative patients, biliary drainage is recommend-
ed, referral to a transplant center if suitable for transplanta-
tion, or needle biopsy if not, followed by GC chemotherapy,
clinical trials, fluorouracil or gemcitabine-based chemo-
therapy, fluorouracil radiotherapy, and supportive care. For
operable patients, preoperative laparoscopic determination
of staging and biliary drainage can be considered. For non-
resectable patients found after intraoperative exploration,
the treatment is the same as above. For resectable patients,
surgical treatment can be performed, and postoperative
adjuvant treatment and monitoring can be performed. For
patients with metastases, it is recommended to use surgi-
cal bypass or endoscopy (such as ERCP) or percutaneous
methods (such as PTC) for biliary drainage. Most patients
often receive biliary stent implantation and biopsy at the
same time. After the diagnosis of cholangiocarcinoma, the
treatments are GC combined with chemotherapy, clinical
trials, fluorouracil or gemcitabine-based chemotherapy and
supportive care.l© Table 1 summarizes the surgical/non-
surgical treatment plans of different types of BTCs.1!

Will immunotherapy become a “savior” for BTC?

With the rapid development and cross-penetration of oncol-
ogy, immunology, molecular biology and other related dis-
ciplines, immunotherapy has become an emerging research
focusing on cancer treatment. Tumor immunotherapy began
about 100 years ago, when Coley et al.12 discovered that
the application of streptococcus and Staphylococcus aureus
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toxins, later called Coley toxins, could control the growth of
certain cancers. In the late 1980s, with the mature applica-
tion of in vitro cell culture technology, lymphokine activated
killer cells (LAKs) and tumor infiltrating lymphocytes (TILs)
in clinical application, combined with chemotherapy and ra-
diation treatment, obviously improve the curative effect of
patients with cancer.

In the 21st century, medical science has continued to ad-
vance, and new cellular immunotherapy technologies have
been developed rapidly. On April 29, 2010, the USA Food
and Drug Administration (FDA) approved dendritic cells to
treat advanced prostate cancer. This historic breakthrough
enabled this treatment technology, that had undergone 15
years of lengthy clinical research, to enter into the clinical
application stage.l® Immunotherapy has become another
important antitumor treatment after surgery, radiotherapy
and chemotherapy, and it has been the hope of conquering
malignant tumors (Fig. 1).

Potential benefit mechanisms of immunotherapy in
BTC

Tumor cells survive and grow in the process of the body’s
antitumor immune response through an immune escape
mechanism. Moreover, immunotherapy can kill tumor cells
by activating and enhancing the body’s antitumor immune
response. At present, immunotherapy has been demon-
strated to have definite effects in the treatment of various
cancers, including melanoma, renal cell carcinoma and non-
small cell lung cancer.14-16 Chronic inflammation is known
to promote tumor development in a number of ways and
ultimately lead to immunosuppressive status in the tumor
microenvironment. Inflammation also plays a key role in the
occurrence and development of BTC, such as viral hepatitis,
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primary sclerosing cholangitis, biliary inflammation caused
by parasites or stones, etc., which are all the risk factors for
BTC.17 Therefore, it is speculated that chronic inflammation,
antitumor immune response and immunosuppressive state
in tumor microenvironment may have an interaction rela-
tionship in BTC, and immunotherapy could be a potential
choice for the treatment of BTC (Fig. 1).18

In addition, a large number of studies have confirmed
that infiltration of different immune cell subsets, includ-
ing lymphocytes, macrophages, dendritic cells and granu-
locytes, can promote or inhibit tumor progression and/
or metastasis in the tumor microenvironment of BTC.19:20
Studies showed that the survival time of patients with high
expression of immune-activating factors (CD4+, CD8+,
Foxp3+T cells, MHC-I presenting cells, and NKG2D cells)
was significantly higher than that of patients with low ex-
pression (hazard ratio [HR]: 0.52, p<0.001). In contrast,
high expression of immunosuppressive factors (CD66b+
neutrophils, neutrophil-lymphocyte ratio, intratumoral IL-
17+ cells, and PD-1+/CD8+TILs) was significantly associ-
ated with poor prognosis (HR: 1.79, p<0.001).2! A study
of ECC also found some similar conclusions; high expres-
sion of CD66b+ tumor-associated neutrophils (p=0.01), low
expression of CD8+T cells (p=0.02), and high expression
of Foxp3+ regulatory T cells (p=0.04) were all significantly
associated with poor prognosis.?2 These studies further pro-
vide a theoretical basis for immunotherapy as a novel treat-
ment for BTC. However, tumor-associated neutrophils and
tumor-associated macrophages in the immune microenvi-
ronment have not yet become therapeutic targets in clinical
trials of cholangiocarcinoma.

Immunocheckpoint inhibitors

Immunocheckpoint is an inhibitory signaling pathway that
inhibits excessive inflammation in the body by modulat-
ing the autoimmune response. When a tumor appears,
activation of the immune checkpoint can inhibit the acti-
vation and proliferation of T lymphocytes and induce the
apoptosis of T lymphocytes, so that tumor cells can escape
the immune response and increasingly reproduce. Block-
ing immune checkpoints can promote the activation of T
lymphocytes and trigger antitumor immune response, SO
as to achieve the purpose of treating tumors.?® The main
targets of the present study are programmed cell death-1
(PD-1)/programmed death-ligand 1 (PD-L1) and cytotoxic
T-lymphocyte-associated antigen 4. Others include lympho-
cyte activation gene 3 and T lymphocyte immunoglobulin
myxin-3. PD-1 is an immunosuppressive transmembrane
protein expressed on the surface of T lymphocytes, and PD-
L1 is a PD-1 ligand induced by pro-inflammatory cytokines
in tumor cells. In the tumor microenvironment, PD-L1 ex-
pressed by tumor cells can induce T lymphocyte failure
through binding to PD-1, thus inhibiting the immune re-
sponse of the body. Protein antibodies designed for PD-1/
PD-L1 can block the recognition process of PD-1 and PD-L1
and restore the immune response of the body to achieve the
therapeutic purpose. At present, PD-1/PD-L1 antibody has
been used in the first-line treatment of non-small cell lung
cancer, Hodgkin’s lymphoma and other cancers.24

Potential benefit groups

Tumor mutation burden (TMB)

Studies have shown that PD-1 antibody has better im-
mune response and antitumor effect in BTC patients with
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high TMB.25:26 Lenvatinib is a multikinase inhibitor, mainly
targeting vascular endothelial cell growth factor receptor,
while pembrolizumab and nivolumab are both FDA-ap-
proved PD-1 inhibitors for a variety of advanced tumors.
The antitumor activity of these three drugs alone has been
evidenced in clinical trials. In the 2018 ASCO-GI, there was
a single-center phase 2 study of lenvatinib combined with
PD-1 monoclonal antibody (pembrolizumab or nivolumab)
in the treatment of advanced ICC, which included a total
of 14 patients who failed advanced multi-line therapy. The
median progression-free survival was 5.0 months. Through
the further stratified analysis of the sequencing results, a
high TMB value (=12) was found to be strongly correlated
with better treatment response and longer progression-free
survival time, suggesting that TMB may be used as a char-
acteristic marker for judging prognosis.?”

Mismatch repair (MMR) function

Microsatellite instability (MSI) refers to the phenomenon
of changes in the length of tandem repeat DNA sequenc-
es caused by insertion or deletion mutations during DNA
replication, often caused by MMR defects. MMR function is
an important DNA repair mechanism that can accurately
identify and repair base mismatches generated during DNA
replication or recombination, and plays an important role
in maintaining genome stability. MMR dysfunction is an ab-
normality in the MMR repair mechanism, which is generally
highly consistent with MSI. It has been well demonstrated
that MMR defects can cause immune cells to respond to
cancer and that they can be used as a biomarker for PD-1
immunotherapy. However, most patients with cholangio-
carcinoma do not have any mutations that can be used as
therapeutic targets, which means that this is a typical highly
immune-resistant cancer.

Studies have shown that patients with DNA MMR/MSI-
high may represent the dominant-benefit population for
BTC immunotherapy, and the incidence of MSI-high in BTC
is 3%. Le et al.?8 reported the efficacy of pembrolizumab
in solid tumors of DNA MMR in 86 patients with 12 tumor
types and achieved an objective response rate of 53%. That
study included four cases of cholangiocarcinoma, one case
of complete remission, three cases of stable disease, and
100% disease control rate.

In May 2017, the USA FDA accelerated the approval of
pembrolizumab for the treatment of MSI-high or DNA MMR
refractory unresectable or metastatic solid tumors. It was
the first drug that relied solely on specific genetic charac-
teristics for treatment. The National Comprehensive Cancer
Network guidelines also recommend PD-1 monoclonal anti-
body for BTC patients with MSI-H.

PD-1/PD-L1-positive expression

According to the immunohistochemical analysis of BTC pa-
tients, 32.3% of tumor cells and 74.2% of tumor-related
macrophages can be observed to have positive expression
of PD-L1, and the expression of PD-L1 is related to infil-
trating lymphocytes, TILs) and human leukocyte antigen
class I, and up-regulated PD-1/PD-L1 in BTC patients usu-
ally means worse overall survival.?® In addition, the high
expression of PD-L1 and the loss of human leukocyte anti-
gen expression in BTC provide the basis for immune escape
of tumor cells, which leads to worse prognosis and faster
disease progression.3° In the multicohort Ib study of KEY-
NOTEO28 reported by the “ESMO” in 2019, pembromizumab
(PD-1 monoclonal antibody) was used to treat advanced BTC
with positive PD-L1 (>1%), and 42% (37/89) patients were
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found to have positive PD-L1 expression (>1%). Among the
23 patients evaluated for curative effect, 4 cases were par-
tially relieved, objective response rate was 17% (4/23), and
4 cases were stable. The results showed that the effective
rate of immunotherapy for cholangiocarcinoma was similar
to other solid tumors, close to the average, and had good
tolerance.3! In 2019, the ASCO reported that nivolumab
alone or combined with GC was used to treat unresectable
or recurrent cholangiocarcinoma. Moreover, 30 patients
were enrolled in the single-drug group and combined-drug
group respectively. Subgroup analysis showed that the
median overall survival of patients with PD-L1 >1% in the
single-drug group was better than that of patients with PD-
L1 <1%. However, the relationship between the expression
of PD-L1 and overall survival in the combined-drug group
is still unclear.3? In the 2020 ESMO, an open-label, one-
arm, phase Il clinical trial evaluated the survival benefits of
chemotherapy with treprazolam, lamivudine combined with
oxaliplatin and Gemox for unresectable advanced ICC pa-
tients. A total of 30 patients were included, and the results
showed that PD-L1 protein expression was significantly
positively correlated with objective response rate. Specifi-
cally, PD-L1+ vs. PD-L1- showed objective response rates
of 100% vs. 68.8% (p=0.048) (NCT 03951597; Abstract
No. 56P). It is noteworthy that the KEYNOTE-158 study re-
ported in the 2019 ASCO, a phase 2 study, evaluated the
antitumor activity and safety of pembrolizumab against ad-
vanced cholangiocarcinoma. A total of 104 patients were in-
volved, and 6 patients were partially relieved, with objective
response rate of 5.8%, median progression-free survival of
2 months and median overall survival of 9.1 months. This
study found that pembrolizumab showed certain antitumor
activity and controllable toxicity in patients with advanced
BTC, regardless of the combined positive score of PD-L1.33

A clinical meta-analysis of 16,176 tumor patients, includ-
ing those with BTC, showed that PD-L1 expression levels
varied greatly in different tumor types; overall PD-L1 ex-
pression was associated with poor disease-free survival and
overall survival was significantly positively correlated.34
From this, we can speculate that the antitumor effects of
PD-1/PD-L1 antibodies in different subtypes of BTC may
also be significantly different. Therefore, in the future, more
studies should be carried out with different types of BTCs to
further clarify the relationship between the positive expres-
sion of PD-1/PD-L1 and the efficacy of BTC immunotherapy.

Insertion deletion variation

Studies have reported that two BTC patients with insertion
deletion variation that was significantly higher than the me-
dian level (48% and 66.84% respectively, with a median
level of 12.77%) were completely relieved after receiving
PD-1 antibody combined with chemotherapy. Therefore, it
is speculated that high-level insertion deletion variation can
produce more tumor-specific antigens, and then express
higher affinity with MHC class I. The high level of inser-
tion deletion variation is a predictive factor for the good
response of PD-1 treatment of BTC patients.35

Safety assessment

There are few reports on the adverse reactions of PD-1 an-
tibody during BTC treatment. In the 2019 ASCO, there was
a phase 2 study of nivolumab in the treatment of patients
with advanced refractory BTC, in which nivolumab was used
after at least first-line but no more than third-line system-
atic treatment. The most common treatment-related ad-
verse events were elevated alkaline phosphatase (24.5%),

and the common grade 3 to 4 adverse reactions were hy-
ponatremia (3 cases) and elevated alkaline phosphatase (2
cases).32

Combination therapy-future development direction

At present, clinical trials using PD-1/PD-L1 antibody to ac-
tivate the antitumor immune response to treat BTC has
been carried out gradually. Combination therapy will be
the main trend in the future. However, the efficacy of com-
bination therapy remains controversial. A phase 1 study
of the safety and efficacy of ramucirumab combined with
pembrolizumab in patients with advanced BTC showed no
significant improvement in overall survival with only 4%
objective response rate, 1.6 months for median PFS, and
6.4 months for overall survival. However, the study found
that PD-L1-positive patients had better overall survival than
PD-L1-negative patients, which suggested that the baseline
characteristics of patients may affect treatment efficacy. It
is key to select the group reasonably.

In April 2020, the American Cancer Society online meet-
ing announced a new study. That study is a multicenter,
randomized phase 11 trial to explore the combination of PD-
L1 monoclonal antibody (atrizizumab) and MEK inhibitor.
In addition, the efficacy of cobimetinib is being assessed
in the treatment of BTC. A total of 77 patients who had
previously undergone one to two lines of treatment were
included. For group A (n=37, ICC=21, ECC=7, GBC=11),
aterizumab (840 mg, g2w) were injected intravenously.
For group B (n=38, ICC=22, ECC=8, GBC=8) daily oral
cobitinib (60 mg, taken for 21 days/7 days off) combined
with intravenous aterizumab (840mg, q2w) were adminis-
tered. Initial results of group B vs. group A include median
progression-free survival of 3.65 months vs. 1.87 months
(0.027), disease control rate of 45.2% vs. 32.4%, including
one case of partial response (3.2%) in group B and 13 cases
of stable disease (41.9%). As for the adverse reactions, the
two groups had similar grade 3—4 treatment-related ad-
verse events, and no treatment-related deaths. Atrizizumab
combined with cobitinib reached its primary endpoint and
significantly prolonged progression-free survival. The toxic-
ity is controllable and worthy of further study in BTC.

Keynote-966 is a randomized, double-blind, placebo-con-
trolled phase 111 study designed to investigate the treatment
of patients with advanced cholangiocarcinoma with papoli-
zumab combined with GC. This study includes metastatic
or non-resectable local BTC patients who have not received
systematic treatment. Patients are randomized 1:1 (n=788)
to the pembro+GC and placebo+GC groups. The primary
endpoints are progression-free survival and overall survival,
and the secondary endpoints were objective response rate
and duration of response. The final results will be released
soon, but it is known that some positive results have been
obtained thus far. Combination therapy will become the ex-
ploration trend of BTC in the future.

In January 2021, the American Cancer Society online
meeting, the multicohort phase 11 LEAP-005 study showed
the data of lenvatinib plus pembrolizumab for patients with
previously treated BTC. Thirty-one BTC patients were in-
cluded in this study (partial response: n=3; stable disease:
n=18). objective response rate was 10% (95% confidence
interval: 2—26) and DCR was 68% (95% confidence inter-
val: 49-83). The median DOR was 5.3 months. The median
PFS was 6.1 months (95% confidence interval: 2.1-6.4).
The median OS was 8.6 months (95% confidence interval:
not reported-5.6). Lenvastinib combined with pablizumab
has shown encouraging efficacy and manageable toxicity in
patients with advanced BTC who have previously received
first-line treatment.3
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Advantages of immunotherapy

The treatment effect of “immunoinflammatory” tumor is
good, and the long-term survival rate is significantly im-
proved. The treatment initiates the body’s immune system
to restore immune function and kill tumor cells over a long
term. Meanwhile, it can also restore and improve the body’s
immune function, fully identify, search for and kill tumor
cells, and effectively prevent tumor recurrence and metas-
tasis. Moreover, the side effects are less than the traditional
treatment. All in all, immunotherapy has a high accuracy,
specificity and targeting of immune system.37

Existing problems

Although immune checkpoint inhibitors based on PD-1/PD-
L1 antibodies have some effectiveness in the treatment of
BTC, they are still faced with problems, such as low ob-
jective response rate and drug resistance. How to select
the target group and control the timing of immunotherapy
combination, such as sequential, intermittent, continuous,
and the interval between the therapy. All these questions
require further exploration. In addition, although cur-
rent studies have confirmed the partial effectiveness and
short-term safety of PD-1/PD-L1 antibody in the treatment
of BTC, immune checkpoints are the normal physiological
functions of the human body. It is still unclear whether the
artificial suppression of immune checkpoints to enhance the
body’s immune response will cause long-term chronic tissue
and organ immune loss and autoimmune diseases. At the
same time, the specific mechanism of signal transduction of
immunosuppressive pathway including PD-1/PD-L1 and the
interaction with the tumor microenvironment are not yet
fully clear. Future research directions should also focus on
the above aspects.

Adoptive cell transfer (ACT) therapy

ACT refers to the isolation of immunocompetent cells from
tumor patients, which are amplified in vitro and then re-
turned to the patient’s body, so as to achieve the purpose
of stimulating the body’s immune response or directly kill-
ing tumor cells. ACT therapy is currently divided into two
categories, namely non-specific cell therapy (including cy-
tokine-induced killer (CIK) therapy, TlLs, etc.) and specific
cell therapy (including T lymphocyte receptor chimeric T
lymphocyte (TCR-T), chimeric antigen receptor T lympho-
cyte (CAR-T), etc.).38

Nonspecific cell therapy

CIK is a class of fast growing high-efficiency immune ef-
fector cells that are not restricted by MHC. The combina-
tion culture of dendritic cells that recognizes antigens and
activates the immune system and CIK with highly effective
anticancer activity has been used in clinical trials for tumor
therapy.

It has been well demonstrated that CIK can delay tumor
progression in a variety of solid tumors, including gastroin-
testinal malignancies. A clinical study involving 72 patients
with advanced BTC who received adoptive treatment with
dendritic cell-CIK showed that there were 1 complete re-
sponse, 25 partial response, 34 stable disease, 12 progres-
sive disease, and disease control rate of 83.3%. Nine cases
(12.5%) of low-grade fever occurred, which were relieved
after symptomatic treatment, no other adverse reactions
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were seen, indicating high safety. In addition, IL-6 and se-
rum CA199 levels decreased significantly after receiving
treatment. The percentages of CD8+CD38+T, CD8+DRT
cells and CD3-CDL5+CD56+T and CD3+CDI6+CD56+T
cells were significantly increased.39

TIL is a heterogeneous lymphocyte population in tumor
stroma, including T lymphocytes and natural killer cells,
which directly kills tumor cells by regulating the immune
function of the body and releasing cytotoxins. Through im-
munohistochemical analysis of 375 cases of BTC patients,
some studies found that TIL infiltration of different degrees
could be observed in about half of the patients. The level of
TIL infiltration was closely related to tumor grade and over-
all survival. A high level of TIL infiltration often predicted
better overall survival.4© A number of studies have shown
the potential prospects of TIL adoptive therapy for BTC. A
randomized controlled study showed that the 5-year pro-
gression-free survival and overall survival of the experimen-
tal group combined with TIL adoptive therapy and dendritic
cell vaccine treatment were significantly higher than those
of the control group that only underwent surgical resec-
tion (the experimental group progression-free survival and
overall survival were respectively 18.3 and 31.9 months,
while the control group showed 7.7 and 17.4 months re-
spectively).4?

Specific cell therapy

CAR-T and TCR-T used genetic engineering technology to
genetically modify ordinary T lymphocytes in tumor pa-
tients. The modified T lymphocytes can express specific
receptors and recognize specific tumor cells without MHC
presentation, which can induce strong antitumor immune
response without toxicity to normal cells.

Although there have been no reports of effective treat-
ment of BTC using CAR-T and TCR-T, studies have shown
that CD19 antigen-specific CAR-T technology produces
sustained disease remission in clinical trials for the treat-
ment of adult and childhood B lymphocytic leukemia and
lymphoma. In addition, CAR-T and TCR-T technologies have
also achieved certain results in the treatment of malignant
melanoma, breast cancer, liver cancer, prostate cancer, lung
cancer, and colorectal cancer.

Compared with non-specific cell therapy, CAR-T and TCR-
T have the characteristics of specific killing of tumor cells
and stronger immune effect, which have become hot spots
in the field of ACT therapy. However, there is still a lack
of breakthrough progress. Chinese researchers used CAR-T
therapy targeting EGFR and CD133 for patients with meta-
static cholangiocarcinoma and achieved partial remissions,
lasting 8.5 months and 4.5 months respectively. However,
the damage caused by CAR-T cell infusion cannot be ig-
nored.4?

Most of the existing studies believe that T lymphocytes
injected by CAR-T and other exogenous agents failed and
impaired effector function after entering the body, which
may be due to adaptability of T lymphocytes and immuno-
suppressive state of the tumor microenvironment. How to
ensure the accurate homing of T lymphocytes from periph-
eral blood infusion to the local solid tumor, break through
the immunosuppression of tumor microenvironment, infil-
trate into the tumor and ensure the continuous expansion of
T lymphocytes so as to play a killing role are still difficulties
currently. Furthermore, so far, studies of CAR-T cells have
focused more on enhancing its function, but in almost all
clinical trials there have been adverse reactions (such as cy-
tokine release syndrome and neurotoxicity), and some may
be fatal. With the transformation of CART cells, adverse re-
actions may increase, so the toxicity control of CART cells is
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a problem that cannot be ignored.

Prospective considerations

The application of immunotherapy in the treatment of BTC
has achieved initial results. Existing studies have shown
that immunotherapy can improve the immune function and
quality of life of patients with advanced BTC, and have some
survival benefits to a certain extent. However, current re-
search is mostly limited to small samples and lack of large
sample, high-quality prospective randomized controlled tri-
als. With the advent of the era of precision medicine and
the in-depth understanding of BTC from the molecular level,
the selection of specific treatment options for BTC patients
in different populations and subtypes is the key to immuno-
therapy in the future. The combined application of multiple
immunotherapies or immunotherapy combined with chemo-
therapy, targeted therapy and other treatment methods are
also the focus of future research.

Design of clinical trials for oncology drugs in BTC

Drug therapy is an important means of tumor treatment,
and the development of new antitumor drugs is an urgent
clinical requirement in the world. Among them, clinical trials
are the fastest, safest and most effective way to find new
antitumor drugs and provide the optimal treatment for a
cancer patient. However, since there is no human data and
experience before the new drug enters the clinical trial, the
clinical evaluation is full of unknown risks and challenges.*3

In recent years, the level of clinical trials on new anti-
tumor drugs has significantly improved. We reviewed the
anti-cancer drug clinical trials registered on the USA clini-
cal trial website in 2019. There were 238 ongoing oncology
phase | clinical trials in mainland China. Among them, there
were 160 solid tumor trials and 78 hematological malignant
tumor trials. In terms of the total number of phase | clinical
trials in oncology, there were 44 in Japan and 28 in South
Korea in Asia. There were 327 ongoing oncology-related
phase | clinical trials in Europe in 2019, of which 62 were
from Spain (ranking first), followed by 50 from France, 41
from the UK, 25 from Italy, and 19 from Germany. There
were 675 tumor-related phase | clinical trials in the USA
in 2019. In the context of global accelerated research and
development of innovative drugs, how the design of clinical
trials of BTC is a topic worthy of attention.

Application of phase zero clinical trials in clinical
research of antitumor drugs

In order to guide the rapid development of innovative drugs
and control the clinical risks in the development of new
drugs, the European Medicines Agency (EMEA) and the FDA
issued respectively in 2004 and 2006 “new exploratory re-
search guiding principle”, put forward before the traditional
| stage of clinical trials in the concept of zero phase of clini-
cal trial, and a series of meaningful results are obtained.
The phase zero clinical trial refers to a drug trial conduct-
ed by the developer using a micro-dose on a small num-
ber of healthy volunteers or patients (usually 6—15 people)
before the active compound is formally entered into the
clinical trial after the pre-clinical trial is completed, and the
necessary relevant information is collected. The test data
of drug safety and pharmacokinetics to evaluate whether
the research and development drug has the possibility of
further development as a new drug or biological agent. It is

the intermediate link in the transition from pre-clinical trials
to phase | clinical trials.**

The purpose of phase zero clinical trial is to obtain human
pharmacokinetic data, containing protein binding, enzyme
inhibition rate and the combination of target, and to adopt
various means of imaging studies of human tissue distribu-
tion, so that early identification of the most valuable lead
compound from a set of candidates of phase | clinical trials
can be facilitated. In addition, understanding the metabolic
characteristics of lead compounds in humans as early as
possible is also of great significance for the selection of ani-
mals for non-clinical safety studies and improving the pre-
dictive value of animal test results.45-47

Analysis of the mechanism of innovative drugs

The in-depth research of translational medicine has put
forward new topics for the clinical research of antitumor
drugs. It is necessary to develop new clinical trial methods
and effective detection technology of related targets, at-
tach importance to the construction of clinical trial-related
laboratories, and actively carry out translational medicine
research, so as to draw correct conclusions on the clinical
application value of these new drugs with different mecha-
nisms of action. Therefore, only a more in-depth exploration
of the molecular mechanism and pharmacological mecha-
nism of drugs in the laboratory stage can lay the foundation
for the success rate of its translational research.

Individualized clinical research design

The classification of tumors of the biliary system is complex
and heterogeneous, and the sensitivity of different tumors
to drugs is bound to be different. When designing a clini-
cal trial, a specific target population should be selected. In-
dividualized molecular therapy programs and technologies
based on the expression status of multiple genes or mark-
ers and the changing laws of related proteins and metabo-
lites are the future development direction.

Multicenter collaborative research

The establishment of a multicenter collaborative organization
can accelerate the process of drug development and market-
ing, and ensure the quality of clinical trials.*® Many antican-
cer drug clinical trial multicenter collaborative organizations
have been established internationally, such as the European
Organization for Cancer Therapy Research (EORTC), the
Eastern Cooperative Oncology Group (ECOG), the Japanese
Clinical Oncology Cooperative Organization (JCOG), the
Southwest Oncology Cooperative Group (SWOG) and so on,
and have achieved a series of results. These research re-
sults have significantly promoted the development of clinical
oncology and have become the basis for the current clinical
diagnosis and treatment guidelines. Based on multicenter
collaborative research, it is bound to accelerate the research
and development of innovative drugs.
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Abstract

The ongoing coronavirus disease-2019 (COVID-19) pan-
demic has necessitated special considerations in the man-
agement of diseases. The way presence of pre-existing dis-
eases or treatment for it predisposes to, alters course of,
and changes the management of COVID-19, is of relevance
and is being extensively studied. Autoimmune hepatitis
(AIH) is unique in that it is an autoimmune disease man-
dating treatment with immunosuppressive drugs, as well as
a liver disease with potential for varying degrees of under-
lying fibrosis. The use of immunosuppressive drugs could
alter the risk of acquiring COVID-19, the clinical course and
severity of COVID-19 and the degree of underlying liver
fibrosis could alter the clinical outcomes of patients with
COVID-19. In this review, we try to summarize key areas
relevant in understanding and improving the clinical care
of patients with AIH in the current pandemic. Special con-
siderations required in the management of patients with
AlH in COVID-19 hotspots have been outlined based on the
current evidence.
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Introduction

First noticed as a cluster of viral pneumonia among people
known to have visited a market in the Wuhan City of Hubei
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province in China,! and later on investigated by the China
Center for Disease Control and Prevention and found to be
due to infection with a new beta coronavirus,? the disease
was later named Coronavirus disease-2019 (COVID-19),3
and the virus causing it was christened severe acute res-
piratory syndrome-coronavirus-2 (SARS-CoV-2).4 The dis-
ease spread throughout the world over a period of a few
months, to be declared as a pandemic by the World Health
Organization (WHO) on the 11th of March 2020.5 By the
30th of December 2020, it had infected over 80 million
people and resulted in the death of over 1.7 million peo-
ple.® While predominantly a respiratory pathogen, SARS-
CoV-2 has also been shown to cause significant neurologic,
cardiac, gastrointestinal, hepatic, renal, hematologic, ob-
stetric, gynecologic, and rheumatologic abnormalities as
well.”

The focus of this review is on special considerations for
the management of autoimmune hepatitis (AIH) in areas
with widespread community transmission of COVID-19. Fac-
tors that need to be considered include the risk of acquiring
COVID-19 and the risk of poor outcomes with COVID-19.
Outcomes in patients with COVID-19 could be altered due
to AlH itself, because of the immunosuppressive medicines
used to treat AlH, or by virtue of liver impairment that AIH
has caused. We will be discussing aspects that are of spe-
cific relevance to a practitioner caring for AIH in COVID-19
hotspots. Relevant aspects of COVID-19-induced liver inju-
ry, aspects of COVID-19 prevention (including vaccination),
and special considerations required in the management of
AlIH have been discussed herein. We have also discussed
possible approaches that a clinician can adopt in various
case-scenarios that may be encountered.

Liver injury in COVID-19

Liver abnormalities noted to be present in patients having
COVID-19 include transaminitis, hyperbilirubinemia and
hypoalbuminemia.8-11 These abnormalities are thought to
occur by one or more of the following several mechanisms
(Fig. 1): direct cytopathy;12 immune-mediated;13 3. hypox-
ia-related;'* drug-induced;* and, microvascular thrombo-
sis.15:16 patients with COVID-19 and liver injury,1” as well
as those with prior hepatic comorbidities, have been shown
to have poor outcomes with COVID-19.18 patients with cir-
rhosis are thought to be at moderate risk, whereas patients
with decompensated cirrhosis are at high risk of poor out-
comes with COVID-19.
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Fig. 1. Pathogenesis of liver injury in COVID-19.

Direct cytopathy

ACE2 receptors, which the SARS-CoV-2 virus utilizes for en-
tering cells have been shown to be expressed in cholangio-
cytes!® and probably hepatocytes?® as well. It has also been
shown that SARS-CoV-2 invades liver cells and causes cy-
topathy.12 This may, at least partially, be responsible for the
hepatic dysfunction seen in COVID-19 patients.1?

Immune-mediated

SARS-CoV-2 infection results in a disordered inflammatory
response, i.e. the cytokine storm,2! with increase in pro-in-
flammatory cytokines. This has been shown to be responsi-
ble for severe pulmonary and extrapulmonary dysfunction,
including liver injury. Liver dysfunction has been shown to
be particularly more in patients with increased levels of in-
flammatory markers, such as CRP, TNF and IL-6.13

Hypoxic/ischemic

In severe COVID-19, multiorgan dysfunction can lead to
hypoxia-related to acute-respiratory distress syndrome,??
hypotension,23 or congestive cardiac failure. All of these can
result in liver dysfunction.24

Drug-induced liver injury (DILI)

In addition to supportive therapy, antivirals, immunomodu-
lators and antithrombotic drugs are used in the manage-
ment of COVID-19. Several of these drugs, including anti-
virals such as lopinavir-ritonavir, remdesivir, favipiravir etc.,
and immunomodulators such as tocilizumab, baricitinib, etc.

may cause liver dysfunction.25.26
Microvascular thrombosis

Endothelial dysfunction along with inflammation in patients
with COVID-19 produces vascular thrombosis in multiple
organs.?’ Elevated D-dimer levels were found to be inde-
pendently associated with liver dysfunction in one study,'®
which could point to an association of thrombosis with liver
dysfunction. Studies of liver biopsies from patients with
COVID-19 and liver dysfunction have shown significant mi-
crovascular thrombosis which could lead to liver dysfunc-
tion.® This could point to a contribution by microvascular
thrombosis to the liver dysfunction seen in patients with
COVID-19.

Pre-existing liver diseases and COVID-19

Patients with AIH have varying degrees of underlying fibro-
sis and as much as 40% of these patients develop cirrho-
sis.28 The degree of underlying fibrosis in patients with AIH
has the potential to have an effect on the risk of acquiring
COVID-19, as well as on clinical outcomes in patients with
COVID-19.

It can be assumed that, despite a reduction in the im-
munity of patients with cirrhosis, the risk of acquiring COV-
ID-19 does not seem to be higher in patients with cirrho-
sis, as evidenced by the results of a meta-analysis which
demonstrated that the prevalence of cirrhosis in patients
with COVID-19 is similar to that in the COVID-19-negative
population.18

There seems to be an upregulation of ACE2 receptors
in the liver, which probably makes patients with cirrhosis
more vulnerable to COVID-19-related liver injury.2® Patients
with pre-existing liver disease have been shown to have in-
creased mortality and morbidity, with COVID-19.18 Multiple
studies have found deterioration of liver functions and de-
compensation in cirrhotic patients with COVID-19.30-32 pa-
tients were found to have significantly higher risk of mortal-
ity with worsening Child-Pugh status.31-32 Cirrhosis was also
found to be an independent predictor of severe COVID-19,
in patients with AIH in recent multicenter studies.3334 With
such poor outcomes, it becomes pertinent that patients with
cirrhosis be considered high risk.

Immunosuppressants and COVID-19

Patients on immunosuppressants have a complex inter-
play of factors in favor of and against SARS-CoV-2. On one
hand, immunomodulators such as mycophenolate mofetil
(MMF)35:36 and calcineurin inhibitors (CNIs) like tacrolimus3”
and cyclosporine38:39 have been demonstrated to have anti-
viral activity against coronaviruses, and glucocorticoids ad-
ministered for COVID-19 have been shown to prevent the
disordered immune response that is responsible for poor
outcomes in COVID-19.4° On the other hand, the immuno-
suppression attributable to these drugs may cause increased
susceptibility to SARS-CoV-2 infection,*! secondary bacterial
or fungal infections, and prolongation of viral clearance.4?
There have been studies that demonstrated increased risk*!
as well as others that demonstrated average risk*3 of acquir-
ing SARS-CoV-2 infection for patients on immunosuppres-
sants, and the question largely remains unresolved to date.
Retrospective studies have demonstrated a risk of bacterial
superinfection** or increased use of antibiotics*® in patients
managed with steroids for COVID-19, whereas randomized
controlled trials have negated this*6—¢ as an adverse event
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Number of COVID-

COVID-19 requir-

Study Region 19-positive AIH ing hospitalization Survived
Verhelst 202150 Flanders, Belgium 1 100% (1/1) 100% (1/1)
Rigamonti 202051 Northern Italy 4 50% (2/4) 100% (4/4)
Di Giorgio 202052 Northern Italy 4 50% (2/4) 75% (3/4)
Gerussi 20203 Italy 10 60% (6/10) 90% (9/10)
Marjot 202134 Multinational 70 76% (53/70) 77% (54/70)
Efe 202133 Multinational 110 46% (51/110) 90% (99/110)

of steroids. The data on the effect of steroids on viral shed-
ding is mixed; although, the wealth of evidence suggests
that low-dose steroids are not associated with any increase
in viral shedding.4?2 Studies have also been performed to
assess how these seemingly opposing actions translate to
clinical outcomes in COVID-19. The risk of acquiring SARS-
CoV-2 infection seems to be higher in patients with autoim-
mune diseases on steroids*® and clinical outcomes seem to
be worse in patients on steroids as well as in patients on im-
munomodulators, in patients with autoimmune diseases.*°
Early data available specifically in the context of AIH seem
to show that continued immunosuppression does not lead to
poor outcomes with COVID-19.33.:34

AlH and COVID-19

Two large multicenter studies have addressed the impact of
COVID-19 in patients with AIH.33:34 In both the studies, the
outcomes of patients with AIH were compared with a cohort
of non-AlH patients with chronic liver disease. The consist-
ent findings across both the studies was that there is no
increase in severity of COVID-19 infection across patients
with AIH compared to other etiologies of chronic liver dis-
ease.33:34 Presence of cirrhosis, particularly Child-C disease,
was the most significant factor of poor outcomes in these
patients.3* New-onset liver injury was seen in one-third of
the patients with AIH after COVID-19 in one study.33 How-
ever, the use of immunosuppressants was not associated
with poor outcomes in patients with AIH and COVID-19.33
In fact, one study showed that continuation of immunosup-
pression was associated with lower risk of new-onset liver
injury.33 This suggests that immunosuppression needs to be
continued in patients with AIH and COVID-19. Apart from
these two studies, however, data on AIH and COVID-19 are
limited to a few small case series (Table 1).50-53

Diagnostic approach

The diagnostic approach for AIH in COVID-19 hotspots can
be the same as elsewhere, broadly speaking. Selected pa-
tients who are asymptomatic and being evaluated for ab-
normal transaminases or only mildly symptomatic for AIH
can be, in the initial part of the diagnostic workup, evalu-
ated by a telemedicine-based approach. Liver biopsy is nec-
essary for a diagnosis of AIH to be made, as per American
Association for the Study of Liver Diseases (AASLD) guide-
lines®* and can be performed in a COVID-minimal pathway,
safely, for COVID-19-negative patients. Liver biopsy in
COVID-19-positive patients need to be decided on a case-
by-case basis, depending on the urgency to treat AlH, the
severity of COVID-19, and other factors like the presence
of coagulopathy, sepsis, logistics, chance of cross-infection,
etc. The Asia Pacific Association for Study of Liver (APASL)

recommends liver biopsy in COVID-19-negative patients
when autoimmune flare is suspected and advises against
liver biopsy in COVID-19-positive patients.5>

Prevention of COVID-19

General measures

Owing to the high risk of poor outcomes that can be ex-
pected with the degree of pre-existing liver dysfunction and
immunosuppression, prevention of SARS-CoV-2 infection is
extremely important in patients with AIH. The preventive
strategy against COVID-19 should comprise general meas-
ures as well as vaccination. General measures should involve
measures to be adopted by the patient,>6 hospital-designed
infrastructure measures,>” and hospital operational meas-
ures,5” which include a COVID-minimal pathway,® as well
as measures to be adopted by health-care personnel.>® Tel-
emedicine becomes particularly relevant during the current
COVID-19 epidemic as it has the potential to reduce the need
for hospital visits, which in turn reduces the chance of crowd-
ing in hospital outpatient clinics, thereby reducing the risk of
spreading SARS-CoV-2.50 Telemedicine has been evaluated
specifically in the context of management of AIH during the
COVID-19 pandemic and has been shown to improve patient
adherence to therapy thereby minimizing the chances of re-
lapse, as compared to the standard care group.®°

Vaccination

As on December 23rd, 2020, there have been at least seven
COVID-19 vaccines®?! licensed in different parts of the world
and over 200 vaccines in different stages of development.6?
In the context of patients with AIH, four specific aspects
need to be addressed; these include: 1) safety of the vac-
cine in patients on immunosuppressants; 2) safety of the
vaccine in patients with liver diseases; 3) efficacy of the
vaccine in patients on immunosuppressants; and, 4) effi-
cacy of the vaccine in patients with liver diseases.

As far as the licensed vaccines are concerned, patients on
immunosuppression were excluded from vaccine licensing
trials. While some trials included a small number of patients
with pre-existing liver diseases, patients with advanced
liver diseases were still excluded and no subgroup analy-
sis was performed to assess outcomes or adverse events
specifically in patients with liver diseases.®3 Thus, it is not
clear at this moment how safe and effective these vaccines
would be, in standard doses, for patients with AIH, especial-
ly while on immunosuppressive medications. Extrapolating
from the experience with vaccination for other diseases in
patients with liver diseases,%4-6% in patients on immunosup-
pression,%” and specifically in AIH,68 the likely efficacy of the

570 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 568-575



Madhu D. et al: Managing AIH in the COVID-19 era

Table 2. Special considerations in the management of AIH in COVID-19 hotspots: A suggested approach

COVID-19 status

AlH status

Special considerations

COVID-19-negative

Diagnosis of AIH

Newly diagnosed
patients with activity

Patients in remission

Patients who require start
of second-line agent

Patients who require start
of third-line agent

Decompensated cirrhosis

Acute severe AlH
ALF due to AIH

Diagnostic algorithm same as otherwise. Liver biopsy
to be planned in COVID—minimal pathway

Steroids and azathioprine can be given as indicated
otherwise. Budesonide to be preferred over prednisolone
in appropriate situations, in noncirrhotic patients,

and in patients without acute severe AIH

Continue immunosuppressant at lowest recommended
dose required to maintain remission. Decision to stop
immunosuppression to be made in patients who have
had long-term remission, as per latest guidelines for AIH.
Telemedicine-based follow-up in appropriate cases

CNIs (tacrolimus) may be preferred over mycophenolate
in patients with no other contraindications?®

Infliximab may be preferred over rituximab in
patients with no other contraindications?

Treatment algorithm same as otherwise. Living donor liver

transplant to be considered for urgent/emergency indications only

Diagnostic and treatment algorithm same as otherwise

Diagnostic and treatment algorithm same as otherwise.
May require urgent liver transplantation

COVID-19-positive  Diagnosis of AIH

Evaluation by serology, imaging same as otherwise. Decisions

regarding liver biopsy to be taken on case-by-case basis

Newly diagnosed patients with
activity/patients in remission/
patients who require start of
second-line agents/patients

Decisions regarding management to be taken on an
individualized, case-by-case basis. Patients with AIH

in remission may continue immunosuppressants as
before, unless other contraindications or considerations

who require start of third-
line agents/patients with
decompensated cirrhosis

are present. Treatment decisions in patients requiring
induction or escalation of therapy for AIH needs to be
taken on a multidisciplinary, case-by-case basis

Acute severe AlIH

Need for aggressive immunosuppression likely to

override all other considerations, final decision to be
taken on a multidisciplinary, case-by-case basis

ALF due to AIH

Decision to be taken on a multidisciplinary, case-by-case basis

aWeak suggestion, based on data extrapolated from other conditions.

COVID-19 vaccine in this subgroup of patients is likely to be
lower compared to the normal healthy adult.

Considering the high risk of poor outcomes due to COV-
ID-19 infection in patients with liver diseases!® and patients
with immunosuppression,° the benefits of vaccination may
outweigh the risks. COVID-19 vaccination is being sug-
gested in patients with chronic liver disease and solid organ
transplant recipients on immunosuppression by various in-
ternational societies, including AASLD®3 and European As-
sociation for Study of Liver (EASL).7° Till further data on
safety and efficacy are available, COVID-19 vaccines need
to be administered at standard doses, unless other con-
traindications are present. Due to the high risk of adverse
events, live vaccines’! and replicating viral vector vaccines’?
are best avoided in patients on immunosuppressive medica-
tions. Further, household members and care providers of
these patients should also receive vaccination while contin-
uing appropriate use of masks, sanitizers and social distanc-
ing — the keystone of protection against COVID-19. EASL
and APASL recommend patients with AIH to be also vacci-
nated against influenza and Streptococcus pneumoniae.55.73
The formation of neutralizing antibodies in liver transplant
recipients (especially those receiving immunosuppressants)
have been suboptimal, as shown by a recent study.”* The
clinical impact of this suboptimal response remains to be

seen. However, this should not deter any clinician from pre-
scribing the vaccine in these patients.

Treatment in COVID-19 negative patients

Principles of treatment

It is clear that the presence of pre-existing liver disease
has a significant bearing on the outcomes of patients with
COVID-19,8 and given the fact that the present pandemic
has been ongoing for the past several months and will con-
tinue to do so for some time, it seems prudent that the
patients not having active COVID-19 but requiring induction
or maintenance therapy for AIH be given immunosuppres-
sion as required because withdrawing, delaying or denying
it may result in worsening fibrosis or cirrhosis.”>~77 Recom-
mendations by APASL5> and the EASL73 seem to support
the view that immunosuppression needs to be continued.
Strategies for treatment and follow-up should incorporate
aspects of prevention as elaborated, including general
measures and vaccination. We have discussed special con-
siderations required in the treatment of COVID-19-negative
patients with AIH below, and summarized them in Table 2.
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Decisions for patients with active COVID-19 requiring im-
munosuppression for AIH induction or maintenance need to
be considered on an individualized, case-by-case basis after
assessing risks and benefits.

First-line agents

Patients on systemic steroids have been found to have
poor COVID-19-related outcomes.*® Prednisolone/pred-
nisone or budesonide in combination with azathioprine is
used for first-line management of AIH.54 Owing to high first
pass metabolism of budesonide, it is known to have less
systemic toxicity and less chance of infections.”® It seems
reasonable that patients with new diagnosis of AlH, no cir-
rhosis and no acute severe AlIH be considered for budeson-
ide over predniso(lo)ne especially, as it has been proven to
have a higher efficacy,’® and it is biologically plausible that
patients on budesonide may fare better than patients on
predniso(lo)ne, if infected with SARS-CoV-2.

Data from inflammatory bowel diseases (IBD)7° show that
thiopurine monotherapy is associated with poor COVID-19
outcomes. Data regarding the safety of azathioprine spe-
cifically in AIH in the context of COVID-19, however, is not
available, even though two studies had shown that continua-
tion of immunosuppressive medicines in AlH is not associat-
ed with poor outcomes with COVID-19.33:34 Azathioprine still
remains the first-line agent of choice as an immunomodula-
tor, till conclusive evidence regarding an alternate first-line
agent with better overall outcomes is available.

Second-line agents

Second-line agents for the management of AlH include MMF
as well as CNIs, such as tacrolimus and cyclosporine.>* As
far as AlH-related outcomes are concerned, MMF and tac-
rolimus are equivalent.5* Although specific data on AIH pa-
tients treated with these medicines and COVID-19-related
outcomes are not available, data of safety of these same
drugs used in other diseases, in terms of COVID-19-related
outcomes, may be cautiously extrapolated to AlH, till spe-
cific data are available. In solid organ transplant patients,
treatment with mycophenolate has been shown to be risky
in a dose-dependent manner,8° but that with CNIs appears
to not be.89:81 |t would therefore seem appropriate that tac-
rolimus should be preferred over MMF when no other con-
traindications are present.

Third-line/salvage agents

Salvage options or third-line agents described by the AASLD
guideline for AIH include infliximab and rituximab.>* Being
an anti-TNF agent, infliximab has a potential to mitigate the
cytokine storm, which is a crucial part of the pathogenesis
of COVID-19.82 Studies in IBD82 and in rheumatology®* have
shown that anti-TNF drugs are not associated with worse
outcomes in COVID-19. Concerns have been expressed re-
garding risk of poor outcomes for patients on rituximab,8>
and early evidence suggests this as well.86 Till conclusive
evidence that supports safety in this regard is available, it is
better to consider other third-line/salvage agents, such as
infliximab, over rituximab, whenever possible.

Overlap syndromes

In addition to the immunosuppressants described above,
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patients with overlap syndromes may also require ursode-
oxycholic acid.>* There is no reason to have concerns re-
garding the use of this agent in the context of the current
COVID-19 pandemic. In fact, ursodeoxycholic acid is an
agent with potential to have benefits in the treatment of
COVID-19 as well.87 Till evidence to the contrary is avail-
able, treatment with this agent can be initiated or continued
as indicated.

Liver transplant

Liver transplant is indicated in patients with AIH who pre-
sent with acute liver failure (commonly referred to as ALF)
or as salvage in acute severe AlH or in cirrhosis with de-
compensation.>* In the presence of widespread community
transmission of COVID-19, considerations for liver trans-
plant should consider appropriate local guidelines which
specifically discuss this aspect. In view of the risk to donors,
living donor liver transplantation is best restricted to urgent
indications.88

Management of AIH in COVID-19 patients

The management of AIH in COVID-19-positive patients
would require decisions to be taken on a multidisciplinary,
case-by-case basis. Decisions should be based on a multi-
tude of factors, such as urgency to treat AlIH, severity of
COVID-19, presence of co-existing sepsis, requirement of
drugs for COVID-19 that may have interactions with drugs
given for AlIH, etc. APASL recommends continuing immu-
nosuppression in patients with mild COVID-19.55 Data from
two multinational studies are available which show no ben-
efit of withdrawing immunosuppression in patients with AIH
and active COVID-19.33:34 One study even showed that con-
tinuation of immunosuppression lowered the risk of new-
onset liver injury.33 The exact reasons for stopping immu-
nosuppression in these studies are not known. The numbers
of patients on high-dose steroids and MMF were low in these
studies, for meaningful conclusions to be made. However,
these studies do support the continuation of immunosup-
pression in patients with AIH and COVID-19. Some special
considerations required while managing patients with AIH
who also have COVID-19 are summarized in Table 2.

Drug interactions are particularly important while man-
aging patients with COVID-19 and AIH. Management of
COVID-19 is constantly being revised with a variety of
drugs being tried for its treatment, with varying efficacy.
New data are emerging every day and with the introduc-
tion of new drugs, one needs to be aware of the side effect
profile of the drugs being used and their potential interac-
tion with the concomitant medications being used for the
management of comorbid conditions. Interactions between
drugs used for immunosuppression, such as CNIs, may
have significant drug interactions, which, if not paid atten-
tion to, can be deleterious.8°® We have listed the interactions
between the drugs used for the management of COVID-19
and the drugs used in AlH in the table below (Table 3). As
to the optimal treatment and drugs for COVID-19, the data
are still evolving; however, it is suggested to check the
side effect profile and drug interactions of the drug being
used. One such useful updated resource to check for drug
interactions is https://www.covid19-druginteractions.org/
checker.

Conclusions

Management of auto-immune hepatitis in areas with wide-
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Table 3. Drug interactions between immunosuppressants used for management of AIH and drugs used for management of COVID-19

Drug type

Azathioprine

MMF

Tacrolimus

Cyclosporine

Interferons

Interferon-alpha
InterferonObeta

Antivirals
Favipiravir

Lopinavir-ritonavir

Remdesivir
Ribavirin
Nitazoxanide

Antimalarials

Chloroquine

Hydroxychloroquine

Monoclonal antibody

Tocilizumab

Bamlanivimab

Canakinumab

Sarilumab

Potential additive
hematological toxicity

Potential additive
hematological toxicity

No interaction

No interaction

No interaction

Potential additive
hematological toxicity

No interaction

Potential additive
hematological toxicity

Potential additive
hematological toxicity

Potential additive
hematological toxicity

No interaction

Potential additive
hematological toxicity

Potential additive
hematological toxicity

No interaction

No interaction

No interaction

Potential altered

drug levels of

mycophenolate;

Drug level
monitoring

No interaction

No interaction

No interaction

Increased levels of
tacrolimus; Risk of
QT prolongation

recommended

No interaction

No interaction

No interaction

No interaction

No interaction

No interaction

No interaction
No interaction

No interaction

No interaction

No interaction

No interaction

Increased levels of
tacrolimus; Risk of
QT prolongation

Increased levels of
tacrolimus; Risk of
QT prolongation

Monitoring of

tacrolimus drug levels

recommended
No interaction
Monitoring of

tacrolimus drug levels

recommended

Monitoring of

tacrolimus drug levels

recommended

No interaction

No interaction

No interaction

Increased plasma levels
of cyclosporine; Drug
monitoring recommended

No interaction

No interaction

No interaction

Increased plasma levels
of cyclosporine; Drug
monitoring recommended

Increased plasma levels
of cyclosporine; Drug
monitoring recommended

Monitoring of cyclosporine
drug levels recommended

No interaction

Monitoring of cyclosporine
drug levels recommended

Monitoring of cyclosporine
drug levels recommended

spread community transmission of COVID-19 needs spe-
cial considerations in the diagnostic approach, preventive
aspects and treatment. The management of immunosup-
pression is particularly complex in this set of patients and
specific data in the context of AIH in COVID-19 are lacking.
Management of immunosuppression in patients with AIH in
COVID-19 hotspots requires a tailored approach based on
data from relatively small observational studies and from
data extrapolated from other auto-immune diseases till bet-
ter evidence is available. The management of AIH in pa-
tients diagnosed with COVID-19 requires a multidisciplinary
approach with decisions considered on a case-by-case ba-
sis.
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Abstract

The novel coronavirus-related coronavirus disease 2019
(COVID-19) pandemic has been relentless in disrupting and
overwhelming healthcare the world over. Clinical outcomes
of COVID-19 in patients with chronic comorbidities, especial-
ly in those with metabolic syndrome, are well documented.
Chronic liver disease and cirrhosis patients are a special sub-
group, among whom the management of COVID-19 is chal-
lenging. Understanding the pathophysiology of COVID-19 in
patients with cirrhosis and portal hypertension improves our
identification of at-risk patients for disease progression that
will further help compartmentalize generalized and special-
ized treatment options in this special patient group. In this
exhaustive review, we critically review the impact of COV-
ID-19 on the liver and in chronic liver disease and cirrhosis
patients. We further discuss common features associated
with the pathophysiology of COVID-19 and cirrhosis, based
on the renin-angiotensin system and deliberate current lit-
erature on guidelines for the treatment of COVID-19 and
extrapolate the same to the cirrhosis population to provide
a concise and stepwise, evidence-based management for
cirrhosis patients with severe and critical COVID-19. There
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are no specific management guidelines for cirrhosis patients
with COVID-19 and current recommendations for treatment
are as per guidelines for general population. Nevertheless,
specific issues like avoiding corticosteroids in decompensat-
ed patients with variceal bleeding, suspected sepsis, high
grade hepatic encephalopathy and acute kidney injury, use
of early mechanical ventilation strategies in those with se-
vere ascites and hepatopulmonary syndrome, avoidance
of remdesivir in advanced liver disease, and application of
liver-specific severity scores for prognostication and identifi-
cation of futility need to be highlighted.

Citation of this article: Philips CA, Kakkar K, Joseph M, Yerol
PK, Ahamed R, Rajesh S, et al. Critically ill COVID-19 patient
with chronic liver disease - Insights into a comprehensive liv-
er intensive care. J Clin Transl Hepatol 2021;9(4):576-586.
doi: 10.14218/JCTH.2020.00110.

Introduction

The novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), an enveloped, positive single-stranded
large RNA virus belonging to the beta-CoV family, is the
causative agent of the current pandemic, the coronavirus
disease 2019 (COVID-19), that has affected developed
and developing countries worldwide. Even though the well-
described and reported initial clinical sign of COVID-19 is
pneumonia (fever, cough, and shortness of breath), fur-
ther studies have shed light on the variable presentations
and clinical outcomes in affected patients. This spectrum
was found to include asymptomatic carriers, patients with
gastrointestinal system predominant symptoms (nausea,
diarrhea), those with anosmia and dysgeusia, and sympto-
matic hypercoagulable states affecting multiple organs and
immune-mediated organ involvement such as vasculitis-
like syndromes.! The majority of transmissions occur via
coughing and sneezing, through respiratory droplets with
particle size >5-10 um, and through the fecal-oral route.
Asymptomatic COVID-19 contributes up to 80% of trans-
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mission, primarily limited to family members, healthcare
professionals, and others with close contacts (6 feet, 1.8
meters) within closed-space public gatherings.2 Initial stud-
ies have shown that the incubation time is between 3 to 7
days and the basic reproduction number (RO or R naught)
is 2.2.3 The viral infection starts with the glycoprotein spike
receptor-binding protein, which allows viral attachment to
the angiotensin-converting enzyme receptor type 2 (ACE2)
in the lungs and other tissues as well. A polybasic amino
acid site in the spike protein is functionally processed by
the human protease enzyme furin, which further allows ex-
posure of the integrated sequences, resulting in a fusion of
the viral and cell membranes and subsequent virus passage
into the primary cell.4

Around 97.5% of symptomatic presentations will oc-
cur within 11.5 days of infection and the median time from
symptom onset to hospital admission is 7 days. The median
age of hospitalized patients varies between 47 and 73 years,
with male preponderance. Overall, a quarter of infected pa-
tients have comorbidities but among hospitalized COVID-19
patients, approximately 60% to 90% have comorbidities.>6
The most common chronic conditions include hypertension
and cardiovascular disease, diabetes, chronic kidney dis-
ease, and chronic lung disease. Clinical complications lead-
ing to morbidity and mortality include hypoxemic lung fail-
ure, myocarditis, cardiomyopathy, ventricular arrhythmias,
and hemodynamic instability, stroke and rarely encephalitis,
secondary bacterial sepsis, and arterial and venous throm-
boembolic events, the latter notable in up to 60% of those
admitted to the intensive care unit (ICU).47

In this review, we discuss the impact of COVID-19 on the
liver, focus on key aspects of disease pathogenesis and out-
comes in patients with pre-existing liver disease, and discuss
current evidence-based treatment protocols and exhaustive
algorithms for the management of COVID-19 in cirrhosis.

COVID-19 and the liver

The Chinese Centers for Disease Control described three
clinical classifications of COVID-19 based on pulmonary
symptoms, classified as mild to moderate, severe, and
critical disease. Patients with severe pneumonia can de-
velop acute respiratory distress syndrome (ARDS) classified
as mild, moderate, and severe depending on clinical and
ventilatory criteria. Severe disease is also identified when
computed tomography of the chest reveals lung infiltrates
>50% within 24 to 48 h, or in the presence of septic shock
or multiple organ failure (Fig. 1). ACE2, the host cell recep-
tor for SARS-CoV-2, is present on type 2 alveolar cells and
in the gastrointestinal tract and the liver. In the liver, ACE2
is highly expressed in the endothelial layer of small blood
vessels and absent in the sinusoidal endothelium and is also
expressed greater in cholangiocytes than in hepatocytes.*

Multiple studies have shown that index presentation with
gastrointestinal symptoms was notable in approximately
19.6% to 73.0% of patients with SARS-CoV. Similarly, 3% to
79% of those with SARS-CoV-2 infection presented gastroin-
testinal predominant symptoms in various studies.®-11 Abnor-
mal liver tests have been reported in approximately 19-76%
of patients with COVID-19. It is now clear that elevated liver
biochemistries are predominantly associated with severe and
critical COVID-19 due to multifactorial reasons, such as drug-
induced liver test abnormalities, liver involvement in critical
iliness, and hypoxic insults.1?2-15 Even though ACE2 receptors
are more greatly expressed in cholangiocytes, the principal
pattern of liver test abnormality demonstrated in COVID-19 is
of the hepatocellular type, with elevation in aminotransferas-
es rarely above 5-times the upper limit of normal in those
with and without pre-existing liver disease.16:.17

Direct cytopathic effects of SARS-CoV-2 on hepatocytes
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remain unconfirmed, and liver test abnormalities are mostly
related to multisystem involvement associated with severe
disease, multifactorial, and secondary to systemic inflam-
mation, immune-mediated injury, microvascular thrombosis,
drug toxicity, hepatic congestion, and intercurrent sepsis.8.1°
Post-mortem liver biopsy studies have shown non-specific
features, such as focal or mild to moderate macro/microve-
sicular steatosis, mild portal and lobular inflammation, and
sinusoidal dilatation. The direct viral cytopathic effect, viral
nucleic acid, or demonstrable replication has not been dem-
onstrated consistently across studies. Acute liver failure due
to COVID-19 is not described. However, concomitant hepa-
totoxic drug use, including complementary and alternative
medications in patients with COVID-19 with a predisposition
to acute severe liver injury, could lead to acute liver failure,
independent of the primary infection, and should be kept in
mind with patients presenting with liver failure.20:21

COVID-19 and chronic liver disease (CLD)

To understand the outcomes associated with COVID-19 in
patients with CLD, an understanding of the common patho-
physiology that plays an important role in the causation and
progression of these conditions, attributable to the renin-an-
giotensin system (RAS), is pertinent. RAS activity starts with
the breakdown of angiotensinogen (derived from the liver)
by circulating renin (from the juxtaglomerular apparatus of
the kidney) to form angiotensin I (Ang I). In the classical
pathway, ACE in pulmonary capillaries converts Ang | to an-
giotensin Il (Ang I1), which then binds to angiotensin 1l type
1 receptor (AT1) that, in effect, causes vasoconstriction, is
trophic, enhances fibrogenesis, increases sodium reabsorp-
tion, and is pro-inflammatory and prothrombotic. In the al-
ternate RAS, ACE2 degrades Ang Il to the peptide Angl-7,
which then acts through the mas receptor that promotes vas-
odilation, is anti-trophic and anti-fibrotic, promotes natriure-
sis, and is anti-inflammatory and anti-thrombotic.??

In CLD, the classical pathway and its activation con-
tributes to inflammation and fibrosis, while the alternative
pathway is up-regulated to counterbalance the harmful ef-
fects. As fibrosis worsens, ACE levels and AT1 gene expres-
sions rise, coinciding with an up-regulation in ACE2 and mas
expression, increasing in both Ang 1-7 and Ang Il. Cirrhotic
livers have enhanced capacity to convert Ang Il to Ang 1-7,
which has been shown to have beneficial effects on liver
fibrosis and inflammation. In late-stage cirrhosis, sympa-
thetic nervous system activation, acetylcholine-mediated
vasodilation, increased production of dysfunctional nitric
oxide (NO), secretion of antidiuretic hormone, central hy-
povolemic status, and worsening peripheral and splanchnic
vasodilation due to high Ang 1-7 renders early beneficial
effects of the alternate RAS pathway redundant.23-25 In
chronic inflammation, Ang Il expression activates hepatic
stellate cells that drive the pathogenesis of portal hyper-
tension. With cirrhosis progression, intrahepatic resistance
increases, leading to systemic and splanchnic vasodilation
and hypo-responsiveness to vasoconstrictors.?6 Thus, there
is a clear change in modus operandi in the RAS-mediated
pathophysiology of cirrhosis and its progression.

In patients with cirrhosis and COVID-19, SARS-CoV-2
overwhelms the ACE2 receptors, resulting in the functional
inhibition of the alternate RAS pathway, leading to reduced
expression of Ang 1-7 (increasing proinflammatory cy-
tokines such as interleukin (IL)-6, IL-1B and tumor necrosis
factor-alpha (TNF-a) and paving the way for harmful conse-
quences via the AT1 receptor) within the liver microenviron-
ment and other systems.27:28 However, in stable cirrhosis,
in the presence of highly up-regulated ACE2 receptors and
higher expression of Ang 1-7, SARS-CoV-2 infection may
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not be uncontrollably detrimental and could be associated
with better outcomes.2° In decompensated cirrhosis, chron-
ic activation of RAS and sympathetic nervous system acti-
vation and secretion of antidiuretic hormones occur in the
presence of persistent arterial hypotension.

COVID-19 can worsen the already perturbed portosys-
temic hemodynamics through the overwhelming use of
ACE2 receptors, increasing Ang 1-7, which leads to wors-
ening systemic and splanchnic vasodilation. Furthermore,
cirrhosis is a state of chronic systemic inflammation, immu-
nomodulation, endotoxemia, and hemodynamic alterations
that promote subclinical dysfunction in most organ systems
that worsen with increasing cirrhosis stages.30-33 Hence,
from our understanding of pathophysiology, it is safe to as-
sume that COVID-19 in cirrhosis is associated with different
clinical outcomes, depending on the stages of liver disease
and degree of portal hypertension (Fig. 2).

Worsening of pre-existing liver injury is an important
clinical aspect of COVID-19. In this regard, new-onset or
worsening thrombocytopenia, coagulation tests, and hy-
poproteinemia or low albumin could be considered part of
progression in the multisystem involvement of the primary
infection or worsening of the pre-existing liver disease.34-36
The novel coronavirus itself does not cause acute severe
liver injury or trigger liver failure.29-21 Nonetheless, COV-
ID-19 in patients with pre-existing liver disease, such as
alcohol-related or nonalcohol-related fatty liver, early and
advanced hepatic fibrosis (CLD), cirrhosis with or without
portal hypertension (clinically significant [defined as hepatic
venous pressure gradient 210 mmHg] or otherwise) can
present with acute hepatitis with or without jaundice and
rarely cholestatic liver injury, acute decompensation of cir-
rhosis and acute-on-chronic liver failure (ACLF) due to se-
verity of infection and subsequent treatment interventions.

Impact of COVID-19 in patients with CLD and cir-
rhosis

A recent meta-analysis on 2,034 adult individuals with a me-
dian age of 49 years found that the overall prevalence of
CLD at admission was 3%.%7 In a narrative review, Garrido
and colleagues,®® based on published evidence, presumed
that patients with CLD were not at greater risk for acquiring
the infection. Still, those with compensated advanced and
decompensated cirrhosis, hepatocellular carcinoma, nonal-
coholic fatty liver disease (due to associated metabolic syn-
drome), autoimmune liver diseases, or a liver transplant may
have a greater risk for severe COVID-19. In a small series
of patients with liver disease, Ji et al.3° showed that disease
progression was higher in COVID-19 patients with CLD than
in those without CLD, with the risk of developing ACLF that
portend a worse prognosis. In a retrospective study from
Wuhan, China, investigators found that COVID-19 patients
with CLD had a longer length of stay in hospital but with mild
liver injuries and higher mortality (in the presence of de-
compensation) than in those without CLD. The neutrophil-to-
lymphocyte ratio significantly predicted in-hospital death.4?
Another systematic review and meta-analysis that includ-
ed 74 clinical studies demonstrated that the prevalence of
CLD among all COVID-19 patients was approximately 3%.
This proportion was similar in COVID-19-positive and -neg-
ative population, but CLD was significantly associated with
more severe COVID-19 infection and overall mortality.#! In
Italian multicenter retrospective studies, lavarone et al.42:43
showed that COVID-19 was associated with deterioration in
liver function and increased mortality in the elderly with cir-
rhosis compared to a historically-matched group of patients
with bacterial sepsis. The severity of lung and liver disease
scores according to the Chronic Liver Failure-Consortium

578 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 576-586



Philips C.A. et al: Severe SARS-CoV-2 infection in cirrhosis

Renin-Angiotensin System
Covid-19 and Cirrhosis

Renin

Angiotensin 1

ACE

Angiotensin 2

CLASSICAL

ACE2

Peptide

AT-1 RECEPTOR

Angiotensin 1-7

Fibrosis mas RECEPTOR
Vasocontriction
Proinflammation

Prothrombotic

SARS-CoV-2

Viral binding
ACE 2 deficiency
ownregulates Ang 1-7

Anti fibrotic
Vasodilation
Natriuresis

Antiinflammatory

N

Cirrhosis

Inflammation
ACE-ATIR enhanced

CLASSICAl%srmeem =P ALTERNATE

Increased Ang 2

Upregulation ACE2
Upregulation mas-R
Increased Ang 1 -7

DECOMPENSATED
CIRRHOSIS

Overwhelming
counterbalance

Increased Ang 1-7

Sympatheticdrive

Acetylcholine, ADH

Dysfunctional NO
Worsening PHT
Hemodynamics
Poor outcomes

Anti-thrombotic

Fig. 2. RAS and its central role in pathophysiology of COVID-19 and cirrhosis. ACE, angiotensin-converting enzyme; ADH, antidiuretic hormone; Ang 1-7,

angiotensin peptide 1-7; mas-R, mas receptor; PHT, portal hypertension

(commonly known as CLIF-C)-Organ Failure (>9), CLIF-C-
ACLF 270 and Model for End-stage Liver Disease (common-
ly known as MELD; >15) independently predicted mortality.
Notably, ACLF was not the cause of death in most patients
but respiratory failure was in 71%0.42:43

An international registry’s preliminary results included
103 cirrhosis patients from 21 countries and four conti-
nents (60% male, median age 61 years, most common liver
etiology being non-alcoholic fatty liver disease or NAFLD).
Among patients analyzed from combined registries, 38%
decompensated during their disease course (worsening
ascites, encephalopathy, or acute kidney injury) due to
COVID-19. Mortality in this group was far more than that
noted with cirrhosis in the pre-COVID-19 era. However, the
cause of death was lung failure in approximately 80% and
liver-related in 12% (CLD without cirrhosis 12.2%, <Child
class A cirrhosis 23.9%, <Child class B cirrhosis 43.3%,
<Child class C 63%). This meant that deaths and liver
and portal hypertension-related new onset or worsening
of events were seen among those with advanced liver cir-
rhosis.** Marjot et al.*®> found that baseline liver disease
stage and alcohol-related liver disease were independent
risk factors for death from COVID-19. The APCOLIS study
from the Asian Pacific region showed that SARS-CoV-2 in-
fection caused a significant liver injury in CLD patients,
decompensating one-fifth of cirrhosis, and worsening the
clinical status of those already decompensated. The num-

ber of cirrhosis patients with symptomatic COVID-19 in that
study was less at baseline, showing the lower prevalence of
infection associated with early cirrhosis. The authors con-
cluded that CLD patients with diabetes and obesity were
more vulnerable to disease risk and progression.4®¢ A posi-
tion paper from Europe stated that CLD patients did not per
se appear to be over-represented in cohorts with COVID-19
and were not at increased risk of contracting SARS-CoV-2.
However, the risk of infection and the risk of a severe course
of COVID-19 may be different, depending on the nature of
the CLD and the presence of advanced fibrosis or cirrhosis
and MELD score 215.47

In a North American multicenter contemporaneously en-
rolled study, age and sex-matched patients with cirrhosis
and COVID-19 had similar mortality compared with cirrho-
sis patients alone but was higher than among patients with
COVID-19 alone. ACLF rates were similar between groups.
Nevertheless, Charlson Comorbidity Index scores and lac-
tate levels were worse among cirrhosis patients who were
COVID-19-positive. At present, evidence for a strong con-
clusion that COVID-19 increases the risk for development
of ACLF or mortality in patients with cirrhosis (other than
in Child class C) more than other etiologies for new-onset
or worsening decompensation is lacking.*® The salient fea-
tures of pertinent recent studies on patient characteristics

and impact of COVID-19 in liver disease are shown in Table
1'37—45,48
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Current treatments for hospitalized COVID-19 pa-
tients and impact in cirrhosis

According to the National Institutes of Health (NIH, which
does not consider cirrhosis as a high-risk comorbid condi-
tion), in patients with COVID-19 who are hospitalized with
moderate disease (clinical or radiographic evidence of lower
respiratory tract infection, respiratory rate <24 breaths/m
and SpO, =94% on room air at sea level) but do not require
supplemental oxygen, dexamethasone is not recommend-
ed, while remdesivir may be considered in those at high risk
for clinical deterioration.*®

Dexamethasone use was associated with the absence of
survival benefit in patients who did not require supplemen-
tal oxygen at enrolment and lead to a slightly higher 28-day
mortality when used in this group of patients, as demon-
strated in the Randomised Evaluation of COVID-19 Therapy
(RECOVERY) trial, a multicenter, open-label trial in the UK.50
The use of remdesivir was not associated with clinical ben-
efit in patients with mild to moderate disease in the multi-
national, randomized controlled Adaptive COVID-19 Treat-
ment Trial (ACTT-1).51

For hospitalized patients with COVID-19 who require
only supplemental oxygen, the NIH recommends the use
of remdesivir at 200 mg intravenously (1V) for 1 day, fol-
lowed by 100 mg intravenous once daily for 4 days (which
can be extended up to 10 days if no clinical improvement
is noted on the 5t day) or until hospital discharge, which-
ever comes first. Alternatively, a combination regimen (yet
to be studied in rigorous clinical trials) of remdesivir and
dexamethasone at 6 mg intravenous or orally for up to 10
days or until hospital discharge, or if remdesivir cannot
be used (especially in resource-poor countries like India),
dexamethasone alone is recommended for use. The final
analysis of the ACTT-1 trial showed that remdesivir was
associated with improved time to recovery in a subgroup.
On post hoc analysis of deaths by Day 29, it appeared to
provide a substantial survival benefit. The RECOVERY trial
showed that COVID-19 patients who required supplemental
oxygen, but not those on mechanical ventilation, received
survival benefit from using dexamethasone. The use of only
dexamethasone would dampen viral clearance by reducing
inflammatory responses, and hence concomitant use of an
antiviral for improving outcomes has been hypothesized.
For hospitalized patients with COVID-19 who require oxy-
gen delivery through a high-flow device or noninvasive ven-
tilation, both remdesivir and steroid use were advocated. In
these patients, the ACTT-1 study did not show the clinical
benefit of using remdesivir alone. Only early dexametha-
sone use has been shown to improve outcomes in ventilated
patients for those who require invasive mechanical ventila-
tion or extracorporeal membrane oxygenation.52

The World Health Organization (commonly known as
WHO) recommends the use of systemic corticosteroids for
severe and critical cases of COVID-19 but do not recom-
mend the use of remdesivir or other repurposed drugs, such
as hydroxychloroquine, lopinavir (fixed-dose combination
with ritonavir), and interferon-B1a with or without lopinavir
at any stage of the disease due to absence of clinical ben-
efit on early recovery and mortality, as demonstrated in the
SOLIDARITY trial. Except for the use of remdesivir, the WHO
guidelines are in tune with the NIH guidelines concerning
other antiviral use in COVID-19.53.54 Remdesivir was devel-
oped by Gilead® Sciences with collaboration between the
USA Centers for Disease Control and the USA Army Medical
Research Institute of Infectious Diseases. It is a monophos-
phate nucleoside analog with broad activity against RNA
viruses, targeting the divergent RNA-dependent RNA poly-
merase through the misintegration of an active nucleoside
triphosphate form, which has been shown to reduce viral
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load in in vitro and in vivo studies and also in non-human
primate models of severe acute respirator syndrome, Middle
East respiratory syndrome and Ebola virus infection.>® Liver
toxicity is a rare but potentially severe side effect of rem-
desivir. A compassionate use study revealed that hepatic
enzyme increases were by far the most common adverse
event, occurring in 23% of patients, while infusion-relat-
ed hypotension was seen in 8%.56 Liver enzyme increases
observed in the Gilead®-run SIMPLE trial involved 7% of
patients with grade 3 or higher alanine aminotransferase
elevations and 3% who stopped the drug over elevated liver
enzymes. In a Chinese trial, alanine aminotransferase el-
evation led to treatment discontinuation in one patient, and
acute kidney injury prompted it in another.>”

In the ACTT-1 study, serious adverse events were report-
ed in 24.6% of patients who received remdesivir. Serious
respiratory failure as an adverse event was noted in 8.8%
of patients in the remdesivir group, which included acute
respiratory failure and the need for endotracheal intuba-
tion. Grade 3 or 4 adverse events occurred on or before day
29 in 51.3% in the remdesivir group, of which 41 events
were judged by the investigators to be related to remdesi-
vir. The most common nonserious adverse events occurring
in at least 5% of all patients included decreased glomerular
filtration rate, decreased hemoglobin level, and decreased
lymphocyte count. Nonetheless, the incidence of these ad-
verse events was generally similar in the remdesivir and
placebo groups.5! Infusion-related reactions were noted as
potential side effects, along with increased liver enzymes
in the USA Food and Drug Administration’s guideline for
remdesivir use. The efficacy and safety of remdesivir have
not been studied in patients with liver impairment or CLD.
In such clinical situations, current knowledge demands
that remdesivir only be used if the potential benefit out-
weighs the potential risk. The European Medicines Agency
summary warned against use in patients with concomitant
hepatotoxic drugs and liver enzymes 5 or more times the
upper limit of normal. In abnormal liver tests that occur
after remdesivir initiation, especially at high levels, adverse
drug reactions need to be considered, and drug discontinu-
ation is required. Zampino et al.>8 showed that remdesi-
vir might cause hepatocellular injury in those without CLD
without progression to severe liver damage or liver failure.
In 4/5 patients treated with the antiviral, baseline normal
liver tests worsened, suggesting a direct role of remdesivir
in hepatocellular toxicity. The authors suggested that rem-
desivir be used with close monitoring of liver function tests
and with caution in subjects with prior liver disease.

Leegwater and colleagues®® reported the case of a man
with COVID-19 who developed acute hepatotoxicity related
to remdesivir with potential interaction of P-glycoprotein in-
hibitors, such as chloroquine or amiodarone, that increased
intracellular levels of active drug metabolite within the
hepatocytes. Similarly, in those with acute and CLD, poten-
tial nephrotoxicity could be due to direct effects or the ac-
cumulation of sulfobutylether-B-cyclodextrin (also known as
SBECD) carrier, the latter used due to limited water solubil-
ity.®0 Animal studies have shown that SBECD accumulation
can potentiate liver cell necrosis and renal tubular damage.
Remdesivir is not recommended in adults and pediatric pa-
tients (>28 days-old) with estimated glomerular filtration
rate <30 mL/m or with serum creatinine >1 mg/dL, unless
the potential benefit outweighs the potential risk.6%:61 Thus,
remdesivir has the potential to cause pulmonary, hepatic,
and renal toxicity in predisposed individuals.

WHO pharmacovigilance noted a disproportionately
high number of reports of liver injuries and renal toxicities
among patients receiving remdesivir compared with that
among patients receiving other drugs for COVID-19, and
the European Medicines Agency initiated a review of pa-
tients on remdesivir with acute kidney injuries.®%-62 On the
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other hand, short courses of corticosteroids, including dexa-
methasone, are safe and efficacious in acute and chronic
hepatocellular or cholestatic inflammatory diseases of the
liver, including reactivation of viral hepatitis, severe drug-
induced liver injury, ACLF, severe alcohol-related hepatitis
and also in advanced decompensation associated with rela-
tive adrenal insufficiency.®3-65 However, one must be cau-
tious in patients with decompensated cirrhosis and those
with advanced liver failure, such as higher grades of ACLF
and CLD patients with uncontrolled metabolic syndrome, in
whom steroid use can lead to de novo or worsening bacte-
rial or fungal infections. Hydrocortisone use in the non-cir-
rhosis septic shock population has been shown to improve
short outcomes, such as shorter vasopressor therapy, me-
chanical ventilation, and length of ICU stay.%® Higher and
longer duration of steroid use can also lead to delirium and
precipitate hepatic encephalopathy in patients with multiple
decompensations at baseline or those who develop decom-
pensation during COVID-19.67-69

Current adjuvant treatments for hospitalized COV-
ID-19 patients and impact on cirrhosis

Guidelines at the national level from different regions/coun-
tries recommend using multiple other drugs in tandem with
a universally-accepted protocol for COVID-19 treatment.
However, the evidence to use these medications and ad-
juvant treatments is currently lacking in literature or has
been confirmed to have no benefit and is not recommended
for use in the treatment of COVID-19. These include hy-
droxychloroquine or chloroquine with or without azithromy-
cin, ivermectin, lopinavir/ritonavir, and other protease in-
hibitors, favipiravir, interferon therapy, interleukin inhibitors
(tocilizumab and tocilizumab), kinase inhibitors, COVID-19
convalescent plasma, intravenous immunoglobulin G spe-
cific and non-specific to SARS-Cov-2, mesenchymal stem
cells, vitamin C and zinc.70-74
Chloroquine/hydroxychloroquine have likelihood score D
for liver toxicity and are possible rare causes of clinically ap-
parent liver injury. In patients with porphyria cutanea tarda,
high doses of hydroxychloroquine can trigger an acute he-
patic injury associated with marked serum enzyme eleva-
tions resulting from an increased excretion of porphyrins.
Both, but more commonly chloroquine, have been associ-
ated with life-threatening cardiac events, including arrhyth-
mias and conduction disorders, such as QT prolongation. A
majority of cirrhosis patients have subclinical cardiomyopa-
thy.”>=77 Hence, the use of chloroquine derivatives needs
caution, especially when combined with another drug, such
as fluoroquinolones that may precipitate adverse cardiac
events. Azithromycin is well known to cause clinically appar-
ent liver injury in the form of acute, transient, or asympto-
matic elevation in serum aminotransferases, which occurs in
1% to 2% of patients treated for short periods.”® High-dose
vitamin C resulting in high circulating concentrations, may
affect the accuracy of point-of-care glucometers in assessing
glycemic status in the ICU.7° Interferons are unsafe in ad-
vanced cirrhosis, and portal hypertension and interleukin in-
hibitors are not well studied in cirrhosis, and hence their use
should be strictly compartmentalized to research protocols.
Even though zinc supplementation has not been shown to
have beneficial disease-modifying properties in COVID-19,
a recent meta-analysis demonstrated mild benefits in re-
ducing hepatic encephalopathy. It may be considered an
adjuvant to the standard of care in patients with cirrhosis
and COVID-19 with hepatic encephalopathy.8® Plasma and
other blood product transfusions have detrimental effects
in patients with cirrhosis and portal hypertension. Hence,
transfusions must be curtailed in the absence of evidentiary
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proof for utility.81 The benefits of vitamin D supplementation
in COVID-19 patients remain to be determined. However,
in those with insufficient levels (such as cirrhosis), supple-
mentation therapy can be considered as per recommended
guidelines. Nonetheless, whether this would benefit clini-
cal outcomes in COVID-19 warrants further study.82 A large
body of published evidence suggests thrombotic events’
central role in negative outcomes in patients with severe
and critical COVID-19. In this regard, current recommenda-
tions for venous thromboembolism prophylaxis should be
followed as per the standard of care for hospitalized adults.
However, in cirrhosis, in those who have bled from varices
or have variceal bleeding or are at high risk for variceal
bleeding, anticoagulation use needs caution and must be
tailored on a case basis. In this regard, newer diagnostic
point-of-care modalities to assess the coagulation state,
such as thromboelastography (i.e. TEG™) or rotational
thromboelastometry (i.e. ROTEM®), could help guide pro-
phylactic anticoagulation in patients with cirrhosis.83-86

Supportive treatment for severe or critically ill COV-
ID-19 patients with cirrhosis

Norepinephrine is the first-choice vasopressor for cirrhosis
patients with shock, as per standard recommendations fol-
lowed in patients with septic shock. Additionally, terlipres-
sin may be considered as it has shown benefits for acute
variceal bleeding and kidney injury. The use of dopamine in
cirrhosis is not recommended, due to the high risk of induc-
ing arrhythmias, and dobutamine is recommended only in
patients with clinically significant myocardial dysfunction.
Applications of intravenous human albumin in cirrhosis with
sepsis, acute kidney injury, hepatic encephalopathy, and hy-
potension have been well documented in the literature. Ad-
juvant use of intravenous human albumin is recommended
in severe and critically ill cirrhosis patients, in the absence
of absolute contraindications for use. In cirrhosis, profound
distributive shock leads to the development of refractori-
ness towards inotropes and pressors. In such a situation,
the use of methylene blue has been shown to reduce the
requirement of inotropes and could potentially be used as a
salvage option. Methylene blue has also been hypothesized
as an inhibitor of NO with antagonistic effects on bradykinin
that could improve oxygenation at the pulmonary level in
patients with COVID-19. However, with regards to methyl-
ene blue, further clinical studies are required to confirm this
proposal.70:71.87-90

For patients with acute hypoxemic respiratory failure de-
spite conventional oxygen therapy, high-flow nasal cannula
oxygen is preferred over noninvasive positive pressure ven-
tilation. However, in patients with severe hepatopulmonary
syndrome, the latter may be considered in a well-controlled
environment.®® With high-flow nasal cannula, to optimize
the alveolar recruitment, improve dead-space carbon diox-
ide washout as well as the positive end-expiratory pressure
or to reduce airway resistance, it is prudent to initiate flow at
60 L/m, especially in situations of acute respiratory failure.
In patients with hypoxemic respiratory failure and those with
hypercapnia, targeted oxygen saturation should be in the
range of 94-98% in the former and 88-92% in the latter.
Cirrhosis patients with overt hepatic encephalopathy with a
high risk of aspiration and those with hemodynamic instabil-
ity should be excluded from high-flow nasal cannula use as
risks outweigh benefits, including delay in early intubation.9?
For COVID-19 patients with persistent hypoxemia despite in-
cremental oxygen supplementation, endotracheal intubation
is not otherwise indicated; a trial of awake prone position-
ing to improve oxygenation is recommended. However, this
strategy can be difficult to pursue in decompensated cirrho-
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Fig. 3. Summary of proposed management of COVID-19 in patients with cirrhosis. AD, acute decompensation; AKI, acute kidney injury; AVB, acute var-
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sis patients who have ascites or hydrothorax. Awake prone
positioning as rescue therapy for refractory hypoxemia to
avoid intubation is not recommended, and early intubation
should be considered in such situations, especially in cir-
rhosis. In cirrhosis, sedation choice in such circumstances
should ideally include medications with short half-lives, such
as propofol and remifentanil, with avoidance of benzodiaz-
epines. Dexmedetomidine was well tolerated in patients with
liver disease who received the medication for more than 48
h. Nonetheless, patients with liver disease required more
time before extubation after drug discontinuation.93

For mechanically ventilated adults with COVID-19 and
ARDS, low tidal volume ventilation (4—8 mL/kg of predicted
body weight) is recommended. In those with refractory hy-
poxemia, despite optimized ventilation, prone positioning
for 12 to 16 h per day is suggested. Inhaled pulmonary
vasodilator as rescue therapy if no rapid improvement in
oxygenation is suggested if optimized ventilation and other
rescue strategies do not resolve hypoxemia. The routine
use of extracorporeal membrane oxygenation (ECMO) for
patients with COVID-19 and refractory hypoxemia in this
situation is controversial, and no recommendation can be
made. In patients with cirrhosis and ARDS with life-threat-
ening hypoxemia and hepatopulmonary syndrome, anecdo-
tal reports have shown the benefits of using ECMO, even as
a bridge to liver transplantation. Nonetheless, liver tests,
especially bilirubin and alkaline phosphatase levels, were
found to predict poor outcomes post-ECMO in cardiac sur-
gery patients. Hence, advanced cirrhosis patients may not
be ideal candidates for ECMO in critical COVID-19. The use
of ECMO also can lead to an elevation in liver enzymes. Fur-
ther to this, a nationwide population-based cohort study on
the outcome of ECMO support in patients with liver cirrhosis
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showed that its utility for cirrhosis patients, especially when
>2 risk factors (age =65 years, those with underlying res-
piratory disease, hypoalbuminemia, and liver transplant re-
ceipt) have been identified, was deleterious on clinical out-
comes.%4-97 In case staged upgraded medical interventions
fail to improve hypoxemic respiratory failure, then ECMO
may be considered on a case-by-case basis and following
inclusion as per EOLIA trial criteria, which include one of the
following: a ratio of the partial pressure of arterial oxygen
(Pao2) to the fraction of inspired oxygen (Fio2) of less than
50 mmHg for more than 3 h or Pao2:Fio2 of less than 80
mmHg for more than 6 h or an arterial blood pH of less than
7.25 with a partial pressure of arterial carbon dioxide of at
least 60 mmHg for more than 6 h.

Even though the early use of ECMO does not significantly
improve mortality at 60 days in patients with severe ARDS,
it might help improve short-term survival when used as a
rescue modality.®® For critically ill patients with COVID-19
who have acute kidney injury and develop indications for
renal replacement therapy, continuous renal replacement
therapy is recommended. In its absence, prolonged inter-
mittent renal replacement therapy holds for those with cir-
rhosis and advanced liver failure.99-190 At present, for pa-
tients with COVID-19 and severe or critical illness, empiric
broad-spectrum antimicrobial therapy in the absence of
another indication is not recommended. However, in the cir-
rhotic population, especially among those with decompen-
sation such as variceal bleeding or those with ACLF, early
empirical antibiotics may be considered since the patients
are at high risk of developing hospital-acquired infections
and secondary bacteremia.101-103 An exhaustive algorithm
for the management of cirrhosis patients with COVID-19 is
shown in Figure 3.
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Conclusions

The incidence of COVID-19 among patients with cirrhosis
may be low but further studies are required to address this
topic clearly. The novel coronavirus does not cause direct
liver injury or promote liver failure, but severe infections
can result in unstable decompensation of cirrhosis and ACLF.
COVID-19 in decompensated cirrhosis and in conditions that
lead to ACLF are associated with poor clinical outcomes, even
though the most common cause for mortality is lung failure
and not progressive liver dysfunction. Current recommended
treatment guidelines, such as use of corticosteroids appear
to be safe in patients with stable cirrhosis, while caution must
be exerted towards experimental and nonevidence-based
treatments in this special patient population, especially in
patients with decompensated cirrhosis with secondary sep-
sis and those with ACLF. Physician-driven use of experimen-
tal methods or therapeutics within clinical research must be
guided by its safety in the liver disease population. Critical
care management of severe COVID-19 in cirrhosis should be
on similar lines as in the general patient population but with
the use of specific therapies beneficial in cirrhosis, such as in-
travenous human albumin and terlipressin. Early recognition
of those at risk for worse outcomes is imperative for impart-
ing beneficial critical care management in cirrhosis.
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Abstract

The coronavirus disease 2019 (COVID-19) is associated
with high morbidity and mortality, prompting overwhelmed
hospital systems to reallocate resources to those stricken
with the disease. In response, many liver transplantation
programs unexpectedly came to an abrupt halt, significantly
affecting the lives of living donors and recipients around the
world. As the risk-benefit scale of liver transplantation has
changed in the era of COVID-19, it is prudent to understand
the impact of COVID-19 on those with underlying liver dis-
ease and those in need of a liver transplant. In this re-
view, we discuss recommendations put forth by hepatology
and transplant societies, summarize results from emerging
studies, and propose strategies to appropriately risk stratify
patients prior to transplantation.

Citation of this article: Patel P, Pillai A. Liver transplanta-
tion services during the time of COVID-19. J Clin Transl Hepa-
tol 2021;9(4):587-591. doi: 10.14218/JCTH.2021.00095.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) has affected over 72 million patients around
the world as of December 2020.1 Due to the rapid rise of
COVID-19, hospitals and policy makers implemented dras-
tic changes to allow for resource reallocation aimed at treat-
ing patients stricken by the virus. Surgical operating rooms
were transformed into intensive care units (ICUs), specialty
providers were deployed to COVID-19 units, and lifesaving
ventilators were rationed due to overwhelmed healthcare
systems. As a result, organ transplantation centers were
brought to an abrupt halt in the wake of a quickly growing
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pandemic.

Undoubtedly, the COVID-19 pandemic has shifted the
risk-benefit scale of liver transplantation.? Reliability of di-
agnostic testing, risk of infection, transmission in the peri-
operative setting, and the impact of immunosuppression
are all major concerns.® Additionally, increased periopera-
tive complications in patients infected with COVID-19 at
time of surgery have also been reported.*

As transplant programs safely reopen, modifications to
standard protocols are necessary to provide safe and ef-
fective methods of organ transplantation for both deceased
and living donors. In this article, we explore how this pan-
demic has affected and changed liver transplantation and
summarize recommendations from multiple health organi-
zations.

COVID-19 and liver disease

Data on the effect of COVID-19 on patients with chronic liver
disease is growing exponentially. In a study of over 2,500
patients with COVID-19 in the United States, patients with
chronic liver disease and COVID-19 were almost five times
more likely to die than those without COVID-19 (relative risk
[RR]=4.6, 95% confidence interval [C1]=2.6—-8.3, p<0.001).5
Similarly, in a study of over 88,000 patients in the Veterans
Affairs national healthcare system, COVID-19 infection was
associated with a 3.5-fold increase in mortality in patients
with cirrhosis and cirrhosis was associated with a 1.7-fold
increase in mortality in patients with COVID-19 infection.®
Preliminary data suggest mortality attributable to COVID-19
is higher in patients with more advanced liver disease and
is strongly correlated with Child-Pugh (CP) class.” Mortality
rates were 12.2% in patients without cirrhosis compared to
23.9% in patients with CP Class A vs. 43.4% in patients with
CP Class B, and 63% in those with CP class C.” In addition
to baseline liver disease stage, analysis of an international
registry of patients with chronic liver disease and COVID-19
found that age (odds ratio [OR] 1.02, 95% CI=1.01-1.04,
p=0.011) and alcohol-related liver disease (OR 1.79, 95%
CI1=1.03-3.13, p=0.040) were also factors associated with
death.8 Conversely, Bajaj and colleagues® observed in a mul-
ticenter trial that, when matched for age and gender, pa-
tients with cirrhosis and COVID-19 may have similar mortal-
ity compared to patients with cirrhosis alone, although higher
than in patients with COVID-19 without cirrhosis.

COVID-19 and liver transplantation outcomes

The initial paucity of data left clinicians uncertain about the
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impact of COVID-19 in solid organ transplant (SOT) recipi-
ents. Early single-center reports, limited by small sample
sizes and restricted geographic domains, published variable
mortality rates, leaving providers unsure about the safety
of transplantation during this time.1%11 As a result, many
transplant centers around the world were suspended dur-
ing the initial wave of the pandemic. Lombardy, Italy was
drastically affected by COVID-19, with hospitals required to
expand the total number of ICU beds from 724 to 1,381 to
accommodate patients with the virus.?? Although authori-
ties had not formally halted the transplant programs across
Lombardy, there was a temporary decrease in liver trans-
plantation due to several reasons, including an overwhelm-
ing influx of COVID-19 patients to ICU beds, redeployment
of ICU doctors (leaving a paucity of specialists to care for
liver transplant recipients), lack of data regarding the risk of
nosocomial COVID-19 in recipients, and concerns regarding
the safety of the procurement teams who may be exposed
to potentially infected patients.'? A similar decline in solid
organ transplantation procedures was seen in France, with
a 90.6% reduction in deceased donor transplantation since
the COVID-19 outbreak.3

Countries with large living donor programs were similar-
ly affected. In a study conducted in India, the effects of the
COVID-19 pandemic on living donor liver transplantation
(LDLT) were evaluated from March to June 2020 and com-
pared to a pre-COVID period in 2019. LDLTs in COVID-19
times decreased to 58.9% of the previous year, with no
significant difference in age, gender or indication of LDLT.
One of twenty-three post-transplant recipients, three of
seventy-one recipients and donors during evaluation, and
eight of one hundred and twenty-five healthcare workers
developed COVID-19 during this time, all with uneventful
recovery.14

Although transplantation rates initially decreased during
the height of the pandemic, growing collaborations among
researchers worldwide has since led to multicenter data on
outcomes in SOT recipients and has improved risk stratifica-
tion in this patient population. In a study of 482 SOT recipi-
ents from over 50 transplant centers, the 28-day mortality
rate after COVID-19 diagnosis was 18.7%. In that study, in-
dependent risk factors for mortality included age >65 years
(OR 3.0 95% CIl=1.7-5.5, p<0.001), presence of conges-
tive heart failure (OR 3.2, 95% CIl=1.4-7.0, p=0.004),
chronic lung disease (OR 2.5, 95% Cl=1.2-5.2, p=0.018)
and obesity (OR 1.9, 95%CI 1.0-3.4, p=0.039).1° Immu-
nosuppression was not found to be a risk factor for mortal-
ity.10 Similar mortality rates and risk factors for death were
identified in other large-sample studies. In a large, national
cohort study performed in England, 597 of the 46,789 SOT
(1.3%) recipients who tested positive for COVID-19 had a
mortality rate of 25.8%. Increasing recipient age was the
only variable independently associated with death after a
positive COVID-19 test in that study.1®

As more data became available, the impact of COVID-19
was specifically evaluated in liver transplant recipients.
In a prospective study of 19 European centers, 12 cent-
ers had registered 57 cases of liver transplant recipients
who contracted COVID-19.16 The most common symptoms
were fever (79%), cough (55%), dyspnea (46%), fatigue
or myalgia (56%), and gastrointestinal symptoms (33%).
Immunosuppression was reduced in 22 recipients (37%)
and discontinued in 4 (7%), but no impact on outcome was
observed. The estimated case fatality rate was 12% (95%
Cl=5% to 24%), and notably five of the seven patients who
died had a history of cancer.16

Similar data were seen in a prospective nationwide study
in Spain, which found fever and cough to be the most com-
mon symptoms of COVID-19 in liver transplant recipients.1”
In that study, the mortality rate was 18%, which was low-
er than in the matched general population (standardized
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mortality ratio 95.5, 95% CI=94.2-96.8).17 Clinical pre-
dictors of severe COVID-19 among hospitalized patients
included higher Carlson co-morbidity index (RR=1.28,
95% Cl=1.05-1.56, p=0.015), male gender (RR=2.49,
95% Cl=1.14-5.41, p=0.021), and dyspnea at diagnosis
(RR=7.25, 95% CI1=2.95-17.82, p<0.001).

Webb et al.1® also found that increased age and presence
of comorbidities carry more risk than the liver transplanta-
tion itself. In a multicenter trial of 151 adult liver transplant
recipients from 18 countries and 627 patients who had not
undergone liver transplantation, there was no difference in
proportion of patients hospitalized (124 [82%] patients in
the liver transplant cohort vs. 474 [76%] in the comparison
cohort, p=0.106), or who required intensive care (47 [31%]
vs. 185 [30%], p=0.837). ICU admission (43 [28%] vs.
52 [8%], p<0.0001) and need for invasive ventilation (30
[20%] vs. 32 [5%], p<0.0001), however, were more fre-
quent in the liver transplant cohort. There was no difference
in death between the two groups (19% in the liver trans-
plant group vs. 27% in the non-transplant group, p=0.46),
and in a propensity score matched analysis, liver transplant
did not increase the risk of death in patients with COVID-19
(absolute risk difference 1.4%, 95% CI=7.7-10.4). Only
age, serum creatinine, and non-liver cancer were associ-
ated with increased risk of death in the liver transplantation
group.'® A Swedish study also found older age, male sex,
and greater body mass index at presentation to be associ-
ated with adverse outcomes.®

With new potential treatment options, vaccinations, and
emerging data on the safety of liver transplantation, more
programs around the world have begun to reopen and in-
crease their transplant volumes. The reopening of trans-
plant programs in England was addressed by the National
Health Services Blood and Transplant (NHSBT) unit.2° Given
the challenges faced by units vary by geographical location,
organ type and local resource environments, NHSBT felt
these considerations were best evaluated at the local level.
As these challenges are in constant flux, especially with the
new strains of the virus and multiple waves of the pandem-
ic, the NHSBT has proposed guidelines to consider prior to
reopening of programs. These include assessing the avail-
ability of adequate resources (multidisciplinary team input,
number of ward beds, anesthesia availability, personal pro-
tective equipment, blood products, etc.) and microbiology
and infection control policies meeting national standards.
The impact of reopening transplant programs around the
world, particularly with new strains of the virus emerging,
has yet to be seen.

Liver transplant evaluation in the COVID-19 era

The COVID-19 pandemic has admittedly affected the evalu-
ation and listing process for liver transplantation. During the
height of the pandemic, many transplant centers restricted
transplants to their sickest patients or completely halted
their transplant programs, significantly decreasing organ
procurements and thereby adversely affecting transplant
wait times and wait list mortality.??

While there is no universal policy on how to best uti-
lize resources and ensure patient and healthcare provider
safety, it is imperative for centers to critically and careful-
ly develop policies and protocols that best fit their patient
population and consider the prevalence of COVID-19 in their
area.?! For patients undergoing liver transplant evaluation,
multidisciplinary care teams, such as those involving trans-
plant education, social work, nutrition, and pharmacy and
financial consults, should be conducted via telemedicine
whenever possible.?! For patients who are scheduled for in-
person visits, precautions should be made in advance to
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limit exposure, including staggering patient arrival times,
decreasing congregation in patient waiting rooms, ensur-
ing appropriate use of masks, screening for symptoms, and
limiting the number of family members/friends that accom-
pany the patient.

When the determination is made to proceed with trans-
plantation efforts, the American Association for the Study
of Liver Disease (AASLD) recommends ensuring appropri-
ate resource utilization (ICU beds, ventilators, personal
protective equipment, and supply of blood products) and
frequent re-evaluation of these resources.?! In centers with
ongoing resource limitations, the European Association for
the Study of Liver Disease (EASL) suggests prioritizing liver
transplantation in patients with poor short-term progno-
sis (i.e. those with acute liver failure, acute-on-chronic
liver failure, high model for end-stage liver disease [MELD]
scores and hepatocellular carcinoma [HCC] at the upper
limits of the Milan criteria).??2 Other additional considera-
tions include accepting only grafts with a low risk of de-
layed graft function, as this can minimize complications and
avoid prolonged hospital stays and implementing perioper-
ative management in a specific, designated clean 1CU.21.22
Once listed, patients should be triaged appropriately (as
discussed below) and telemedicine visits should be utilized
when appropriate.

Waiting on the transplant list during COVID-19

For outpatient management of those on the transplant list,
AASLD recommends scheduling specific patients, particular-
ly those with HCC or high MELD scores, for in-person clinic
visits while using telemedicine for patients with less urgent
issues.?! Outpatient labs and imaging should be obtained
only as clinically necessary. During the height of the pan-
demic, the Organ Procurement and Transplantation Network
(OPTN) temporarily enacted policy changes where centers
and patients were no longer required to update labs or im-
aging as a means to maintain MELD score. During this time,
clinical data and imaging from previous exception petitions
(i.e. those with HCC) could be maintained if updated data
could not be obtained. These policies were implemented by
OPTN to help prevent unnecessary exposure to transplant
recipients and living donors and to alleviate data burden
for transplant centers during the initial wave of the pan-
demic.23 However, in patients listed with HCC, Mehta and
colleagues?* recommend obtaining preoperative imaging at
time of admission for liver transplant, if not done within 3
months, to ensure tumor characteristics meet standard liver
transplant criteria.

Additional measures to reduce transmission during the
peri-transplant period include social isolation for waiting list
patients, telephone screening for symptoms and exposures
before admission, and staggering patient arrival times to
avoid congregating in waiting area.2122

COVID-19 diagnosis and testing

The risk of COVID-19 infection from an infected living donor
or deceased donor is limited at this time and is evolving as
more data becomes available. Furthermore, it is essential to
recognize that while testing is helpful, no laboratory test is
100% specific or sensitive, allowing for false positives and
false negatives. The positive and negative predictive values
are determined by a specific assay performance, taking into
account the amount of locally circulating virus and speci-
men quality.25 Ultimately, the risks and benefits should be
considered on a case-by-case basis prior to performing or
denying a transplant.

Testing donors

The American Society of Transplantation (AST) recom-
mends all potential deceased and living donors be screened
for suspected COVID-19.25 Testing by nucleic acid testing
(NAT) should occur as close to the time of organ procure-
ment as possible and should be obtained at least once from
an upper or lower respiratory sample. Although some cent-
ers have serology or antibody testing available, interpreta-
tion of these tests is still not fully elucidated. If used, AST
recommends to view results as adjunctive data, rather than
diagnostic or definitive data (Fig. 1).2%

Special considerations in living donors

For living donors, if more than 3 days have passed between
time of testing and procurement, a repeat sample from the
respiratory sample is recommended. Additional recommen-
dations include delaying transplant for asymptomatic living
donors with a known exposure history within the previous
14 days. Active COVID-19 infection is considered a con-
traindication to transplant at this time. If a living donor had
a previous COVID-19 infection, consideration for organ ac-
ceptance can be made if repeat NAT testing is negative or if
the initial infection occurred between 21 and 90 days prior
to donor evaluation, irrespective of repeat NAT testing, and
symptoms have resolved.?>

Special considerations in deceased donors

Similar to screening protocols set forth for living donors,
AST recommends viral testing of at least one sample from
the respiratory tract by NAT within 3 days of procurement.
Some experts even recommend a second viral test be per-
formed 24 hours after the initial test and within 24—-48 h of
procurement, if possible. For deceased donors with previ-
ous COVID-19 infection, recommendations similar to those
for living donors with previous COVID-19 should be fol-
lowed.?5

Post-liver transplant management during the COV-
ID-19 pandemic

Concerns that patients with liver transplants may be at a
higher risk from COVID-19 due to use of immunosuppres-
sion and underlying comorbidities are still under investiga-
tion. Preliminary data suggest a similar or even lower in-
cidence of COVID-19 infection in transplanted patients to
that of the general population. In a large Italian survey of
640 patients, the incidence of COVID-19 in liver transplant
recipients was only 1.25%, with 75% of patients developing
only mild disease.26

The impact of immunosuppression in COVID-19 is also
not well known. Emerging data suggest that, while post-
transplant immunosuppression may prolong viral shedding
in patients with COVID-19, mortality from COVID-19 may
not be substantially different than in the general popula-
tion.?! In a large multicenter cohort study, 151 patients
with COVID-19 from 18 countries who had previously re-
ceived a liver transplant were compared from a contempo-
raneous cohort of 627 patients with COVID-19 and without
a history of liver transplant. After adjustment for age, sex,
creatinine, obesity, hypertension, diabetes or ethnicity,
liver transplantation did not significantly increase the risk
of death in patients with SARS-COV2 (absolute risk dif-
ference 1.4%, 95% Cl=-7.7 to 10.4, p=0.764).18 Rather,
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age, serum creatinine and non-liver cancer were associ-
ated with death among liver transplant recipients.® An-
other prospective nationwide study of 111 liver transplant
recipients in Spain with COVID-19 also demonstrated that
chronic exposure to immunosuppressive agents did not in-
crease standardized mortality rates. However, findings did
suggest that high doses of mycophenolate could increase
the risk of severe COVID-19 among hospitalized liver trans-
plant patients.”

With the evidence and data that are available, AASLD
and EASL recommend not changing immunosuppressive
regimens in post-transplant patients without COVID-19,
while emphasizing general precautionary measures such as
maintaining social distancing, wearing masks, and avoid-
ing travel.?1:22 |In post-transplant patients with COVID-19,
adjustment of immunosuppression should be individualized
with severity of COVID-19 weighed against risk of graft re-
jection. Minimizing immunosuppression, particularly anti-
metabolite medications, should be considered as would be
done with contraction of other infections.2!

Potential treatment options for COVID-19 are under re-
view, but the effect of these medications on liver transplant
recipients remains unknown. Given the paucity of data,
close monitoring is recommended for possible drug-drug
interactions and adverse reactions.2’

Conclusion

The COVID-19 pandemic has had a dramatic impact on
transplant programs, recipients and donors around the
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Fig. 1. Proposed approach to COVID-19 testing for liver transplantation. *Data on organ donation from previous COVID-19-infected donors are limited and
decision to proceed with transplantation should occur on a case-by-case basis. Discussions with the transplant recipient should be arranged and risks and benefits of
transplantation vs. no transplantation should be thoroughly explained.2> **Repeat positive PCR within 90 days most likely reflects persistent shedding or viral RNA
rather than new infection, but organ acceptance should only be considered after consultation with 1D experts.25 Figure adapted from the AST. SARS-COV2: Recommen-

dations and Guidance for Organ Donor Testing. Available at: https://www.myast.org/sites/default/files/Donor%20Testing_100520_revised_ReadyToPostUpdated10-12.
pdf.25 ID, infectious disease; COVID-19, coronavirus disease 2019.

world. Resource reallocation during the height of the pan-
demic brought many transplant programs to a halt. Al-
though data continues to evolve, this review summarizes
the available evidence and society recommendations to help
liver transplant programs safely perform organ transplan-
tation. Appropriate risk stratification of patients with liver
disease, methodological testing of donors and recipients
prior to transplantation, and minimizing transmission are
key components in providing a safe and effective method to
resume deceased donor and living donor liver transplanta-
tion around the world.
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Abstract

B cell-mediated humoral immunity plays a vital role in viral
infections, including chronic hepatitis B virus (HBV) infection,
which remains a critical global public health issue. Despite
hepatitis B surface antigen-specific antibodies are essential to
eliminate viral infections, the reduced immune functional ca-
pacity of B cells was identified, which was also correlated with
chronic hepatitis B (CHB) progression. In addition to B cells,
T follicular helper (Tfh) cells, which assist B cells to produce
antibodies, might also be involved in the process of anti-HBV-
specific antibody production. Here, we provide a comprehen-
sive review of the role of various subsets of B cells and Tfh
cells during CHB progression and discuss current novel treat-
ment strategies aimed at restoring humoral immunity. Under-
standing the mechanism of dysregulated B cells and Tfh cells
will facilitate the ultimate functional cure of CHB patients.

Citation of this article: Li Y, Yin S, Issa R, Tong X, Wang
G, Xia J, et al. B cell-mediated humoral immunity in chronic
hepatitis B infection. J Clin Transl Hepatol 2021;9(4):592—
597. doi: 10.14218/JCTH.2021.00051.

Introduction

Hepatitis B virus (HBV) infection remains a significant cause
of liver cirrhosis and hepatocellular carcinoma globally, es-
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pecially in developing countries like China. In 2015, the
World Health Organization (WHO) estimated that 257 mil-
lion individuals live with chronic hepatitis B (CHB) world-
wide,12 resulting in 887,000 yearly deaths, mostly due to
HBV infection-related hepatocellular carcinoma and cirrho-
sis.3-5

The challenge to CHB treatment is the failure to clear co-
valently closed circular DNA (referred to as cccDNA), which
can give the virus the capacity to evade the host immune
system, making a complete sterilizing cure unlikely to be
feasible.® On the other hand, a functional cure is defined as
a sustained clearance of hepatitis B surface antigen (HB-
sAg) with or without seroconversion to anti-HBs antibodies
after a finite course of therapy, but with the persistence
of residual cccDNA. The functional cure of CHB has been
considered as a feasible clinical treatment goal,”8 which is
correlated with improved clinical outcomes.® Nevertheless,
only a small proportion of patients reach this milestone.10.11

The complex interaction between HBV and the host im-
mune system drives the process of chronic HBV infection,
in which the anti-HBV adaptive immune system processes
facilitate the clearance of HBV. Despite T cell responses
having been well-studied in HBV infection, the beneficial
biological function of B cells for functional cure of CHB has
been consistently neglected. In addition, T follicular help-
er (Tfh) cells which regulate the B cell-mediated humoral
immune responses have been identified as phenotypically
distinct, leading to humoral immunity defection in patients
with CHB.12 Hence, in this review, we will discuss the role
of B cell-mediated humoral responses during chronic HBV
infection and the current promising treatment strategies to
induce robust anti-HBV humoral responses (Fig. 1).

Protective role of antibody in HBV control and clear-
ance

B cell-mediated humoral immune responses are essential
for HBV control and clearance. Universal vaccination against
HBV has remarkably decreased HBV infection rate, since
anti-HBsAg antibodies (i.e. anti-HBs) induced by immuni-
zation could prevent HBV infection.13 It is considered that
those individuals with an anti-HBs concentration of =10
mlU/mL were immune against HBV infection, while those
with an anti-HBs concentration of <10 mlU/mL might re-
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Fig. 1. B cell-mediated humoral immunity in immunized healthy individuals and CHB patients. (A) HBsAb production by HBsAg-specific B cells in immunized
healthy individuals plays a pivotal role in the clearance of HBV. A major antiviral role for HBsAb is viral clearance, mediated by neutralization, antibody-dependent cel-
lular cytotoxicity and antibody-dependent cellular phagocytosis. Tfh cells could assist B cell function by expressing cytokines such as IL-21, IL-6 and IL-4 and direct
interactions through CD40L/CD40. (B) In CHB patients, B cells were phenotypically dysfunctional with increased expression of T-bet, TLR7/9 and FcRL5. During CHB
infection, despite HBcAg-specific B cells being class-switched memory B cells and secrete anti-HBc, HBsAg-specific B cells fail to mature efficiently into antibody secret-
ing cells, leading to the scarcity of serological anti-HBs. Beyond the traditional role of antibody production, HBV-specific B cells might efficiently serve as a primary
source of APC for T cells and induce CTLs responses. Moreover, B cells can produce cytokines such as IL-10 to inhibit the function of effector T cells and enhance Treg
cell function. TFR and Treg cells can impair the Tfh function by secreting IL-10 and expressing CTLA4. The dysregulated B cells, Tfth cells, TFR cells and Treg cells might
contribute to the defective function of B cell mediated humoral immunity during CHB infection. HBV, hepatitis B virus; CHB, chronic hepatitis B; Tfh, T follicular helper;
HBsAg, hepatitis B surface antigen; APCs, antigen-presenting cells; TLR, toll-like receptor; IL-10, interleukin-10.

quire an additional booster vaccine dose.14-16

The specific antibodies against different HBV protein
components are one of the major approaches for B cells
to be involved in anti-HBV infection, such as antibody to
hepatitis B core antigen (anti-HBc), antibody to hepatitis
B e antigen (anti-HBe) and anti-HBs. Anti-HBc and anti-
HBe serve as diagnostic biomarkers for HBV infection, while
anti-HBs antibody is the only antibody that can specifically
recognize and bind to HBsAg,1"-18 thus serving an impor-
tant role in HBsAg clearance.!® First, anti-HBs can not only
block HBV entry by binding to free HBV viral particles as
protective neutralizing antibodies to reduce viral load in
vivo29-22 put it also can mediate antigen-dependent cellular
cytotoxicity and antigen-dependent cellular phagocytosis to
clear infected cells.?3 HBV reactivation and hepatitis are well
recognized complications that occur in patients who have
undergone cytotoxic chemotherapy or immunosuppressive
therapy.?* For example, high incidence of HBV reactiva-
tion was observed in lymphoma patients who were HBs-
negative/anti-HBc-positive with or without anti-HBs and

receiving rituximab-containing chemotherapy.?®> Negative
anti-HBs at baseline is an independent risk factor for HBV
reactivation in patients with resolved CHB, compared with
higher titer of anti-HBs =100 mIU/mL.26 Moreover, adop-
tive transfer of HBV-specific immunity with the liver from
an immune living liver donor leads to successful transfer of
HBV-specific humoral and cellular immunity, which might
be responsible for the delay of reinfection and a reduction
of viral load.?” Therefore, anti-HBs is essential to alleviate
disease advancement and prevent reinfection during CHB.
Several neutralizing monoclonal antibodies (referred to
as mADbs) specific to HBsAg have been reported. For ex-
ample, human mAbs including 2H5-A1428 and Bc1.1872°
that block the engagement of HBsAg to sodium taurocho-
late co-transporting polypeptide potently neutralize HBV in
vitro. In addition, they could decrease viremia in vivo in
an HBV mouse model. E6F6 that recognizes an evolution-
arily conserved epitope (GPCK(R)TCT) not only prevented
initial HBV infection and reduced the viral dissemination in
human-liver-chimeric mice but also facilitated the restora-
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tion of anti-HBV T cell response in hydrodynamic infection-
based HBV carrier mice.3° Furthermore, in vivo delivery of
a DNA-encoded monoclonal antibody plasmid can efficiently
neutralize HBV virus in vitro.3! These antibodies can serve
as a promising immunotherapeutic regimen or immuno-
prophylaxis for HBV infection.

Beyond the traditional role of antibody production, B
cells also may play a vital role as professional antigen-pre-
senting cells (APCs) during CHB infection.2532 Compared to
the classical non-B cell APCs, HBcAg-specific B cells might
efficiently serve as a primary source of APCs for native
HBcAg-specific T cells.33-36 In addition, B cells can induce
an HBcAg-specific cytotoxic T lymphocytes (CTLs) response
and further prevent immune tolerance by the cross-presen-
tation of HBcAg on major histocompatibility complex-1 (i.e.
MHC-1) to specific CD8* T cells. At the same time, HBsAg is
a special exogenous antigen, which can be involved to MHC-
I molecules expressed on B cells.37:38

Immune dysfunction of B cells during CHB infection

HBV infection has exerted a significant impact on the glob-
al B cell compartment and HBV-specific antibody secre-
tion.39:40 Global peripheral B cells were activated with re-
duced functional capacity, while anti-HBs-secreting B cells
were rarely detected.1941 Additionally, although total im-
munoglobulin G (IgG) in the serum among CHB patients
is remarkably greater than in that of healthy controls, the
absence of HBV-specific antibodies was observed.3942:43 B
cell hyperactivation, differentiation disorder, activation of
inhibitory signal and regulatory B cells may contribute to
immune dysfunctions observed in CHB patients.4445

A hallmark of chronic hepatitis infections, such as hepati-
tis C virus is the presence of immune exhausted virus-spe-
cific CD8*T cells, characterized by their inability to secrete
antiviral cytokines and an upregulation of inhibitory recep-
tors such as programmed cell death receptor-1 (referred to
as PD-1).46 B cell hyperactivation is characterized by en-
hanced expression of activation markers with displayed im-
paired function, especially in patients at immune active (1A)
and immune tolerance (IT) stage.*>47 Overall, the mecha-
nism of the hyperactivation of B cells remains to be clarified.
Xu et al'® reported that the B cell hyperactivation could be
induced by increased interferon (IFN)-a and sCD40 ligands
in 1A patients. The increased activation of CD71 and CD69
expressed on B cell accounts for the B cell hyperactiva-
tion.48:49 A high level of Toll-like receptor (TLR) 9 expression
likely contributes to the functional hyperactivation of B cells
in CHB patients.>0 A recent study revealed that B cells from
CHB patients had a markedly reduced capacity to generate
CD39/CD73-dependent extracellular adenosine and exhib-
ited increased activation markers after adenosine-produc-
tion blockade, suggesting CD39/CD73/adenosine pathway
might contribute to B cell hyperactivation.5t

The frequency of HBsAg-specific B cells was comparable
in both CHB patients and immunized healthy individuals,
while anti-HBs in CHB patients were detected at low level
or were even undetectable.52 In CHB patients, there was a
unique population of B cell subsets with high levels of inhibi-
tory receptors, including PD-1, which resemble CD21-CD27~
atypical memory B cells (referred to as atMBCs). These at-
MBCs had elevated level of defective signals, which might
be responsible for defective capacity of survival, cytokine
production and differentiation into antibody-secreting cells.
Such atMBCs were found to be expanded in CHB patients
and to have accumulated quickly in the HBsAg-specific com-
partment, which might reduce anti-HBs secretion4”-53 and
enhance B cell hyperactivation in CHB patients.41:54:55 |n ad-
dition, the transcription factor T-bet was also upregulated in
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CD21- B cells during murine and human HBV infections,5¢
which may be correlated with the inadequate production of
HBsAg-specific B cells among CHB patients.57-59 Moreover,
chemokine receptor 3 (CXCR3), Fc receptor-like 4 (FCRL4)
and FCRL5 are upregulated in B cells and associated with B
cell immune dysfunction during HBV infection.

A regulatory subset of B cells (regulatory B cells, Bregs)
is elevated in CHB patients,** which has been reported to
inhibit liver inflammation and immune disorders in mouse
models.69-61 previous studies showed that the frequency
of Bregs had a significant correlation with alanine ami-
notransferase (ALT) and glutamic oxaloacetic transaminase
(AST).52 Furthermore, CHB patients in the IA phase exhibit
increased Bregs due to inflammatory responses.%3 Howev-
er, the underlying mechanism of the Bregs’ elevation during
CHB infection remains unclear. Bregs could suppress CD8™*
T cell responses, which might serve a pathogenic role by
secreting interleukin-10 (IL-10), enhancing the function of
regulatory T-cells (Tregs),®2 and suppressing T cell from se-
creting proinflammatory cytokines in various autoimmune
diseases.63:64 During CHB infection, Bregs have a crucial
role in suppressing antiviral immune response by produc-
ing 1L-10.%5 Notably, in HBeAg-negative CHB patients, se-
rum IL-10 level was correlated with high virus load and
advanced liver inflammation,%6:67 while blockade of IL-10
could improve vaccine efficacy and disease resolution in
CHB patients.68-70

A recent study elegantly characterized the phenotype and
functional impairment of HBsAg-specific B cells and HBcAg-
specific B cells.”* Of note, B cell response against HBsAg
and HBcAg is different during CHB infection. HBcAg-specific
B cells are present at higher frequency than HBsAg-specific
B cells. Further, HBcAg-specific B cells are class-switched
memory B cells and secrete antibodies, while HBsAg-specif-
ic B cells failed to mature efficiently into antibody secreting
cells. The transcriptomic analysis showed that HBV-specific
B cells had an mRNA expression pattern that differs from
global memory B cells and express cross-presentation and
innate immune genes, suggesting additional roles of HBV-
specific B cells beyond the production of antibodies.

Multifunctional roles of Tfh cell subsets in CHB infec-
tion

T follicular helper (Tfh) cells are a unique subset of CD4*
T cells, which can directly help B cells secrete antibodies in
germinal centers (referred to here as GCs).”2-74 By colocal-
izing with B cells and expressing costimulatory signals as
well as various cytokines, Tfh cells directly interact with B
cells, facilitate B cell differentiation into long-lived plasma
cells and memory B cells with high affinity, and facilitate the
formation of GCs.”>77

Peripheral CD4*CXCR5™* T cells are considered as circu-
lating memory CD4* Tfh cells. Peripheral circulating mem-
ory Tfh cells had similar phenotypic and functional proper-
ties as Tfh cells in the GC, known as GC Tfh cells, such as
enhanced expression of CXCR5, stimulation of B cell matu-
ration, terminal differentiation of B cells into antibody-pro-
ducing plasma cells, and isotype switching. By the dominant
transcriptional factors and cytokines, the circulating human
memory Tfh cells have been divided into three subsets:
Tfhl (CXCR3*CCR67); Tfh2 (CXCR3-CCR67); and Tfh17
(CXCR3~CCR6%).78 It is considered that blood memory Tfh2
and Tfh17 cells can induce naive B cells to produce IgGs.
Interestingly, Tfh2 cells can preferably induce the secretion
of 1gG and IgE, and Tfh17 cells can effectively promote 1gG
and especially IgA secretion.’® while Tfh1 cells enhance pro-
tective antibody responses, making the memory B cells dif-
ferentiate into effector B cells.”9:80
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It has been well established that Tfh cells have an es-
sential role in various infectious diseases, such as Plas-
modium vivax infection,8! acute malaria,82 CHB,”2 human
immunodeficiency virus,83 and tuberculosis.®* Indeed, Tfh
cells also play a vital role during CHB progression. The fre-
quency of circulating Tfh cells (CXCR5*CD4™* T cells, cTfh
cells) was correlated with the serum levels of ALT and AST, 8>
suggesting that cTfh cells may be involved in HBV-specific
immune responses. Further evidence showed that CHB pa-
tients have a significant increase of Tfh cells compared to
healthy controls.12 The frequency of CD4*CXCR5* T cells in
IA patients was higher than that of IT patients and healthy
individuals,88-87 suggesting high frequency of CD4+*CXCR5*
Tfh cells could be a biomarker to assess the immune status
of CHB patients. cTfh cells secrete I1L-21 to facilitate HBeAg
seroconversion.88 On the other hand, HBsAg is a T cell-de-
pendent antigen, and seroconversion of HBsAg also requires
the assistance of Tth cells. A unique group of CXCR5*CD8™*
T cells with minimal levels of inhibitory receptors exerted
its potent cytotoxicity to control viral replication by mi-
grating into B cells follicles during CHB.51.89.90 A subset of
CD25*FOXP3* Treg-like cells in cTfh cells that was enriched
in patients, known as follicular regulatory T (referred to as
TFR) cells, could suppress helper function of Tth cells.®? In a
mouse model with persistent HBV infection, the function of
HBsAg-specific cTfh cells was blocked by Treg cells, whereas
the depletion of Treg cells could restore the cTfh function.92
Moreover, a group of type 1 regulatory T (i.e. Trl)-like cells
migrate from the liver to the draining lymph node and can
inhibit peripheral anti-HBV immunity by negatively regulat-
ing GC B cells and Tfh cells.?3

Novel CHB treatment strategies targeting B cells

The widely used clinical standard first-line antiviral thera-
peutics for chronic HBV infection include IFNs and nucleo-
side analogs (commonly known as NAs). IFNs have a strong
antiviral effect and immune-mediated function, which pro-
motes antiviral innate and adaptive immunity. Based on the
genetic, structural and functional characteristics and their
receptors on the cell surface, the IFN family is classified
into three major types: type-Il; type-Il; and type-IIl. Type-I
IFNs (IFN-a, IFN-B, IFN-g, IFN-k, and IFN-w) has been ap-
proved for the treatment of CHB infection.®4 Pegylated-IFN-a
eliminates the production of HBsAg and is well tolerated in
HBeAg-negative CHB patients.95-98 In addition to the previ-
ously reported efficiency of pegylated-IFN on T cells and
natural Killer cells,®® B cells may also play an essential role
in this process.100-102 pegylated-IFN-a treatment might ex-
ert the immunomodulatory effect by remodeling B cell com-
partments, which was correlated with a sustained increase
in sCD30 levels and decrease of plasma HBsAg.103:104

TLR agonists and checkpoint inhibitors are an emerg-
ing treatment strategy for CHB patients. TLR7 is highly ex-
pressed on B cells and has been proven to inhibit antibody
production. As an oral agonist of TLR7, GS9620 is currently
in clinical assessment to treat CHB patients.195 Preclinical
study showed that GS9620 treatment significantly induced
an intrahepatic transcriptional profile enriched with CD8* T
cells and B cells, contributing to clearance of HBV in a chim-
panzee model.1%¢ Also, TLR9 agonists such as CPG 7909
or 1018 ISS co-administrated with HBsAg induced robust
antibody responses among CHB patients.1%? Therefore,
combined immunotherapeutic agents might be necessary to
restore B cell function and induce the desired B cell antibody
response.

HBV therapeutic vaccines have also emerged as a prom-
ising treatment strategy to induce robust humoral respons-
es by activating B cells. For example, the ferritin nanopar-

ticle vaccine that delivers preS1 to specific myeloid cells,
including SIGNR1* dendritic cells, that activate Tfh cells and
lymphatic sinus-associated SIGNR1* macrophages that can
activate B cells.198 Furthermore, a recent study developed
a B cell epitope-based vaccine, which was able to suppress
serum HBsAg and HBV DNA by inducing SEQ13-specific an-
tibody response.109

Conclusion

During the pathogenesis of CHB, defective HBV-specific B
cells and antibodies were identified, in which global B cells
were dysfunctional; whereas, HBV-specific antibodies were
found to be insufficient and might be functionally limited.
Tth cells residing in peripheral blood, spleen and liver are
pivotal to facilitate the seroconversion of HBeAg and HB-
sAg. Novel hepatitis B treatment strategies targeting B cells
might facilitate the recovery of B cell function and develop
the desired B cell responses, leading to functional cure of
CHB.
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Abstract

Mucinous cystic tumor of the gallbladder is an extremely
rare benign tumor, with potential for malighant degenera-
tion. Mucinous cystic tumors of the cystic duct are divided
into mucinous cystadenoma and mucinous cystadenocarci-
noma. Currently, cystadenoma is generally considered to be
a precancerous lesion of cystadenocarcinoma. At present,
there are few cases reported worldwide, and there are no
relevant guidelines for diagnosis and treatment of this dis-
ease. This article presents the collected clinical data of a
patient with mucinous cystic tumor of the gallbladder who
was admitted to the First Affiliated Hospital of Hunan Nor-
mal University, with the characteristics of the disease sum-
marized in combination with a focused literature review.

Citation of this article: Liu S, Zhang Z, Guo C, Yu Z,
He S, Khan J, et al. Obstructive jaundice caused by muci-
nous cystic tumor of gallbladder: A case report and litera-
ture review. J Clin Transl Hepatol 2021;9(4):598—602. doi:
10.14218/JCTH.2020.00123.

Introduction

The cystic duct mucinous cystic tumor is a rare cystic duct
tumor with latent malignant lesions, and represents a spe-
cial pathological type in cholangiocarcinoma.®? Mucinous
cystic tumors of the cystic duct are divided into mucinous
cystadenoma and mucinous cystadenocarcinoma.® Cur-
rently, cystadenoma is generally considered to be a precan-
cerous lesion of cystadenocarcinoma, so patients in whom
this disease is suspected should be decisively operated, with
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their intraoperative fast frozen sections used to guide the
operation.2:3 The etiology of mucinous cystic gland tumors of
the bile ducts is currently unclear. Some believe that this is
a congenital disease, caused by fluid retention as a result of
inflammatory hyperplasia or obstruction of some abnormal
ducts that occurs during embryonic growth; others believe
that mucinous cystic tumors of the cystic duct are related to
preembryonic intestinal residual or ectopic ovarian tissue.1—3

The patient presented with painless jaundice that had
lasted for a duration of 1 month. In this case, the large
cystic duct tumor was found to have squeezed the common
bile duct to cause obstructive jaundice and dilated intrahe-
patic and extrahepatic bile ducts.

Case report

The patient was a 57 year old female, with complaint nausea
and vomiting for more than 1 month. She had been treated
at a local community hospital 1 month prior to presentation
at our hospital. However, after having received intravenous
fluids and antibiotics, her symptoms did not alleviate. Labo-
ratory examination upon presentation to our hospital showed
the following: total bilirubin of 143.9 pymol/L; direct bilirubin
of 109.6 ymol/L; alanine aminotransferase of 87.7 U/L; as-
partate aminotransferase of 78.25 U/L; alkaline phosphatase
of 201 U/L; gamma-glutamyltransferase of 682.0 U/L; carbo-
hydrate antigen 19-9 of 252.02 U/mL; cancer antigen 72—4
of 7.76 U/mL; and, negativity for the panel of antinuclear
antibodies. Findings for cancer antigen 125, blood routine,
and serum C-reactive protein were basically normal. Abdomi-
nal computed tomography (Fig. 1A, B) showed obstruction of
the lower part of the common bile duct, dilatation of the up-
per bile duct, and chronic cholecystitis. Magnetic resonance
choliangiopancreatography (Fig. 1C) showed thickening of
the lower part of the common hepatic duct with dilatation
of the bile ducts inside and outside the liver. For preopera-
tive jaundice reduction and cholangiography, percutaneous
transhepatic cholangial drainage (referred to as PTCD) was
performed. The PTCD angiography (Fig. 1D) showed filling
defect in the common bile duct and bile duct dilation.

In order to clarify the nature of the space occupied by
the bile duct and relieve the patient’s biliary obstruction,
abdominal cavity exploration, biliary exploration, prepara-
tion of biliary and enteral drainage were performed. A fro-

Copyright: © 2021 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.
“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/JCTH.2020.00123 and can also be viewed
on the Journal’s website at http://www.jcthnet.com”.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/JCTH.2020.00123
mailto:sissysyh@163.com
mailto:pengchuangcn@163.com
mailto:pengchuangcn@163.com

Liu S. et al: Mucinous cystic tumor of gallbladder

=

Fig. 1. Preoperative imaging revealed biliary obstruction. (A, B) Abdominal plain computed tomography scan plus enhanced (C) Magnetic resonance choliangio-
pancreatography and (D) PTCD angiography showed both intrahepatic bile duct dilation and common hepatic duct dilation, as well as a space-occupying lesion at the

confluence of the cystic duct.

zen section was assessed intraoperatively, and the results
were reported as: “Consider gallbladder cyst adenoma”. We
then performed an open cholecystectomy, biliary explora-
tion, and bile duct repair with shaping and T-tube drainage.

During the operation, a 4.0x2.0 cm mass of the cystic
duct protruded into the bile duct lumen (Fig. 2A-D). The
mass grew on the wall of the cystic duct with a pedicle, and
a few stones were seen in the gallbladder.

The predischarge inspection showed that the total biliru-
bin was 25.8 umol/L and the direct bilirubin was 18 pmol/L.
Computed tomography of the abdomen showed that the
dilatation of the bile ducts, inside and outside the liver,
was significantly less than before. Postoperative pathology
showed that there was a multicystic mass in the cystic duct,
4x2x2 cm in size, multicystic at the cut surface, and con-
taining light-yellow, clear liquid in the cyst. The pathological
diagnosis was mucinous cystic tumor with mild atypical hy-
perplasia with chronic cholecystitis immunohistochemistry
of cytokeratin 7 (+), cytokeratin 19 (epithelial +), estrogen
receptor (+), progesterone receptor (+), P53 (=), and Ki67
(scattered +) (Fig. 3).

Informed consent

Prior written informed consent was provided from the pa-
tient and this study was approved by the Ethics Review

Board of Hunan Provincial People’s Hospital/The First Affili-
ated Hospital of Hunan Normal University.

Discussion

Mucinous cystic neoplasms (MCNs) were first reported in
pancreatic tissue and, subsequently, there has been much
research devoted to investigating pancreatic MCNs. Howev-
er, there are still many controversies about pancreatic MCN
disease and even less is known about gallbladder MCN. Ac-
cording to the authors’ search of the PubMed database, the
earliest case of gallbladder MCN was reported by Bishop
in The Lancet in 1901, and there have been 16 literature
reports on gallbladder MCN (Table 1).

Similar to pancreatic MCN, gallbladder MCN can manifest
unilocular or multilocular cystic changes, containing septa.
In the World Health Organization Classification of Digestive
System Tumors (2010 Edition), biliary MCN is listed sepa-
rately, as a special tumor of the gallbladder, and is classified
into “mucocystic tumors with low-grade or medium-grade
epithelium according to the status of intraepithelial neopla-
sia. Internal neoplasia (8470/0) (8470/2)”, “Invasive mu-
cocystic carcinoma (8470/3)”. The existing literature data
divides MCN into at least two types.! One is non-invasive
and has ovarian-like stroma under the epithelium, which is
characterized by a high cell density. It appears as a dense
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Liu S. et al: Mucinous cystic tumor of gallbladder

Fig. 2. A cystic duct-origin mass was found during the operation to block the common bile duct. (A) 4.0x2.0 cm mass of the cystic duct was seen protruding
into the bile duct cavity (white arrow). (B) The mass was found on the wall of the cystic duct (white arrow). (C) The upper common hepatic duct (white arrow) and the
lower common bile duct (green arrow) did not show stenosis nor any masses. (D) A cystic duct-origin mass was observed.

collection of spindle-shaped cells lacking cytoplasm and is
immune to estrogen and progesterone receptors. This sub-
type affects middle-aged women. The other type is more
aggressive, has no ovarian-like stroma, and affects men
between 75 and 88 years-old. There are others who clas-
sify MCN using three subtypes, based on epithelial atypia
and infiltration; the subtypes are mucinous cyst-adenoma,
non-invasive mucinous cystadenocarcinoma, and invasive
mucinous cystadenocarcinoma.?

Both gallbladder MCN and pancreatic MCN are common
in women. The difference is that pancreatic MCN often oc-
curs in the body and tail of the pancreas, which do not often
cause obstructive jaundice.® In the case of gallbladder MCN,
as the tumor increases, some patients will show painful or
painless jaundice.* The overall prognosis of the disease is
good, but there is a certain malignant potential. According
to a Japanese study encompassing 156 cases of pancreatic
MCN resection, the 10-year survival rate after resection was

95% for adenoma and 63% for cancer, among which micro-
invasive carcinoma also reached more than 90%.4 Another
study showed that the 5-year survival rate of untreated pan-
creatic MCN with invasive carcinoma was about 30% and
the prognosis was poor.> Such statistics are still lacking for
gallbladder MCN. In pancreatic MCN, the maximum tumor
diameter is an independent risk factor affecting malignant
transformation, and the level of carbohydrate antigen 19-9
has greater diagnostic significance for male patients.3 In
gallbladder MCN, as the tumor size increases, the likelihood
of jaundice and malignancy increases together. In our case,
the cystic duct tumor was large and it compressed the com-
mon bile duct, which then caused obstructive jaundice and
intrahepatic bile duct dilation. Additionally, since gallstones
were present, the case could have been misdiagnosed as
common bile duct stones or Mirizzi syndrome.

Therefore, preoperative examination is particularly impor-
tant. For this disease, ultrasound is more sensitive to the in-
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Fig. 3. Postoperative pathology showed that there was a multicystic mass in the cystic duct. (A) A 100x cyst, lined with a single layer of mucin-producing
epithelial cells and showing low-grade dysplasia was observed. (B) Most segments of the 400x% cyst wall contained ovarian-like stroma. (C, D) 40x ovarian-like stroma
immunohistochemical analysis showed positivity for estrogen receptor (ER) and progesterone receptor (PR).

ternal features of the tumor (i.e. separation and fragments)
and should be the first choice. Computed tomography can
determine the location of the tumor and whether there is infil-
tration of surrounding tissues, which can help guide the scope
of surgical resection. Magnetic resonance choliangiopancrea-
tography can help determine the bile duct compression and
involvement, determine the cause of jaundice in patients, and
determine whether biliary reconstruction surgery is appropri-
ate.® Assessment of a quick-frozen section during the opera-
tion will help guard against the possibility of malignancy.

For asymptomatic patients, such as those who have tu-
mors found on physical examination or imaging, one might
use the pancreatic MCN endoscopic ultrasound-fine needle
aspiration data on fluid collection to evaluate glucose (sensi-
tivity of 92%, specificity of 87%, accuracy of 90%) and carci-
noembryonic antigen (sensitivity of 58%, specificity of 96%,
accuracy of 69%), for evaluation before an invasive opera-
tion, since there is always risk of tumor dissemination and
surgical complications.2 It is important to comprehensively
consider the patient’s sex, age, family history, and surgical
conditions. Interestingly, almost all gallbladder MCN patients
are femalel-7-2! (Table 1). In treatment, surgical resection is
recommended for patients with clinical symptoms, such as
abdominal pain, bloating, jaundice, or asymptomatic patients
with gallbladder stones.?2 It is important to send fast frozen
sections during the operation to guide the operation method.
After the surgical resection, it is recommended to check the
confluence of the cystic duct, the wall of the gallbladder, and
the common bile duct for other malignant tumors.

In summary, there is currently a lack of consistent evi-

dence for the malignant potential of gallbladder MCN, and
there is also a lack of guidelines or consensus in diagnosis
and treatment. However, the consensus reached after we
compiled the literature is that due to the potential malig-
nancy of gallbladder MCN, early diagnosis of such diseases
should be paid attention to in clinical work, surgical treat-
ment should be actively performed, and changes should
be made according to the rapid intraoperative pathological
examination results. Operating or expanding the scope of
surgery will likely improve the prognosis and reduce recur-
rence and malignant transformation.
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Table 1. Gallbladder MCN reported cases
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Case Year Age Sex Jaundice ﬁ‘gﬁgg?;; Tumor size in cm gﬁ:%oe?]ygg?ge Reference
1 1901 42 Female Y Null Size of a child’s head Null

2 1930 Null Null Null Null Null Null

3 1933 24 Female Y Null 15 Null

4 1977 52 Female N Null Null Null 10

5 1989 65 Female Y Y 14 Null 11

6 1994 Null Null Null Null Null Null 12

7 2003 47 Female Y Y 4.6x4.2x4.4 Null 13

8 2003 88 Male Y Y 3.5%3%3 Normal 14

9 2005 38 Female N Y 1.2%x0.8%0.8 Null 15

10 2006 75 Female N Y 17 High 16

11 2008 32 Female N Y 12 Null 17

12 2009 50 Female N Y 11x7.5%11.2 Null 18

13 2010 33 Female N Y 0.67 < 0.28 Null 19

14 2014 75 Female Y Y Null Null 1

15 2017 29 Female N Y 3 Null 20

16 2018 70 Female N N 6.7%6.8 x7.2 High 2

17 2019 70 Female N Y 3x2x1 Null 21

18 2020 57 Female Y N 4.0x 2.0 High Current study

N, no; Null, not mentioned; Y, yes.
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