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European Association for the Study of the Liver and French
hepatitis C recent guidelines: The paradigm shift
Véronique Loustaud-Ratti, Marilyne Debette-Gratien, Paul Carrier

Abstract

Véronique Loustaud-Ratti, Marilyne Debette-Gratien,
Paul Carrier, Fédération d'Hépatologie, Service d’Hépatogastroentérologie, CHU Limoges, Limoges 87042, France

The latest Association Française pour l’Etude du Foie
- French Association for Study of the Liver (AFEF) and
European Association for the Study of the Liver (EASL)
recommendations announce a change of paradigm,
for the management of patients infected with hepatitis
C virus (HCV). The AFEF recommendations focus on
the elimination of HCV infection on a national level by
preventing reinfection, in less than ten years. This goal
involves the facilitation of patients’ management in a
simplified pathway by increasing screening procedures
and access to pangenotypic treatments mainly in the
“reservoir” population of people who inject drugs and
migrants. Even in the complex pathway of patients
with previous comorbidities, AFEF takes the option of a
therapeutic simplification. The EASL guidelines position
themselves on the state of the art with a precise description
of all therapeutic options available, without separating
simplified and complex pathways even if they take into
account the epidemiological evolution of difficult-to-treat
populations.

ORCID number: Véronique Loustaud-Ratti (0000-00026951-0784); Marilyne Debette-Gratien (0000-0001-6039-1355);
Paul Carrier (0000-0001-9750-2506).
Author contributions: Loustaud-Ratti V and Carrier P wrote
the manuscript; Debette-Gratien M reread the manuscript and
brought her expertise.
Conflict-of-interest statement: Dr. Loustaud-Ratti reports
personal fees from GILEAD, personal fees from MSD, personal
fees from ABBVIE, grants and personal fees from BMS, outside
the submitted work.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: French; European; Hepatitis C; Guidelines;
Pangenotypic; Direct acting antiviral drugs; Eradication;
People who inject drugs; Migrants

Manuscript source: Invited manuscript

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Correspondence to: Véronique Loustaud-Ratti, MD, Professor,
Fédération d'Hépatologie, Service d’Hépato-gastroentérologie, CHU
Limoges, 2, Avenue Martin Luther King, Limoges 87042, France.

Core tip: New French and European guidelines for the
management of hepatitis C virus infection take into
account the rapid change in the epidemiology of the
infection and the arrival of short treatments, based on
pangenotypic drugs with very few side effects. However,
the French guidelines have a strong bias towards viral
eradication with the elaboration of a simplified pathway
for patients who are far from traditional healthcare struc
tures.

veronique.loustaud-ratti@unilim.fr
Telephone: +33-5-55056684

Received: June 21, 2018
Peer-review started: June 21, 2018
First decision: July 9, 2018
Revised: July 17, 2018
Accepted: August 4, 2018
Article in press: August 4, 2018
Published online: October 27, 2018

WJH|www.wjgnet.com

639

October 27, 2018|Volume 10|Issue 10|

Loustaud-Ratti V et al . EASL and French hepatitis C recent guidelines
The second most difficult population to assess is the mig
rant population (90035 estimated patients), with 57%
of them estimated to be viremic. Today, 90% of patients
[3,4]
transfused before 1992 are diagnosed and treated .
Among PWID, 30% attend addiction centers and
the others, who are difficult to quantify, consult general
practitioners who deliver opioid substitution treatments
(OSTs): In the French survey HEPCORT 2011, the
prevalence of HCV seropositivity was 26% in general
practice on patients under OSTs with so-called “non[5]
problematic” consumption . Another important source
of contamination is prison in which 70% of prisoners
are PWID for whom prevalence of anti-HCV antibodies
is 4.8%, 46.4% being HCV RNA (+): Thus, 2.5% of
[6]
detainees are viremic for HCV .
According to the French recommendations, elimi
nation of HCV infection could be possible by 2025, 2030
according to the United States Global Burden of Disease.
The different guidelines advocate the eradication of
the virus, made possible thanks to simple diagnostic
methods and highly effective treatments, provided that
screening policies are intensified and access to treatment
promoted. The first proposal of AFEF recommendations
is to screen every adult at least once in his life for
combined HBV and HIV and HCV viruses, and a 100%
reimbursement of the screening tests. Moreover, the
principle of “all inclusive” in the management of particular
target populations requires the use of new screening
methods. In addition to the rapid diagnostic tests (RDTs)
which were known to have excellent sensitivity and
[7,8]
specificity (99%) , but only detect antibodies, EASL
mentions the need for the development of Core Ag,
dried blood spots, allowing HCV RNA rapid availability in
patients who are difficult to collect. The principle of “reflex
testing” is still in the experimental stage but is a way to
obtain real time HCV RNA even if many problems remain
to be solved including the cost.
The need for pre-therapeutic genotyping is addressed
by AFEF and EASL. In the area of the availability of
pangenotypic therapeutic associations, both guidelines
consider that genotyping is not mandatory: In a “simpli
fied pathway” for AFEF, or “in areas where genotyping
is not available and/or not affordable, or simplify treat
ment access” for EASL. However, screening for initial
fibrosis remains the key for both academic societies
in simplified pathways for specific populations and in
complex or specialized pathways. It determines the du
ration of the treatment and is essential for the followup especially the long-term detection of complications
such as hepatocellular carcinoma or portal hypertension.
FibroScan® (transient elastography) that measures liver
stiffness in a non-invasive way is an educational and
motivational tool for AFEF, qualities that were confirmed
[9-11]
in several experiments available in addiction centers
.
®
AFEF proposes FibroScan or complex fibrosis bio
logical tests thresholds, to rule out the diagnosis of se
vere fibrosis and therefore to identify patients who will
not require prolonged follow-up after virological cure
except for the presence of hepatic co-morbidities (Liver
stiffness with FibroScan® < 10 kPa or FibroTest® ≤ 0.58

Loustaud-Ratti V, Debette-Gratien M, Carrier P. European
Association for the Study of the Liver and French hepatitis C recent
guidelines: The paradigm shift. World J Hepatol 2018; 10(10):
639-644 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v10/i10/639.htm DOI: http://dx.doi.org/10.4254/wjh.v10.
i10.639

Hepatitis C treatment history extends over approximately
a quarter of a century from standard interferon for non-A
non-B hepatitis, through combination with ribavirin at
the end of the 1990s, to the availability of pegylated
interferon in the early 2000s. It took 25 years to go from
5% to 55% of sustained virological response (SVR). The
arrival of new direct-acting antiviral agents (DAAs) has
revolutionized hepatitis C management in the last five
years, even if the first protease inhibitors (PIs) initially
associated with pegylated interferon and ribavirin greatly
increased the global side effects. In fact, very quickly
after just over a year, next generation DAAs in interferonfree regimen were available.
As a first step, the cost of drugs which were recom
mended for severe patients in most countries limited their
use: In 2014-2015, sofosbuvir-based regimens combined
with simeprevir, daclatasvir or ledipasvir were reimbursed
by the French health insurance only for severe fibrosis,
extra-hepatic manifestations, human immunodeficiency
virus (HIV)-co-infected, transplanted and hemodialysis
patients, and this, despite a tremendous decrease of side
effects and a shortening of treatments. The extension
of indications to F2 fibrosis according to the METAVIR
classification, corresponded in 2016 with the marketing
of ombitasvir paritaprevir/ritonavir and dasabuvir and
finally, in 2017, universal treatment access in France was
official. In 2018, thanks to pangenotypic associations’
availability, a really ambitious median term goal of virus
eradication becomes increasingly realistic.
During a 5-year period, multiple American, European
and national guidelines were proposed trying to follow
the tremendous therapeutic revolutions. The last 2018
recommendations that correspond to the marketing of
pangenotypic associations are a real paradigm shift. We
will focus on French (AFEF, Association Française pour l’
Etude du Foie - French Association for Study of the Liver)
and European Association for Study of the Liver (EASL)
recent guidelines, highlighting the marked strategic dif
ferences.
The EASL recommendations are the state of art on
[1]
hepatitis C in 2018 . They aim at “describing the optimal
management of patients with chronic HCV infection in
2018”. The French recommendations are brief, simplified,
[2]
and avant-garde . Their goal is “the elimination of
hepatitis C virus (HCV) infection in France” before 2025 if
possible (Table 1).
Of course, both guidelines highlight the epidemio
logical changes. In France, for example, it is estimated
that the majority of HCV patients are represented
by people who inject drugs (PWID, 95000 estimated
patients), 46% of them being viremic and to be treated.
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Table 1 French and European Association for the Study of the Liver recommendations principal similitudes and differences

Target audience
Philosophy
Screening
Fibrosis
RAS screening
Prescribers
Regimens

In case of failure

Decompensated
cirrhosis
Renal insufficiency

French recommendations

EASL recommendations

National
Goal of HCV eradication Maximum simplification of HCV
management
Global
“Test and treat”
FibroScan®, FibroTest®, FibroMeter®
Only in case of previous failure to DAA treatment

European, international
State of art

Glecaprevir - pibrentasvir or, grazoprevir - elbasvir (G1) 12 wk

Glecaprevir - pibrentasvir or grazoprevir - elbasvir (G1), 8-12 wk

Global
“Test and treat”
Enlarged to simple and accessible biological methods, APRI, Fib4
May be used, in addition and if available, before treatment to
optimize some non pangenotypic strategies
Hepatologists or general practitioners
Hepatologists
Preferably pangenotypic associations sofosbuvir - velpatasvir
Pangenotypic and no pangenotypic associations according to
12 wk or glecaprevir - pibrentasvir 8 wk if no severe fibrosis
genotype, viral load, degree of fibrosis, previous treatment, and
eventual RAS
No sofosbuvir - velpatasvir in case of G3 cirrhotic patients
RAS screening
RAS screening
Only for first generation DAAs failures
In addition, for patients with poorer prediction of response
Sofosbuvir - velpatasvir - voxilaprevir 12 wk, sofosbuvir sofosbuvir - glecaprevir - pibrentasvir and sofosbuvir - velpatasvir
velpatasvir - voxilaprevir with or without ribavirin 12-24 wk in
- voxilaprevir 12-24 wk with or without ribavirin according to
G3 cirrhotic patients
multidisciplinary decision
Regimen without protease inhibitors
Regimen without protease inhibitors

APRI: Aspartate aminotransférase to Platelet Ratio Index; DAA: Direct acting antiviral; EASL: European Association for the Study of the Liver; HCV:
Hepatitis C virus; RAS: Resistance-associated substitutions.

or FibroMeter® ≤ 0.786). EASL retains APRI and FIB4 as
an alternative in the absence of other local resources,
[12]
even if the sensitivity and specificity are worse .
®
®
®
If FibroScan , FibroMeter and FibroTest are easily
available in France and many European countries, APRI
and FIB4 can be instantly applied in all geographical
area. For both academic societies, the screening strategy
of particular populations in a “test and treat” goal, is
therefore crucial and demonstrates an individual but
also collective benefit.
The collective benefit, treating to prevent conta
mination in PWID has been demonstrated in various
[13,14]
English, Australian and Icelandic experiments
.
Interestingly, in several Eastern European countries, it
has been shown that a global strategy - increasing scree
ning, risk prevention with access to sterile syringes, in
situ delivery of antiviral treatment associated with OSTs
- reduced by almost 80% new HCV cases while the
[15]
prescription of DAAs alone had an impact of only 10% .
Finally, one study unexpectedly suggested that accepting
a diagnostic test for HCV in substitution centers, whether
positive or negative, could have an impact on drug
[16]
use .
Apart from these findings, the French recommen
dations commit themselves to a more proactive approach
to facilitate diagnosis, treatment and eradication: “The
treatment of hepatitis C must be prescribed by all doc
tors”, “Treatment monitoring can be performed by nonmedical caregivers”, “Direct antiviral agents should be
available in all pharmacies”. Prescription by all doctors
might be still a little premature and requires a culture
change and systematic training. In a recent Australian
[17]
experiment , dating from 2016, the opening of the
prescription to general practitioners allowed access to

WJH|www.wjgnet.com

treatment of rather disadvantaged populations, far from
urban areas; however, much remains to be done as
58% of these prescriptions represented less than 12% of
hepatitis C cases. Cost reduction and second-generation
treatments generating fewer drug interactions, have
allowed direct prescribing of DAAs without prior multi
disciplinary consultation except in the following difficult
cases: Prior DAA treatment failure, chronic renal disease,
severe cirrhosis, liver cancer, co-infection with HBV or
HIV, transplantation. Task delegation for therapeutic
follow-up is possible as it was suggested that patients’
attendance at consultations in addiction treatment
centers was better with nurses than with general practi
[18]
tioners and specialists
and comparable results were
[19]
experienced with the inmates .
Of course, according to AFEF recommendations, cer
tain conditions are unavoidable for universal prescribing
in a simplified pathway by non-specialists: Absence of
HBV and/or HIV co-infection, severe renal insufficiency
(eGFR < 30 mL/min per 1.73 m²), poorly controlled
hepatic comorbidities (risky alcohol consumption,
diabetes and obesity), severe hepatic disease, prior
DAAs therapy. After ruling out the diagnosis of severe
fibrosis by non-invasive methods, and in the absence
of genotyping determination in the simplified pathway,
the two pangenotypic therapeutic options recommended
are: Sofosbuvir + velpatasvir for 12 wk and glecaprevir
+ pibrentasvir for 8 wk. A simple evaluation of the drug
interactions is easy to do by consulting the website:
https://www.hep-druginteractions.org/ or by using the
smartphone app HEP iChart. Virological cure must be
assessed by measuring viral load 12 wk after stopping
treatment. All patients who do not meet these speci
fications are taken care of in a specialized pathway.
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EASL guidelines do not distinguish between two types
of patient pathways, even though specificities related
to the management of PWID are clearly reported:
Screening methods described above, in situ HCV RNA
evaluation or easier, core antigen undetectability in serum
or plasma 24 wk (SVR24) after the end of treatment,
are an alternative endpoint of therapy in patients with
detectable HCV core antigen prior to therapy.
In specialized patient pathways, AFEF recommen
dations also have a simplification bias focusing on the
recommendations of pangenotypic associations. A mini
mal opening for non-pangenotypic options is left with
the pre-requisite, of course, of systematic genotype
knowledge: Sofosbuvir ledipasvir for G1 without severe
fibrosis and grazoprevir elbasvir for genotype 1b,
genotype 1a with an initial viral load ≤ 800000 IU/mL
and treatment naive genotype 4.
Some differences between both academic societies
can be highlighted: EASL states the possibility of an
8-wk treatment with grazoprevir elbasvir for patients
[20]
with genotype 1b
without severe fibrosis, and still
finds relevant the ombitasvir paritaprevir dasabuvir
combination for genotypes 1b or 4, during 8 or 12 wk
whereas AFEF considers this combination obsolete. In
many geographic areas however, this latter combination
stays as a very good option, as studies from real life
demonstrate its efficacy and safety in chronic hepatitis C,
[21]
even in people with compensated liver cirrhosis .
A divergent point is also, according to EASL, the
absence of recommendation of sofobusvir velpatasvir
for G3 cirrhotic patients, the expected response being
[22]
suboptimal (89% to 93% SVR) , while the AFEF main
tains the indication of the association in this circumstance
in a simplification goal.
The determination of pre-therapeutic resistanceassociated substitutions (RAS) in situations that could
have been demonstrated useful for some initial thera
peutic options is no longer relevant for AFEF. On the other
hand, EASL specifies that “in areas where only regimens
that require optimization based on pre-treatment
resistance testing are available, and physicians have easy
access to a reliable test that evaluates HCV resistance to
NS5A inhibitors”, these analyses can guide decisions, as
specified in the EASL recommendations for treatment of
[23]
hepatitis C 2016 .
In decompensated cirrhosis, conventionally managed
by pangenotypic combinations without PIs and with
ribavirin at standard doses, EASL states that increasing
doses of ribavirin may be tested in terms of tolerance,
and that a 24-wk regimen without ribavirin is possible in
patients who have a contraindication or are intolerant to
ribavirin.
AFEF only gives recommendations for patients who
failed first-generation DAAs: Sofosbuvir + velpatasvir
[24]
+ voxilaprevir for 12 wk . In genotype 3 patients with
out cirrhosis, the SVR was higher than in patients with
cirrhosis, respectively 99% vs 93% and, sofosbuvir +
velpatasvir + voxilaprevir with or without ribavirin for 12

WJH|www.wjgnet.com

to 24 wk was recommended for genotype 3 patients with
cirrhosis (expert opinion). However, EASL offers solutions
for patients with poorer prediction of response (several
lines of treatment, advanced disease, complex RAS
anti NS5a) in a multi-disciplinary decision: Sofosbuvir
[25,26]
+ glecaprevir + pibrentasvir for 12 wk
and for very
difficult to retreat DAAs failures (NS5A RASs after at
least two failures of a PI and an anti-NS5a): Sofosbuvir,
velpatasvir, voxilaprevir + ribavirin or sofosbuvir +
glecaprevir + pibrentasvir + ribavirin, and in case of
intolerance to ribavirin an extension of treatment, from
16 to 24 wk (expert opinion).
For both academic societies, the post-transplantation
treatment must be initiated early on stabilization (3 mo)
of the patient and must include immunosuppression
with therapeutic drug monitoring (TDM) of immunosup
pressive (IS) treatments during DAAs treatment and
after cessation. AFEF proposed sofosbuvir + velpatasvir
for 12 wk or glecaprevir + pibrentasvir for 12 wk.
EASL recommends mainly sofosbuvir + velpatasvir or
sofosbuvir + ledipasvir without IS dose adjustments
and glecaprevir + pibrentasvir only if eGFR < 30 mL/
min per 1.73 m² and with IS dose adjustments. In
fact, IS dose adjustment is essential regardless of
the therapeutic associations used, even if the risk
of imbalance of immunosuppression is greater with
glecaprevir and pibrentasvir.
In case of renal insufficiency, for AFEF and EASL,
2
if the eGFR is < 30 mL/min per 1.73 m , the available
treatments are glecaprevir + pibrentasvir or, for genotype
1 infections grazoprevir + elbasvir. The AFEF advocates
uniform treatment duration of 12 wk and EASL applies
the classic rules of 8 to 12 wk even if the available clinical
trials were carried out over 12 wk.
Finally, in this time of scarcity of grafts, organ trans
plantation from a HCV + RNA + patient to another
HCV + RNA + patient is allowed. EASL offers the same
option for HCV-RNA-patients provided that the patient’s
informed consent is obtained and that post-transplant
antiviral therapy is available and very quickly proposed.
In France, this possibility is not yet recognized by the
official agencies but this should be the case in the near
future.
In conclusion, the latest AFEF and EASL recommen
dations announce a change of paradigm, for the man
agement of hepatitis C. The EASL recommendations
are very detailed and describe almost all the therapeutic
options. The AFEF recommendations focus on the
simplification of HCV management with an eradication
objective to prevent reinfection thus better taking into
account the epidemiological evolution and the change
of culture with respect to the disease, according to us.
Patients including mainly PWID and migrants should be
treated massively in a simplified way facilitated by the
availability of very effective and devoid of side effects
pangenotypic drugs. The philosophy of the “all inclusive”
or the “talk, test and treat” will involve other actors than
hepatologists in a global vision of health care of these
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particular populations with a culture of task delegation.
14
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
prevalent malignancies worldwide and the second
leading cause of death among all cancer types. Dere
gulation of the networks of tissue-specific transcrip
tion factors (TFs) observed in HCC leads to profound
changes in the hepatic transcriptional program that
facilitates tumor progression. In addition, recent reports
suggest that substantial aberrations in the production
of TF isoforms occur in HCC. In vitro experiments have
identified distinct isoform-specific regulatory functions
and related biological effects of liver-specific TFs that
are implicated in carcinogenesis, which may be relevant
for tumor progression and clinical outcome. This study
reviews available data on the expression of isoforms of
liver-specific and ubiquitous TFs in the liver and HCC
and their effects, including HNF4α, C/EBPs, p73 and
TCF7L2, and indicates that assessment of the ratio
of isoforms and targeting specific TF variants may be
beneficial for the prognosis and treatment of HCC.
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Core tip: This paper aims to analyze existing data on
the spectrum of isoforms of liver-specific transcription
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carcinoma (HCC) and implicated in carcinogenesis, their
distinct regulatory functions and subsequent isoform-
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type of liver cancer and the second leading cause of death
among all cancer types. Although recurrent driver genes
and somatic mutations have been identified in HCC, most
of them cannot yet be considered as druggable targets
[20]
for therapy . Massive deregulation of the liver-specific
[16]
[14,21,22]
TF network
and aberrant alternative splicing
have been reported in HCC. The latter arises from
abnormal expression, altered transcript splicing and a
high mutation rate of genes encoding splicing factors
that exert an effect in hepatocarcinogenesis and result in
profound changes in the isoform balance compared with
the normal liver. Importantly, up to 9% of differentially
spliced transcripts in HCC originate from TF-coding
[23,24]
genes
. These profound changes in the ratios of TF
isoforms should likely result in a substantial modification
of gene expression programs and therefore produce
tumor phenotype alterations with a distinct clinical
impact. Thus, data on the induction of expression
of tumor-specific TF variants may be useful for the
prognosis and development of approaches to isoformspecific therapy for HCC.
Nevertheless, current data concerning the regulation
of the TF network in hepatocarcinogenesis by alteration
of their isoform balance are rather diverse. In this review,
we consider structural properties, biological effects and
the clinical impact of the most investigated TF isoforms
specific to liver and HCC. Essential features of these TFs
and their isoforms are summarized in Table 1.

dependent biological effects which may be relevant
for tumor progression and clinical outcomes in HCC
patients.
Krivtsova O, Makarova A, Lazarevich N. Aberrant expression
of alternative isoforms of transcription factors in hepatocellular
carcinoma. World J Hepatol 2018; 10(10): 645-661 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v10/i10/645.
htm DOI: http://dx.doi.org/10.4254/wjh.v10.i10.645

INTRODUCTION
According to the current estimations of The Human
Genome Sequencing Consortium, the human genome
is predicted to comprise less than 20000 protein[1]
coding genes . Due to concerted efforts of The Human
Proteome Project, 85% of the predicted proteins have
[2]
already been identified . Multiple sources of evidence
suggest that this amount may be underestimated due to
the existence of protein isoforms arising from the usage
of alternative promoters or translation start sites (TSSs),
alternative splicing regulated by ubiquitous and tissuespecific splicing factors, which affects the transcripts
of 92%-94% of genes, and alternative cleavage and
[3-5]
polyadenylation . Interestingly, the occurrence of both
alternative promoters and multiple conserved TSSs
[4,6,7]
positively correlates with alternative splicing events
.
However, although most multi-exon genes produce
several alternative isoforms, 85% of the transcriptome is
[8]
generally represented by a single major gene transcript .
[9]
Deregulation of gene expression and the generation
of aberrant alternative isoforms are commonly observed
[10,11]
in multiple cancer types
. Mechanisms underlying the
misregulation of the production of alternative isoforms in
[12-15]
cancer have been thoroughly described elsewhere
and are beyond the scope of this review.
Distinct transcriptional programs of particular
cell types are principally controlled by tissue-specific
[16]
transcription regulators . Due to alternative promoter
usage, transcription factors (TFs) produce a tissuespecific pattern of alternative isoform expression that
[12]
may be altered in carcinogenesis , and the imbalance
of isoform production in tumors contributes to a flexible
[17,18]
context‑dependent diversification of cell phenotypes
.
Somatic mutations and abnormal activation of signaling
pathways in cancer may cause a differential regulation of
the abundance and activity of splicing factors and lead to
an increase in the production of alternative transcripts,
[14]
including those for TFs . Additionally, the transcripts of
genes encoding TFs tend to contain multiple conserved
TSSs, which may contribute to the production of protein
isoforms. In the case of TFs, these complex regulatory
mechanisms specifying alternative isoform production
[19]
frequently affect functional domains , and their dis
ruption in cancer may result in the misregulation of
networks of their target genes (Figure 1).
Hepatocellular carcinoma (HCC) is the most frequent

WJH|www.wjgnet.com

HNF4α: DIFFERENTIATION IS THE KEY
Nuclear receptor HNF4α (NR2A1) is a key regulator
of hepatocyte differentiation. Bound to DNA as a
homodimer, it modulates the expression of nearly 42%
of the genes expressed in hepatocytes, including a wide
spectrum of hepato-specific genes, either directly or
[25,26]
through activation of other liver-enriched TFs
. Apart
from the regulation of differentiation and morphogene
sis, HNF4α acts as a tumor suppressor in the liver. It
has been shown to inhibit proliferation through the
induction of CDKN1A and repression of BMP7 and MYC,
to regulate the expression of the p53/p63-dependent
apoptotic effector PERP and to interfere with epithelialmesenchymal transition (EMT) via repression of SNAI1,
[27,28]
SNAI2 and HMGA2 and the upregulation of CDH1
.
HNF4A is transcribed from one of its alternative
promoters, P1 or P2, which are regulated in a tissue- and
developmental stage-specific manner. Additional exon
inclusion and alternative splicing result in the generation
of up to 12 HNF4α variants sharing common DNA-binding
(DBD) and ligand-binding domains (LBD) and differing
in the trans-activation domain (TAD) and repressor F
[29]
domain . The isoforms transcribed from P2 (HNF4α7α12) are devoid of the TAD activation function (AF)-1
region involved in the interaction with co-activators, while
demonstrating a significant decrease in trans-activation
[30]
(TA) properties . The full-length F domain of HNF4α1
and HNF4α7 variants impair their TA potential because
it masks the AF-2-independent co-factor binding site. In
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Figure 1 Alternative transcription factor isoforms possess regulatory properties distinct from those of canonical variants. Schematic representation of the
common isoform formation mechanisms - alternative splicing, alternative promoter usage and alternative initiation of translation - is shown in the central part of the
hexagon. Light boxes correspond to constitutive exons, and dark ones designate the exons harboring domains and regions indicated in the adjacent frame. TF isoform
properties divergent from those of the canonical variants and resulting from functional domain loss are indicated at the corresponding hexagon edges on the outer
side of the frame. The brace marks exon exclusion - a particular case of alternative splicing. The arrows represent transcription start sites. AUG: Start codon; TR:
Transcription repression; TRD: Transcription repression domain; TF: Transcription factor; TAD: Trans-activation domain; LBD: Ligand-binding domains; DBD: DNAbinding; NLS: Nuclear localization signal.

contrast, the 10-amino-acid (AA) insert in the prolinerich F domain region of HNF4α2/α8 isoforms prevents
masking, which increases the effectiveness of target
[31]
gene activation . Thus, the structural diversity of HNF4α
variants determines a lower transcriptional activity of
Р2-derived isoforms (HNF4α7-α12) that lack AF-1,
compared to Р1-derived variants (HNF4α1-α6), and a
higher transcriptional activity of isoforms that are devoid
of the F domain, compared to HNF4α1/α7.
HNF4α3/α9 isoforms derive from skipping a splice site
in exon 8 and contain an extended reading frame with
an alternative termination site, thus encoding a protein
with a completely different C-terminal F domain with
[32]
undetermined function . The existence of HNF4α4-α6
variants containing additional exons 1B and 1C has not
[32]
been clearly proven . HNF4α10-α12 isoforms bearing
extended TAD due to exon 1E translation are expressed
in various hepatoma cell lines, but their functions remain
[33]
unclear .
P1 variants are predominant in the normal liver and
regulate the expression of hepatocyte differentiation
[32,34]
markers
. HNF4αP2 isoforms are prevalent at the
early stages of embryogenesis; they preferentially
[35]
activate promoters of early hepatic genes . In the
postnatal liver, the P2 promoter is repressed due to the
binding of HNF4αP1 isoforms.
Deregulation of the expression of HNF4α isoforms
is a frequent event in hepatocarcinogenesis. At the
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early stages of hepatocarcinogenesis, moderately
differentiated HCC cells are characterized by activation of
the expression of embryonic HNF4aP2 isoforms, which
is associated with vascular invasion and poor overall
[36]
survival in HCC patients . In advanced dedifferentiated
HCCs, which lose epithelial morphology, the expression
[34,37,38]
of both P1 and P2 variants is repressed
.
Exogenous expression of HNF4α1 in dedifferentiat
ed HCC cells results in the restoration of epithelial
morphology via the upregulation of epithelial markers
(E-cadherin, connexin32, ZO-1), decrease in proliferation
and reactivation of genes specific to differentiated
hepatocytes, and decrease in in vivo tumor growth
[37,39,40]
and metastatic potential
. Overall, these data
indicate that HNF4αP1 reactivation might be beneficial
as a therapeutic approach for HCC treatment. Further
experiments are required to elucidate the role and clinical
impact of particular HNF4α isoforms and to implement
these findings into the development of therapeutic and
prognostic approaches to HCC treatment.

ERα BALANCE IS SHIFTED TOWARDS
DOMINANT-NEGATIVE VARIANTS
DURING TUMOR PROGRESSION
Nuclear receptor ERα encoded by the ESR1 gene
induces proliferation and exhibits anti-apoptotic and
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Table 1 Transcription factors and their isoforms deregulated in hepatocarcinogenesis
TF

Types of
No. of
isoforms isoforms
expressed
in the liver

Regulated
processes
(canonical
isoform)

Upstream
signaling
pathways

C/EBPβ

3

TA, DN

Metabolism
POS: apoptosis,
inflammatory
response
NEG:
proliferation

TNF

ERα

4

DN

POS:
proliferation

Estrogen
signaling

HIF1α

3

DN

HNF4α

9-12

TA

KLF6

3

TA, DN

POS:
differentiation,
morphogenesis,
apoptosis

p73

3

TA, DN

PGC1α

3

TA, DN

TCF4
(TCF7L2)

17

TA

NEG:
proliferation,
invasion,
metastases
POS:
proliferation,
differentiation,
apoptosis
POS: apoptosis

WT1

4

DN

NEG: cell cycle
progression

ZIP
(ZGPAT)

2

DN

POS:
gluconeogenesis

NEG: apoptosis, PI3K/Akt,
inflammatory
mTOR
response
POS:
AMPK,
angiogenesis Hippo, TGFβ

Isoforms that
Target genes expressed
Isoforms that
in the liver
presumably promote exhibit tumorhepatocarcinogenesis suppressive
effects

Ref.

UP(LAP1): cytochrome
C/EBPβ-LIP
C/EBPβ-LAP1, [59,65,74,76,77, 78,139]
p450 genes
C/EBPβ-LAP2
UP(LIP): GADD45B
DOWN (LAP1): CCNA,
CCNE, CDK2, PCNA
DOWN (LIP): CLU,
NUMB
UP: CCND1,
ERα-36, ERα-46, ERERα-66
[41,43,44,47,139,140]
HNRNPH2, MYC, RET,
αΔ5
WWC1
UP: VEGFA
HIF1α1.1
HIF1α516,
[125,131,133,134,139]
HIF1α736

UP: CDH1, CDKN1A,
HNF4α7-α9
HNF1a, PERP
DOWN: BMP7,
HMGA2, MYC, SNAI1,
SNAI2
TGFβ
UP(wtKLF6): ССND1,
SV1
CDH1, CDK4
UP(SV2): CDKN1A
DOWN(wtKLF6):
MDM2
DOWN(SV1): CDKN1A
p53, Hippo, UP: BCL2 family genes, ΔN-p73, ΔEx2p73,
mTOR
caspases, CD95, TNF-R,
ΔEx2/3p73
TRAIL-R
AMPK,
Insulin
signaling

UP: GLUT4, PDK4,
PEPCK, PPARA,
PPARG

Wnt, Hippo

UP: AXIN2, CCND1,
IRS1, JUN, MMP7,
WISP1
UP: BCL2 family genes,
cFLIP
DOWN: FADD,
HNF4A, NF-κB
DOWN: CDC25A,
EGFR, FGF5, FGF14,
PDGFB, PTEN, RGS3,
TBPL1, VCAM1

HNF4α1-α3

[28,29,37,139,141,142]

wtKLF6, SV2

[105,108-114,143]

TA-p73

[87-91,139,144]

PGC‑1α1-a, L‑PGC‑1α, NT-Pgc 1α-a*
(*promote replication and assembly
of in HBV and HCV)

[49,52,54-56,139]

TCF-4J, TCF-4C

TCF-4B,
TCF-4K

[98-102,139,145]

WT1(+/)
17АА(+)KTS

WT1(-)KTS

[119-122,146]

sZIP

ZIP(fl)

[135-137]

C/EBP: CCAAT enhancer binding protein; TF: Transcription factor; TA: Isoforms with differential transactivation properties; DN: Dominant-negative; POS:
Positive regulation; NEG: Negative regulation; UP: Up regulation; DOWN: Down regulation.

[41]

anti-inflammatory activities
via estrogen-dependent
binding to estrogen response elements of target genes.
Non-canonical activation of ERα target genes via
secondary messengers, activation of membrane-bound
ERα isoforms or protein-protein interactions have also
[42]
been described .
Canonical 66-kDa ERα (ERα-66) matches the
conventional structure of nuclear receptors. Additionally,
numerous ERα splice variants that differ in promoter
usage and the presence of exons encoding TAD, DBD,
LBD and the nuclear localization signal (NLS) region have
[42]
been reported in normal and tumor tissues . Apart
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from ERα-66, the expression of 3 dominant-negative (DN)
isoforms has been reported in the liver, namely, ERα-46
lacking AF-1 TAD, ERαΔ5 harboring an incomplete LBD,
and ERα-36, which is transcribed from an alternative
[41]
promoter and is deficient in both AF-1 and LBD .
Investigation of the properties of truncated isoforms in
various cell lines has demonstrated that the dimerization
of a shorter isoform with the full-length one represses
its transcriptional activity. Membrane-bound fractions of
ERα-46 and ERα-36 are believed to interfere with the
function of ERα-66. Moreover, ERα-36 lacks the NLS but
is able to activate the MAPK/ERK cascade upon treatment
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[41-45]

[52]

with estrogens or tamoxifen
. A constitutively active
ER-αΔ5 variant exhibits approximately 10%-15% of the
[46]
ligand-bound ERα-66 activity .
ERα-66 is highly expressed in the normal liver and, to
a lesser extent, in cirrhotic tissue, while its transcription
in HCC is substantially or completely suppressed. Higher
ERα-66 expression is associated with a better overall and
recurrence-free survival of HCC patients and is negatively
correlated with the tumor size and extra-hepatic
metastasis. The mRNA of DN ERα-46 is detected in nontumor, cirrhotic and tumor liver tissues. Upregulation of
ERαΔ5 in HCC causes repression of ERα-66 transcriptional
activity through heterodimerization. An increase in
ERα-36 isoform production has been reported in HCC and
hepatoma cell lines; it correlates with the downregulation
[43,44,47]
of the full-length isoform
and may arise from ESR1
promoter hypermethylation, which is frequently observed
[48]
in HCC . Thus, the shift in balance of ERα variants
towards truncated isoforms with DN properties can
essentially modulate the impact of the estrogen receptor
signaling pathway in hepatocarcinogenesis and is likely
associated with an unfavorable HCC prognosis.

fasted liver
or in response to hepatitis C virus (HCV)
induced endoplasmic reticulum (ER) stress. Its activation
stimulates the expression of a liver-specific TA-isoform,
L-PGC-1α, which is deficient in the first 127 aa but is
able to co-activate most PGC-1α-interacting nuclear
[56]
receptors except liver X receptor α (LXRα) . LXRα
has been shown to repress the FOXM1 transcriptional
regulator and its target genes CCNB1 and CCND1 in HCC
[57]
cells . Thus, the reduced LXRα activity may stimulate
proliferation in hepatoma cell lines. The reduced LXRα
activity also causes the deregulation of cholesterol
metabolism, resulting in liver damage and inflammation,
[58]
which facilitates HCC progression . Hence, the
elevated L-PGC-1α level is likely to be implicated in
hepatocarcinogenesis. However, PGC-1α1-a induction
occurs along with L-PGC-1α upregulation in the fasted
liver and during HCV-induced ER stress. As the result, a
higher PGC-1α1-a/L-PGC-1α ratio abolishes the effects of
the alternative isoform. Currently, the expression of PGC1α isoforms has been investigated in HCC cell lines but
not in HCC clinical samples. Further research is required
to determine a possible impact of the imbalance of PGC1α isoforms in hepatocarcinogenesis.

PGC-1α, A CO-FACTOR OF NUCLEAR
RECEPTORS THAT REGULATE
METABOLISM AND INFLAMMATION

INTERPLAY BETWEEN CCAAT
ENHANCER BINDING PROTEINS AFFECTS
PROLIFERATION AND HEPATIC DRUG
METABOLISM

PGC-1α (PPARGC1A) is an inducible adaptor of the PPARγ
co-activator 1 family. It has been shown to regulate
adaptive reactions of energy metabolism in brain, cardiac
[49]
and skeletal muscles, adipose tissue and liver . PGC-1α
[50]
is a key inducer of gluconeogenesis in the fasted liver .
A significant decrease in PGC-1α expression has been
[51]
reported in primary human HCCs .
The N-terminus of PGC-1α protein contains a TAD
with co-activator and nuclear receptor (HNF4α, PPARα,
[52]
PPARγ, LXRα) binding sites followed by phosphorylation
[53]
and acetylation sites that modulate PGC-1α activity .
The NLS region, an arginine-serine-rich domain that
enables binding to TFs and RNA-recognition motifs, is
located in the C-terminal part of PGC-1α. C-terminal
[53]
domains are involved in mRNA processing and splicing .
PGC-1α transcription is controlled by several tissuespecific promoters and is often coupled with alternative
splicing. Processed alternative transcripts give rise to a
set of TA-competent isoforms and DN variants lacking
C-terminal domains or with truncations in their co[53]
activator and co-repressor regions . In human tissues
with intense energy metabolism, the full-size PGC[52]
1α1-a is a prevalent isoform . In murine liver, mRNAs
encoding Pgc‑1α1‑a and NT-Pgc‑1α‑a are transcribed
from the proximal promoter. The NT-Pgc‑1α‑a variant
preserves the co-activator binding domain and a portion
of the co-repressor binding domain, but it lacks the
[54]
C-terminal part . Although less effective, NT-Pgc‑1α‑a
-/is sufficient to stimulate gluconeogenesis in PGC-1α1-a
[55]
hepatocytes . The hepato-specific promoter located
downstream of the proximal one is active in human
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CCAAT enhancer binding proteins (C/EBPs) belong
to a liver-enriched bZIP TF family; they regulate the
expression of genes involved in proliferation, differenti
ation, inflammatory response and metabolism. C/
EBPs bind to DNA as homo- and heterodimers, and
the heterodimerization of C/EBPs can alter target site
[59]
recognition .
Two C/EBP family members are predominant in
normal liver. CEBPA is highly expressed in adult liver
under normal conditions, whereas the expression of
CEBPB is low in hepatocytes and can be induced by proinflammatory cytokines, hormones, cAMP and other
[59,60]
agents
. The induction of hepatocyte proliferation is
accompanied by C/EBPα downregulation and increases
[61]
C/EBPβ levels . Inactivation of the CEBPB gene
significantly reduces the regenerative response in mice
after a partial hepatectomy, whereas CEBPA-deficient
murine hepatocytes demonstrate a high proliferative
[59]
activity . While CEBPA is mainly considered as a tumor
[62]
[63,64]
suppressor that is downregulated in HCC , Lu et al
reported its upregulation in liver cancer, which was
associated with escape from starvation-induced cell death
and a poor prognosis. CEBPB expression is not altered in
[65]
HCC, albeit the C/EBPβ protein level is decreased .
The N-termini of C/EBPα and C/EBPβ proteins contain
a number of activation domains and negative regulatory
regions that significantly differ between these TFs,
while their C-termini contain a highly homologous basic
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metastatic potential of tumor cells. LAP1/2 overexpre
ssion represses Huh7 migration in vitro and metastasis
in vivo via the induction of orsomucoid 2 (ORM2) gene
[65]
expression, whereas LIP does not affect ORM2 levels .
In vivo experiments also demonstrate that LAP1transfected hepatoma cells possess a reduced ability to
form subcutaneous tumors in nude mice and that the
expression of Ki-67 and cancer stem cell markers is
[70]
reduced in tumors originating from these cells .
The complex impact of CEBP isoform variants on the
fine regulation of liver-specific gene expression can be
illustrated by the regulation of the CYP3A4 gene encoding
the most abundant type of cytochrome P450 in the
liver. CYP3A4 expression is modulated by liver-specific
TFs, including C/EBPα and C/EBPβ, which have multiple
[77,78]
binding sites in their regulatory region
. While TAcompetent isoforms induce the expression of CYP3A4,
the DN variant LIP inhibits it, and an increase in the LIP/
LAP ratio results in the repression of CYP3A4 in HepG2
[78]
cells . As both TFs, including their DN variants, are able
to heterodimerize, not only the levels of C/EBP proteins
themselves but also the interactions between their
isoforms, may affect the regulation of the metabolism of
xenobiotics.
Taken together, the data on the abundance of C/
EBPα and C/EBPβ variants in HCC remain limited and
contradictory. CEBPA has previously been identified as
a tumor suppressor that tends to be downregulated
in HCC. Although there are limited data on the ratio of
C/EBPα isoforms and their distinct effects in HCC, the
capability of TA-competent and DN C/EBPα variants
to form dimers with C/EBPβ isoforms increases the
complexity of the network of target gene regulation
and should be further investigated. In contrast, growing
evidence of a variety of diverse effects arising from the
regulation of expression by individual C/EBPβ isoforms
indicates that evaluation of the ratio of LAP/LIP isoforms
and their functions may be of value for HCC prognosis
and treatment.

sequence-specific DNA recognition region and leucine
zipper dimerization domain. Both CEBPA and CEBPB are
intronless genes. Alternative protein isoforms arise due to
[59]
the alternative usage of TSSs or regulated proteolysis .
The 42-kDa and 30-kDa C/EBPα isoforms differ in
their amino termini with the p30 isoform possessing
a lower activation potential than the predominant fulllength variant due to the absence of two activation
[59,62]
domains
. Apart from the DN activity, p30 has been
proposed to bind and regulate a distinct set of target
[66]
genes . While both the p42 and p30 variants have
been detected in liver, to date, the changes in the isoform
ratio in HCC have not been quantitatively investigated,
and reports of CEBPA upregulation leading to poor
outcomes in НСС patients might arise from an isoform
imbalance. Indeed, the induction of CEBPA expression in
various models of liver disease leads to disease reversal
and results in lower levels of liver damage markers and
[67]
reduced tumor burden in rodents with cirrhotic HCC .
C/EBPβ isoforms are subdivided into 2 classes. Liverenriched activating protein isoforms are able to induce
the expression of target genes. C/EBPβ-LAP1 (LAP*)
exhibits a stronger TA potential than C/EBPβ-LAP2
(LAP), which is deficient in the short N-terminal portion
of the activation domain. C/EBPβ-LIP, a liver-enriched
inhibitory protein, lacks the TAD but preserves a part
of the negative regulation domain, and bZIP and acts
[59]
as a DN regulator of transcription . LAP1 is the major
[65]
C/EBPβ variant expressed in hepatocytes . According
[65]
to Fang et al , LAP1 is significantly downregulated
in HCC, whereas the LAP2 level is unaltered, and LIP
is underrepresented. These observations are partly in
line with reports on LAP1 isoform downregulation in
[68]
[69]
squamous cell carcinoma and breast cancer . Albeit
LAP1 variant expression is reduced in HCC, its expression
[70]
is even weaker in liver cancer stem cells . Conversely,
LAP2 and LIP are induced in these tumor types, and a
high LIP/LAP ratio is indicative of an advanced stage and
[71]
poor prognosis in breast cancer .
In murine liver regeneration models, C/EBPβ regulates
the proliferation of hepatocytes via activation of the
transcription of E2F-regulated genes that are essential
for DNA replication (Mcm3, Cdc6) and reparation (Msh2,
[72,73]
Msh5) and Cebpa repression
. C/EBPβ-LAP expression
leads to a delay of the G1/S transition, which results
in the synchronization of hepatocytes after a partial
hepatectomy due to the downregulation of CCNA, CCNE,
PCNA and CDK2, whereas the expression of C/EBPβLIP induces proliferation. Intriguingly, overexpression of
LAP leads to an increase in the C/EBPα p30/p42 ratio,
while expression of the LIP variant upregulates both C/
[74]
EBPα isoforms . Exogenous expression of C/EBPβ-LAP
(but not the –LIP variant) arrests cell cycle progression
[75,76]
in HepG2 and Hep3B hepatoma cells
. C/EBPβLIP contributes to the survival of tumor cells. Druginduced apoptosis is significantly reduced in Hep3B cells
overexpressing the C/EBPβ-LIP but not the C/EBPβ-LAP
[76]
variant .
Emerging data also link C/EBPβ expression to the
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SEVERAL ISOFORMS OF p53 FAMILY
PROTEINS ARE OVEREXPRESSED IN HCC
AND FAVOR PROLIFERATION AND CELL
DEATH EVASION
p53, p63 and p73 TFs of the p53 family regulate cell cycle
progression and induce programmed cell death. Proteins
of the p53 family have a similar domain structure, with
TAD in their N-terminus followed by a proline-rich region,
DBD and oligomerization domain. p63 and p73 possess
[79]
a longer C-terminus encompassing the sterile α motif .
Since DBD shares substantial homology among the
p53 family members, these TFs are able to regulate
the expression of common target genes, including the
regulation of each other’s expression, although each
[80]
transcription factor has specific target genes .
The p53 family proteins bind DNA as tetramers. The
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[91]

wild-type p53 forms tetramers only with p53 variants,
while mutant p53 variants can oligomerize with p63 and
[81]
p73, thus reducing the activation of their target genes .
p63 and p73 can form mixed tetramers with varying
[82]
transcriptional activity .
Alternative transcription and translation start sites
and alternative splicing of the first exons encoding
TAD result in the generation of a wide spectrum of
N-terminally truncated (ΔN-) p53 family proteins that
generally exert a DN effect over the full-length isoform
activity. Additionally, the resultant proteins vary in their
[80]
C-terminal domains due to alternative splicing . p53 is
[80]
frequently mutated or inactivated in cancer . While p53
dysfunction is clearly associated with HCC progression,
the only isoform proposed to play a significant role in
hepatocarcinogenesis is the Δ40p53α variant translated
from the second in-frame AUG of TP53 mRNA and
lacking 39 AA of TAD. Δ40p53α has been demonstrated
to be induced after doxorubicin treatment. Its exogenous
expression suppresses proliferation, colony formation
[83]
and induced senescence in hepatoma cells . p63 is not
expressed in the normal liver; however, the expression
of ΔN isoforms is detected in p53-null hepatocytes. A
trans-activating p63 variant (TAp63) is expressed in
[84]
hepatoma cell lines irrespective of p53 status . The
TAp63 knockdown in HepG2 and Hep3B hepatoma cells
leads to increased proliferation and colony formation.
TAp63 expression negatively correlates with tumor size,
intrahepatic metastasis, and distant metastasis and,
according to the results of a retrospective analysis, a
low TAp63 level is associated with poor survival in HCC
[85,86]
patients
.
The activation-competent TAp73 is absent in normal
hepatocytes but is widely expressed in hepatoma cell
[87-89]
cultures and human HCC samples
. Intriguingly,
alternative splicing of full-length TAD-encoding transcripts
originating from the first promoter (TA-promoter) is
the main source of TAD-deficient pro-oncogenic p73
isoforms in HCC. The TA-promoter-driven and aberrantly
spliced DN isoforms Δex2p73 and Δex2/3p73 that lack
TAD, and ΔN’-p73 composed solely of TAD, are the most
[88]
abundant p73 variants in HCC cells . Both TAp73 and
ΔTA variants including Δex2/3p73 are upregulated in
[90]
hepatitis B virus-associated HCC . ΔN-p73, an internal
promoter-derived variant devoid of TAD, is detected both
in hepatocytes and HCC and is overexpressed in 37% of
[87,89]
tumors
.
Normally, the induction of TAp73 expression inhibits
cell proliferation; however, hepatoma cells tolerate its
effects, presumably due to the co-expression of ΔTA
[87]
variants . The liver-specific expression of ΔNp73
in transgenic mice causes the formation of hepatic
adenomas and subsequently to development of HCC
[91]
in most animals . Overexpression of the DN ΔN-p73
[89]
variant is associated with poor survival in HCC patients .
p63 and p73 initiate programmed cell death via
a common mechanism. DNA damage induces TAp63
or TAp73-dependent TA of genes encoding the death
receptors CD95, TNF-R and TRAIL-R, caspases and pro-
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apoptotic Bcl-2 proteins . The expression of DN p63
and p73 variants abolishes the induction of pro-apoptotic
[89,92]
genes and may cause resistance to chemotherapy
.
Thus, since pro-oncogenic p53-family TF isoforms are
generally expressed at low levels or are absent in nontransformed hepatocytes, targeting these variants may
provide an option to counteract their DN effects on proapoptotic p53, p63 and p73 isoforms to improve the
efficiency of drug therapy in HCC patients.

TCF-4 (TCF7L2) MODULATES A
WIDE SPECTRUM OF TUMOR CELL
PROPERTIES VIA INTERACTIONS WITH
THE Wnt SIGNALING PATHWAY AND
COMPETITION WITH HNF4α
TCF-4 (TCF7L2) is a basic helix-loop-helix (bHLH) TF
of the LEF/TCF family that modulates the expression
of Wnt signaling pathway target genes involved in
proliferation, differentiation, apoptosis, cell polarity
[93]
and motility upon β-catenin binding . The conserved
domain structure of TCF-4 is characteristic of the LEF/
TCF family; it comprises the N-terminal β-cateninbinding domain (BCBD), followed by the contextdependent regulatory domain, high-mobility group DBD,
and E-tail, which includes the second sequence-specific
DBD, C-clamp and binding region for the transcriptional
[94]
repressor CtBP .
The context-dependent regulatory domain harbors
several regulatory motifs: LVPQ and SxxSS, implicated
in the repression of β-catenin-mediated TA, and the
Groucho/TLE co-repressor binding site. The C-clamp
contains a 30 AA motif that is required for binding to
[93,95]
weak Wnt response elements
. Approximately 20
TCF-4 isoforms generated by alternative splicing and
alternative transcription start site usage have been
[96]
reported . Variants transcribed from the internal
transcription start sites 2 and 3 lack BCBD and act as
[97]
transcriptional repressors of β-catenin target genes .
Additionally, alternatively spliced isoforms differ by
the presence of exon 4, which confers transcription
repressor function, LPQV- and SxxSS motifs, and by the
splicing pattern of exons 13-17 encoding a part of the
[98,99]
C-clamp
.
TCF-4 is highly expressed in hepatocytes. The pattern
of expression of TCF-4 variants depends on the degree
[98]
of cell differentiation . The isoform TCF-4B that is
predominant in normal liver lacks exon 4, the SxxSS,
C-clamp and CtBP-binding region, which makes it a
[98]
potent β-catenin-mediated trans-activator . TCF-4B
expression is maintained in HCCs and in differentiated
[98,100]
hepatoma cell lines
.
LPQV and SxxSS motif-containing variants expressed
in normal liver are not substantially altered in liver
[100]
tumors , except for a TCF-4K isoform. TCF-4K retains
[98]
a portion of the C-clamp and the full CtBP-binding site ;
[100]
it is significantly downregulated in HCC . Conversely,
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[105]

TCF-4C and -4J are upregulated in HCC, specifically in
poorly differentiated tumors. Along with TCF-4B, TCF4C demonstrates the highest transcriptional activity
among the TCF-4 isoforms due to the lack of any
repressor motifs and domains. TCF-4J, that is deficiency
in most repressor units, preserves the LVPQ motif and
CtBP-binding region, which results in a reduced TA
[98,99,101]
ability
.
The exogenous expression of TCF-4J in hepatoma
cell cultures induces the expression of genes that
are overexpressed in poorly differentiated HCCs and
are distinct from SxxSS-containing TCF-4K activated
targets. Additionally, TCF-4J has been demonstrated to
interact with the liver-specific master regulator HNF4α,
[96]
affecting its target gene expression . Thus, hepatic
differentiation may be affected by the balance of certain
[102]
TCF-4 isoforms . Alternatively, it was proposed that
HNF4α competes with TCF-4 for its binding sites in vitro
in human colorectal cancer cells in an isoform-dependent
manner, where the HNF4α2, but not the HNF4α8,
P2-driven variant, might displace TCF-4 in the AP-1
[103]
transcriptional complex . Although there are no data
on their interplay in the liver, this possible interaction
may also be important for the indirect regulation of gene
expression mediated by the Wnt signaling pathway and
relevant for hepatocarcinogenesis.
The exogenous expression of SxxSS-deficient TCF-4B,
-4C and -4J isoforms in hepatoma cell lines results in the
upregulation of Wnt-responsive genes, thus promoting
cell proliferation. TCF-4C and -4J overexpression also
induces colony formation and promotes cell migration
in hepatoma cell lines. In contrast, a SxxSS-containing
TCF-4K variant reduces the proliferation rate and colony
[98,99,101,102]
formation but stimulates cell migration
.
TCF-4J-expressing hepatoma cells demonstrate
higher tumorigenicity than TCF-4K-overexpressing ones.
Tumors derived from TCF-4J-overexpressing cells also
express high levels of HIF-2a and EGFR, which confer
hypoxia resistance characteristic of an aggressive tumor
[100]
phenotype
. Overall, these data indicate that the
imbalance of TCF-4 isoforms observed in HCC contributes
to multiple processes including dedifferentiation,
increased proliferation, survival and metastatic potential
of tumor cells and thus confers an aggressive tumor
phenotype.

mutations .
The KLF6 molecule contains N-terminal TAD region,
an NLS and three zinc fingers located in the C-terminus
that allow DNA binding. Several KLF6 isoforms are
produced in vivo due to the activation of cryptic splice
[104]
sites
. In the liver, the full-length wtKLF6 isoform
is prevalent, while truncated SV1 and SV2 variants
[106]
are also expressed
. In contrast to wtKLF6, which
is accumulated in the nucleus, SV1 and SV2 proteins
[107]
lacking the NLS are mainly localized in the cytoplasm .
The SV1 variant is also defective in DNA-binding due to
[104]
the absence of all zinc fingers . The downregulation
of wtKLF6 in dysplastic nodules is an early event in
hepatocarcinogenesis, while its further decrease is
observed in highly malignant HCCs and is associated
[108,109]
with a poor prognosis
. The downregulation of
wtKLF6 in HCC is often accompanied by a decrease in
SV2 production and upregulation of the SV1 isoform,
while higher SV1/wtKLF6 ratios correlate with an
[106,108,110]
advanced tumor stage
.
Several mechanisms regulating the balance of
SV1 and wtKLF6 in HCC have been proposed. HGF- or
Ras-dependent activation of the PI3K/AKT signaling
pathway induces alterations of KLF6 splicing, which
[111,112]
leads to enhanced generation of the SV1 variant
.
In addition, miRNA-1301, which is abundant in HCC
samples, and miRNA-210 have been found to specifically
[113]
target wtKLF6 but not the SV1 variant .
The SV1 isoform counteracts wtKLF6 and SV2 and
demonstrates obvious oncogenic properties. It has been
proposed to carry out DN functions via the cytoplasmic
sequestration of wtKLF6, which leads to its subsequent
[110]
proteasomal degradation
. Both wtKLF6 depletion
and SV1 overexpression significantly accelerate
[110]
tumorigenesis in diethylnitrosamine-treated mice
.
In human hepatoma cell lines, wtKLF6 depletion and
SV1 exogenous expression enhance proliferation via
the downregulation of CDKN1A and CCNB1 target
[110-112]
genes
, whereas SV2 expression has an opposite
[106]
effect .
KLF6 variants are implicated in the regulation of
apoptosis. The exogenously expressed wtKLF6 induces
transcriptional repression of the MDM2 gene, thus
[109]
securing the stabilization of the p53 level
. SV2
overexpression results in p53-dependent upregulation of
[106]
the apoptosis inducers Bax and PUMA .
SV1 promotes the migration of hepatoma cell lines;
it is proposed to favor metastasis via inhibition of the
function of wtKLF6 implicated in the regulation of Rho
[114]
family GTPase activity . Overexpression of SV1 also
upregulates the expression of mesenchymal marker
genes, whereas wtKLF6 is essential for the maintenance
of E-cadherin expression but does not affect other EMT[113,114]
associated markers
. Thus, since the DN SV1
isoform of the KLF6 tumor suppressor performs obvious
pro-oncogenic functions and is upregulated in HCC, it
can be considered as a prognostic factor and candidate
target for siRNA-mediated therapeutic inactivation in

FULL-LENGTH KLF6 ACTS AS A
TUMOR SUPPRESSOR IN LIVER AND
IS DOWNREGULATED EARLY IN
HEPATOCARCINOGENESIS
The tumor suppressor KLF6 belongs to the C2H2 zinc
finger domain Sp1/KLF family of TFs, which are es
sential regulators of proliferation, differentiation and
migration. Biological functions of KLFs are disrupted in
[104]
a wide variety of tumors . In HCC, KLF6 is frequently
inactivated due to the loss of heterozygosity or point
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liver tumors. Alternatively, targeting miRNAs implicat
ed in wtKLF6 downregulation may also result in the
restoration of the KLF6 isoform balance to reduce the
pro-oncogenic effects of the SV1 TF variant.

and their impact on HCC development, progression and
prognosis has not been thoroughly investigated. Thus,
further investigation of WT1 isoform properties and the
development of approaches for WT1 silencing or shifting
the balance towards DN variants that counteract its
pro-oncogenic and apoptosis resistance functions may
benefit HCC prognosis and treatment. Apart from gene
silencing, enforced expression of DN WT1 variants may
be considered a therapeutic option for HCC to oppose
the dedifferentiation and acquisition of resistance to
apoptosis conferred by extrinsically expressed WT1.

ACTIVATION OF THE PRODUCTION OF
MAJOR WT1 ISOFORMS IN HCC
WT1, a TF of the C2H2-type zinc-finger protein family,
is involved in the regulation of cell differentiation,
proliferation and apoptosis. Depending on the tissuespecific context, WT1 exhibits either tumor-suppressive
[115]
or oncogenic properties , but in most solid tumors,
including HCC, the upregulation of WT1 is associated
[116,117]
with a poor prognosis
. The N-terminal prolinerich region of WT1 contains a homodimerization domain
and trans-repression and trans-activation domains that
are responsible for co-factor binding. The C-terminus
[115]
comprises DBD with 4 C2H2-type Zn-fingers .
Although up to 36 alternative isoforms of WT1
produced by a combination of alternative start codon
usage, alternative splicing and RNA editing have been
predicted, 4 major isoforms that vary in exon 5 (17-AA
insertion - “17AA”) and/or exon 9 (3 AA insertion - “KTS”)
[115,118]
splicing have mostly been investigated
. The 17AA
insertion located between the proline-rich region and the
first zinc finger and the KTS triplet between the third and
fourth Zn-fingers have been demonstrated to change the
[115]
DBD conformation and diminish WT1 DNA-binding .
Therefore, the WT1 isoforms harboring these insertions
have been suggested to be less transcriptionally
[119]
active . While WT1 expression in the normal liver is
very low, in the cirrhotic liver and HCC tissue, all 4 major
[116,120,121]
WT1 variants are upregulated
.
The functional differences in the KTS-variable
WT1 isoforms have been investigated in HCC model
systems. In HepG2 and Hep3B hepatomas, exogenously
expressed WT1 KTS(-) isoforms, but not KTS(+), act
as tumor suppressors, triggering a p53-independent
[119]
apoptotic program . Conversely, in Huh7 and HLE cells,
the major 17AA(+) KTS(+) isoform inhibits apoptosis via
transcriptional activation of the cFLIP apoptotic inhibitor
[122]
and repression of FADD, a caspase cascade activator .
These data imply that cell fate decisions may be
dependent on the ratio of KTS(+)/KTS(-) isoforms in
HCC cells.
The WT1 knockdown in PLC/PRF/5 HCC cells sti
mulates differentiation through upregulation of the
key hepato-specific regulator HNF4α and leads to the
[121]
loss of resistance to apoptosis . In contrast, ectopic
equimolar expression of 4 major WT1 variants in a
primary rat hepatocytes culture induces a decrease in
[120]
HNF4α expression and dedifferentiation
. Overall,
the existing ambiguity regarding the impact of WT1
on different tumors could be explained not only by the
tissue-specific context but also by a different spectrum
of expressed WT1 variants. Importantly, the expression
of minor WT1 isoforms, in addition to the major ones,
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MINOR ISOFORMS OF HIF1α FOUND
IN HEPATOMA CELLS ARE ABLE
TO COUNTERACT THE ADAPTIVE
RESPONSE TO HYPOXIA
bHLH-PAS protein HIF1α promotes tumor progression
through the regulation of the adaptive response to
[123]
hypoxia
. HIF1α has been proven to be the most
potent inducer of the expression of vascular endothelial
growth factors and other hypoxia-responsible elementcontaining genes in various cell type-dependent
[124-126]
contexts
. HIF1α is not detected in hepatocytes
under normoxia; its expression is triggered by low oxy
[127]
gen levels in the murine liver . HIF1α expression is
induced in dysplastic liver nodules during malignization
[128]
and is further increased in HCC , where its upregu
lation correlates with vascular invasion and a poor
[129]
prognosis
. In Hep3B hepatoma cells, HIF1α mo
dulates the expression and alternative splicing of
its target genes to facilitate tumor cell metabolism
[130]
adaptation to hypoxia
.
The amino-terminal region of HIF1α harbors a
bHLH DBD followed by the PAS domain, which enables
its heterodimerization with HIF1β, a component of
the TA-competent HIF1 complex, and by the oxygendependent degradation domain (ODDD). ODDD
contains proline residues that are modified under
normoxia and potentiate binding to VHL ubiquitin ligase
to provide ubiquitin-dependent degradation of the TF.
The C-terminal part of HIF1α contains 2 TADs and the
[125,131]
NLS region
.
HIF1α transcription is regulated by the universal I.1
promoter that drives expression of the major HIF1α1.1
isoform or by two tissue-specific promoters, I.2 and
I.3, which give rise to minor HIF1α1.2 and HIF1α1.3
[132]
variants
. Alternative splicing of the HIF1α1.1
transcript leads to frameshifts and generates isoforms
with impaired activity. DN cytoplasm-localized HIF1α516
and HIF1α557 variants are devoid of the NLS and both
TADs as a result of the exclusion of exons 11/12; thus,
they escape hypoxia-induced nuclear translocation
and lack TA properties. The HIF1α736 variant lacks the
C-terminal TAD due to the exclusion of exon 14 and
demonstrates weaker TA properties compared with
[123,133,134]
HIF1α1.1
.

653

October 27, 2018|Volume 10|Issue 10|

Krivtsova O et al . Isoforms of transcription factors in hepatocarcinoma
HIF1α1.1 is a predominant isoform generated under
hypoxic conditions in hepatoma cell lines. The expression
of minor fractions of HIF1α516 and HIF1α736 that
inhibit the activity of HIF1α1.1 through competitive
binding to HIF1β and thereby reduce the expression of
HIF1 target genes has also been identified in hepatoma
[123,134]
cells
. Although the biological role of these variants
in hepatocarcinogenesis is underexplored and no survival
analysis addressing their impact has been carried out
to date, further investigation of DN HIF1α variants is
required to define the possible utility of distinct isoforms
in prognosis and therapy.

various incoming signals to a wide variety of target
genes to modulate their expression, and the processes
presumably regulated by these atypical isoforms might
also be relevant for hepatocarcinogenesis (Figure 2).
The existence of TF isoform variants enables their
functional diversification for the tight tissue- and
condition-specific regulation of target genes. In contrast,
aberrant production of TF variants with different TA
properties can result in a significant alteration of the
transcriptional program of the cell and, eventually,
in its malignization. For instance, the overproduction
of DN isoforms of TFs that are able to dimerize with
functionally active variants of the corresponding TFs
or compete for co-factors and/or binding to target
gene promoters causes a reduction or inhibition of
the functional activity of such TFs. The abnormal
isoform production may result in mRNA degradation or
structural changes that cause cytoplasmic localization,
constitutive activation of TFs or enhanced TA ability and
other alterations that eventually affect the expression of
target genes.
The rapid development of transcriptome sequencing
and proteomic technologies facilitates the detection,
quantitative assessment and acquisition of statistically
significant data on alterations of TF isoform ratios.
Recently, global profiling of alternative splicing in
hepatitis-associated and virus-free HCCs using a TCGALIHC dataset revealed deep perturbations in RNA splicing
concomitant with altered expression levels and isoform
patterns of splicing factors. Among the spectrum of
alternatively spliced transcripts, those that are common
for HCC or those that change depending on hepatitis
[24]
infection status have been identified . Notably, 7.6% to
9.0% of differentially spliced transcripts in HCCs originate
from TF-encoding genes, including those involved in the
regulation of the specification, differentiation or malignant
transformation of hepatocytes (HNF1B, FOXM1, PPARA,
[24]
NR1I3/CAR, NR3C1/GR) . However, very few of the
identified TFs have been previously investigated with
regard to the biological effects or clinical implications of
their isoforms. The available data on TF isoforms that are
produced in the liver and HCC are summarized in Table 1.
The application of methods that allow the differential
detection of TF isoforms appears to be crucial for the
identification of clinically relevant alterations. Data
based on the evaluation of the total level of gene
expression or protein synthesis may be ambiguous, as
such approaches mask the contribution of individual
TF isoforms possessing distinct transcriptional activities
to the overall pool of the corresponding TF. For
example, several oncogenic TCF4 isoforms implicated in
hepatocarcinogenesis are substantially upregulated in
HCC, whereas the expression of other variants is usually
decreased or unaltered.
Additionally, the ratio and functional impact of TF
isoforms may significantly depend on the tissue-specific
context. In the liver, HNF4a isoforms that are translated
from mRNA transcribed from the P1 promoter are

TRANSCRIPTIONAL REPRESSOR ZIP
(ZGPAT)
ZIP (ZGPAT) is a DNA-binding transcriptional repressor
that contains a C3H1-type zinc finger, TUDOR, G-patch,
coiled-coil domains. ZIP-mediated transcriptional
repression of target genes is achieved through the
recruitment of the nucleosome remodeling and dea
[135]
cetylase (NuRD) complex
. Dimerization of ZIP is
[136]
essential for its DNA binding ability
. ZIP target
genes encode growth factors and their receptors, cell
cycle regulators, components of the MAPK signaling
pathway, actin cytoskeleton, and tight and gap junc
tions, particularly EGFR, PTEN, CDC25A, FGF5, FGF14,
[135]
PDGFB, RGS3, and VCAM1 .
Two ZIP isoforms have been identified. The fulllength one acts as a transcriptional repressor, whereas
a truncated sZIP variant deficient in DBD but capable
of competitive binding with NuRD and, presumably,
of dimerizing with ZIP decreases the inhibitory effect
[136,137]
of ZIP
. Unlike most cell types, hepatocytes ex
[135]
press both truncated and full-length ZIP variants
.
Induced ZIP overexpression in HepG2 cells result in
EGFR transcriptional downregulation, growth inhibition
and a reduced clonogenic potential. In contrast, sZIP
overexpression or ZIP/sZIP co-expression induce clearly
opposite effects, indicating that the shortened isoform
[137]
can counteract the tumor-suppressing activity of ZIP .

CONCLUSION
Aberrant alternative splicing has recently been proposed
[138]
to be an additional hallmark of cancer . We believe it
reasonable to consider this hallmark in a broad sense,
i.e., as the generation of transcripts and protein variants
that are not characteristic of a particular cell type. Such
an interpretation stems from the observation that
the mechanism of isoform generation is not limited
to alternative splicing and can be based on additional
mechanisms that are listed above or, frequently, on their
combination. The production of aberrant isoforms is
certainly not only a hallmark of cancer but also the cause
of the development of other distinguishing characteristics
of tumor cells. This statement is particularly relevant in
regard to TF isoforms since TFs act as hubs that convert
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C/EBPβ-LIP, TCF-4B, TCF-4C, TCF-4J, ERα, SV1, sZIP,
HNF4α1, C/EBPβ-LAP, Δ40p53α, TCF-4K, wtKLF6, SV2, ZIP
C/EBPβ-LAP, p53, p63, p73, wtKLF6, WT1 KTS(-),
ERα, C/EBPβ-LIP, DN p63 and p73 variants, WT1 KTS(+)
TCF-4C, TCF-4J, sZIP, Δ40p53α, ZIP
TCF-4C, TCF-4J, TCF-4K, SV1, C/EBPβ-LAP

Proliferation
Apoptosis
Clonogenicity
Migration

HNF4α1, C/EBPβ-LAP

Metastasis

SV1, HNF4α1

EMT

HNF4α1, C/EBPα, C/EBPβ-LIP, PGC-1α

HCC

HIF1α

Vascular
invasion

HIF1α

Adaptation
to hypoxia

ERα

Inflammation
Hepatic differentiation,
xenobiotics metabolism,
gluconeogenesis

Figure 2 The key processes implicated in hepatocarcinogenesis that are regulated by transcription factors or their specific isoforms. TFs with stimulatory
effects on these properties are depicted in green color, and TFs acting as repressors are colored in red. Sharp arrows indicate the stimulation of HCC development,
and inhibition is indicated by blunt arrows. TF: Transcription factor; HCC: Hepatocellular carcinoma; EMT: Epithelial-mesenchymal transition.

predominant and clearly demonstrate tumor-suppressive
[37]
properties . In the colon epithelium, HNF4A isoforms
transcribed from both promoters are normally expressed.
Unlike HCC cells, non-isoform-specific HNF4A knockdown
[147]
in colorectal carcinoma cell lines inhibits proliferation ,
while HNF4αP1 downregulation in vivo is associated
with a higher metastatic potential in CRC, raising
the possibility that this isoform group nevertheless
[148]
implements a tumor suppressive function . Thus, the
isoform-discerning approach may resolve the existing
contradictions in understanding the roles of certain TFs
that are believed to exert opposing effects in different
types of tumors.
Overall, knowledge of the effects of particular
isoforms, their tissue-specific expression profiles and
shifts in their ratios in disease may be of practical
value for HCC prognosis and outlining potential
therapeutic targets. Unfortunately, the available data
on TF isoforms are mostly based on in vitro studies,
the results of which are not to be directly extrapolated
since gene expression, splicing and the effects of those
[149,150]
variants may differ in vivo
. Few of the isoforms
discussed above have been investigated in terms of
their prognostic significance in HCC, although their
aberrant production is associated with clinical features
and outcomes in other types of cancer. To date, only
the overproduction of HNF4αP2, ΔN-p73 and the
downregulation of the TAp63 and ERα-66 isoforms
have been reported to be significantly associated with
the poor survival in HCC patients. A comprehensive
understanding of the functions and regulation of
particular isoforms may be further applied to the
development of new therapeutic approaches. For
instance, the upregulation of the anti-apoptotic Bcl-x(L)
isoform of Bcl-2-like protein 1 is frequently observed
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in HCC. Its knockdown in hepatoma cell lines through
RNA-interference has been demonstrated to induce
apoptosis after staurosporine treatment in originally
[151]
resistant cells
. A similar approach may be applied
to inhibit isoforms that exert definite oncogenic effects,
such as SxxSS-deficient TCF4 variants, which are
overexpressed in HCC and possess high transcriptional
activity due to the absence of co-repressor binding or
posttranslational modifications that normally decrease
TCF4 activity.
Identification and targeting of the regulators that
control the production of particular TF variants would
also be beneficial. For instance, tumor-suppressive
HNF4α and KLF6 isoforms are frequently downregulated
in HCC and can induce at least partial reversion of
the malignant phenotype. In contrast, c-MET- and
EGFR-mediated activation of signaling pathways
that are essential for hepatocarcinogenesis has been
demonstrated to drastically alter the expression of
multiple splicing factors and induce the production of
[14]
DN KLF6 and p73 isoforms . Thus, targeted inhibition
of the indicated signaling pathways may be considered
as an additional strategy to prevent aberrant isoform
synthesis. Since the expression of genes encoding
splicing machinery components is altered in HCC, their
inhibition may be considered as an additional way
to reduce aberrant splicing. Several small molecule
splicing modulators targeting basal splicing machinery
or splicing factors and their regulators have been
identified. Such modulators effectively inhibit tumor
growth in vivo, but they lack specificity; in addition,
they have been demonstrated to be toxic in xenograft
[152]
experiments and clinical trials
. Alternatively,
whereas some components of the splicing regulatory
[23]
network are recurrently mutated in HCC , targeting
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these mutant proteins with specific small molecules or
antibodies may be relevant. Thus, further expansion of
knowledge on the functions of TF variants, mechanisms
of their generation and switching in HCC should shed
light on additional mechanisms of hepatocarcinogenesis.
Hopefully, it will also facilitate the discovery of new
clinically relevant prognostic markers and therapeutic
targets and contribute to the development of novel
approaches to cancer treatment.
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The complement system is a key component of the
body’s immune system. When abnormally activated,
this system can induce inflammation and damage to
normal tissues and participate in the development and
progression of a variety of diseases. In the past, many
scholars believed that alcoholic liver disease (ALD) is
induced by the stress of ethanol on liver cells, including
oxidative stress and dysfunction of mitochondria
and protease bodies, causing hepatocyte injury and
apoptosis. Recent studies have shown that complement
activation is also involved in the genesis and de
velopment of ALD. This review focuses on the roles
of complement activation in ALD and of therapeutic
intervention in complement-activation pathways. We
intend to provide new ideas on the diagnosis and
treatment of ALD.
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Core tip: In this review, we cited evidence that the com
plement system is involved in the pathogenesis of each
stage of alcoholic liver disease (ALD) that include fatty
liver, alcoholic hepatitis, and fibrosis/cirrhosis, and we
also summarized the complement regulation in ALD. We
intend to provide new ideas on the treatment of ALD.
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Fatty acid ethyl ester has cytotoxicity, which can further
[19]
injure the liver and pancreas . Thus the liver becomes
the main organ damaged by ethanol. Chronic ethanol
exposure results in decreased protease activity in liver
cells, imbalance of the liver’s detoxification function, and
overproduction of acetaldehyde, thus inducing hepatic
oxidative stress and complement activation; all these
[20]
activities can injure hepatocytes .

Lin CJ, Hu ZG, Yuan GD, Lei B, He SQ. Complements are
involved in alcoholic fatty liver disease, hepatitis and fibrosis.
World J Hepatol 2018; 10(10): 662-669 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i10/662.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.i10.662

INTRODUCTION
COMPLEMENT ACTIVATION PATHWAY

Liver disease caused by long-term excessive ethanol
drinking is a major cause of chronic liver disease. As
the global incidence of alcoholic liver disease (ALD)
increases year by year, it has become a serious threat
to human health. Almost all heavy drinkers have
fatty liver, 10%-20% of which develop into alcoholic
[1]
hepatitis, cirrhosis, and even hepatocellular carcinoma .
Exploration of the mechanisms of alcohol-induced liver
injury and repair is extremely important in developing
methods for preventing and treating ALD.
The complement system plays an important beneficial
role in the immune system: Complement activation
promotes target-cell lysis, with the associated elimination
of exogenous pathogens. Yet, the complement system
is a “double-edged sword”, as the excessive activation
of complement can induce inflammation and lead to
autoimmune diseases, such as autoimmune kidney
disease, glomerular nephritis, acute lung injury, and
[2-5]
others . Most plasma complement components are
synthesized in liver cells. Thus, the liver becomes the
[6-8]
main target of damage by complement activation .
This connection is likely due to the direct effects of alcohol
that activate complement, but not because the liver is a
major producer of complement proteins. Several studies
have illustrated that complement activation is involved in
[8-14]
the development of ALD
(Table 1).

The complement system consists of more than 30 kinds
of proteins with enzyme-like activities which are inherent
components, regulatory proteins, and complement
receptors. Complement regulatory proteins include
plasma soluble factors, membrane binding proteins,
homologous restriction factor, and membrane inhibitors
of reactive lysis. Because the complement system is
involved in inflammation and immune regulation, it plays
an important role in regulation of pathophysiological
[21]
functions .
Complement is activated by three pathways: The
classical, mannan-binding lectin (MBL), and alternative
pathways. The three pathways start with different
mechanisms, but they end with a common terminal
pathway, as shown in Figure 1. The classical pathway is
the main mechanism of immune responses. In it, C1q
identifies immune complexes, followed by the activation
of C1r and C1s. Activated C1s cleaves C2 and C4 to form
C3 convertase (C4bC2a), which cleaves C3 to form C5
convertase (C4bC2aC3b). In contrast to activation of the
classical pathway, activation of the lectin pathway does
not depend on immune complexes. In this pathway,
the cascade of enzymatic reactions proceeds in this
sequence: MBL identifies the pathogens to form MBLassociated serine proteases (MASP1, MASP2); MASP1
directly cleaves C3 to form C3 convertase (C3bBb),
MASP2 cleaves C4 and C2 in a manner similar to that of
C1s, forming C3 convertase (C4bC2a), which continues
to cleave C5 to form C5 convertase (C4bC2aC3b).
Thus, this pathway can cross-promote the classical
and alternative pathways. The alternative pathway is
activated with hydrolysis of C3 into C3(H2O), factor B
and factor D, the activation of which is also independent
of immune complexes, and participates in the defense
[13,22-24]
mechanisms of the early stage of inflammation
.
The above three pathways merge into the terminal
pathway, in which C5 convertase cleaves C5 to form C5a
and C5b, and C5b combines with C6, C7, C8 and C9 to
form the membrane attack complex (MAC). Formation
of the MAC leads to cell lysis and induces cells to release
inflammatory cytokines.

METABOLIC PATHWAYS OF ETHANOL
Most ingested ethanol is absorbed into the blood
circulation, and soon reaches each organ of the body.
About 90% of the ingested ethanol is metabolized
[15]
in the liver , and most is metabolized by alcohol
dehydrogenase and aldehyde dehydrogenase to form
acetic acid, which can be used as substrate in the
tricarboxylic acid cycle to produce energy. With excessive
drinking, the body can activate another metabolic
pathway, i.e., the microsomal ethanol oxidation system
(MEOS), which catalyzes ethanol mainly by cytochrome
P450 2El in Kupffer cells. The MEOS can over produced
reactive oxygen species and reactive nitrogen species,
which may exceed the body’s antioxidant capacity. Free
radicals produced via the MEOS pathway exert a series
of toxic effects: Membrane-lipid peroxidation, intracellular
protease degeneration, oxidative modification of DNA,
and others, which eventually lead to necrosis or apoptosis
[14,16-18]
of hepatocytes
. A small percentage of ethanol is
metabolized by fatty acid ethyl ester synthase to produce
fatty acid ethyl ester through the non-oxidative pathway.
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ALD progresses in three distinct stages: Fatty liver,
alcoholic hepatitis, and fibrosis/cirrhosis. In this review,
we cite evidence that the complement system is involved
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[29,30]

triglyceride storage in adipocytes
It was also
found that C3adesArg was involved in the triglyceride
[31]
metabolism .
Thus, activation of complement C1 and C3 appears
to play a significant role in promoting fatty accumulation
in the liver. Further definition of the relationship between
activated complement C1, C3 and lipid metabolism in
the liver may aid in the development of methods for
intervention and treatment of alcoholic fatty liver disease.
Besides C1 and C3, complement C5 also is involved in
[32,33]
lipid metabolism. Bavia et al
found that the activation
of complement C5 by high-dose ethanol exposure can
affect the distribution of lipid in liver cells and serum.
Less lipid and cholesterol is deposited in hepatocytes
of C5- mice than in hepatocytes of C5+mice, and
values of IL-17, which are involved in the synthesis and
metabolism of lipid and cholesterol, are higher in C5[34,35]
mice than in C5+mice
. The above-cited reports
indicate that activation of C5 may play a role in the
development of alcoholic fatty liver.

Table 1 Important publications on complement in alcoholic
liver disease
Complement
component

Study

Alcoholic liver disease

[10]

Järveläinen et al
C1, Crry, CD59 Alcohol-induced injury
Bykov et al[11]
C3
Liver steatosis
Pritchard et al[8]
C3, C5, DAF
Fatty liver
He et al[7]
C3
Liver steatosis
Cohen et al[13]
C1q
Alcohol-induced injury
Wlazlo et al[27]
C3
Liver steatosis
Shen et al[6]
C3
Alcoholic hepatitis
Maslowska et al[30]
Factor D
Alcoholic hepatitis

Species
Rat
Mouse
Mouse
Mouse
Mouse
Human
Mouse
Mouse

Crry: Complement receptor 1-related protein y; DAF: Decay accelerating
factor.

in the pathogenesis of each of these stages.

Complement activation in alcoholic fatty liver disease

The liver is the main site of fat metabolism. Disorders
of fat metabolism, caused by various factors, can lead
to excessive fat accumulation in the liver cells, i.e., fatty
liver. Long-term heavy drinking is the main independent
[25]
risk factor of fatty liver disease , but its pathogenesis is
[26]
not clearly defined. Liu et al found that gut microbiota
played a synergistic role in the liver response, and
the complement system was suppressed in fatty liver
which was partially due to increased blood lactic acid
from enriched Lactobacillus. Abnormal complement
activation reportedly enhances the sensitivity of steatotic
livers to ischemia and reperfusion injury, which leads
[27,28]
to the development of fatty liver
. Järveläinen et
[10]
al
found that deposition of complement C1, C3, and
C8 was increased, and the expression of membranebinding proteins, complement receptor 1-related protein
y (Crry), and CD59 was decreased in the liver cells of a
mouse ALD model. These findings proved that alcoholinduced complement activation can result in ALD, at least
in an experimental model. In a study in mice chronically
[13]
exposed to ethanol, Cohen et al
found that lipid
deposition in liver cells as well as values of liver-related
serum enzymes (alanine aminotransferase and aspartate
amino transferase) increased significantly; various
degrees of liver cell apoptosis were also found. Moreover,
with knock out of the C1q gene, hepatic steatosis in the
[13]
mice was significantly decreased . This study illustrated
that complement activation could be associated with
ethanol-induced hepatic steatosis.
[11]
Bykov et al fed C3+/+ and C3-/- mice a high fat
and high alcohol diet, respectively, and found that hepatic
steatosis and significant increases in triglyceride values
occurred in the C3+/+mice, whereas C3-/-mice were
protected from ethanol-induced liver injury; research by
[9]
Stewart et al yielded similar results.
At the complement activation pathways, C3a
converted to C3adesAg, C3adesArg which known as
acylation stimulating protein had been shown to have
lipogenic activity via its receptor C5L2, and promoted
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Complement activation in alcoholic hepatitis

ALD has many potential pathogenic factors, such as
endotoxin, which may lead to complement activation
[6]
and deposition in the liver cells. Shen et al found that
complement activation was involved in humans with ALD.
[13]
Cohen et al
found that long-term alcohol exposure
can lead to apoptosis of liver cells, and the degree
of apoptosis is positively correlated with liver injury.
However, whether short-term alcohol exposure can cause
hepatocyte apoptosis was not known. Further research
found that short-term alcohol exposure did not cause
hepatocyte apoptosis, but it did promote the deposition
of complement C3b and the expression of inflammatory
cytokines (tumor necrosis factor and IL6). After the Cq
gene was knocked out, the expression of inflammatory
cytokines was significantly reduced compared to that in
[12,13]
[36]
wild-type animals
. Experiments by Païdassi et al
[37]
and Lu et al supported these observations.
Complement C5, a core component of the comple
ment activation pathway, is involved in the occurrence
and development of alcoholic hepatitis, in addition to fatty
[6,8,38]
[38]
liver
. Bavia et al
documented this in a hepatitis
model induced by alcohol; they found that values of proinflammatory cytokines (IL-6, IFN-γ, IL-1β, and others)
in B6C5+ mice were significantly higher than those in
B6C5- mice, and anti-inflammatory factors (IL10 and
IL17) were secreted significantly more in B6C5- mice.
These findings illustrated that activated C5 induced the
expression of proinflammatory cytokines after alcohol
exposure. Up-regulated expression of pro-inflammatory
cytokines (IL-6, IFN-γ, IL-1β, and others) aids the body’s
defense against pathogenic microorganisms, but it also
participates in the pathogenesis of alcoholic fatty liver
[8,39-41]
and alcoholic hepatitis
.

Complement activation in alcoholic hepatic fibrosis

Intrahepatic inflammatory reaction and a decrease
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MBL pathway

Classical pathway

FB

C4a

FD

Alternative
pathway

C1r
+
C1s

Bb

MASP1

MASP2

C4

C3

C3bBb

C3

C4b

C1-INH

RNA aptamer

FH, FI

Crry, DAF/CD55

C2

C1q

C4b

C2

C4bC2a

FI, CR1, FH
MCP/CD46

C1s
C3
C4bC2aC3b

C3a
C3aR

C5a

+

C3bBbC3b

C5

C5b

C5aR

C6
C8

C9

anti-C5 Ab
RNA aptamer

C7
MAC
CD59, S-protein
Clusterin

Inflammatory cytokines release

Cell apoptotsis

Figure 1 Complement activation pathway and regulation. Three pathways (classical, pathway, mannan-binding lectin, and alternative) are involved in complement
activation. Green arrows without a red line indicate the process of complement activation. Green arrows with red line indicate the the process of inhibiting complement
activation. MBL: Mannan-binding lectin; MASP: MBL-associated proteases; FB: Factor B; FH: Factor H; FI: Factor I.

in structural integrity of hepatic sinusoidal endothelial
cells after long-term alcohol exposure are important
inducements to liver injury. Sinusoidal endothelial cells
express C5R1, which is the foundation of C5 activation[42]
induced alcoholic hepatic fibrosis . In recent years, the
pathogenesis of alcoholic hepatic fibrosis has attracted
worldwide attention , but the cause of the fibrosis
[43-45]
is still not fully defined
. According to published
[46,47]
reports
, complement C3, C4 and activation of the
MBL pathway are involved in the development of fibrosis.
[38]
Bavia et al
using the mouse model of ALD, found
that values of TGF-β, which promotes hepatic fibrosis,
were significantly higher in B6C5+ mice than in B6C5[38,48]
[49]
mice
. Hillebradt et al found that the C5 gene was
involved in the regulation of hepatic fibrosis on human
chromosome, and further study found that C5- mice
had decreased hepatic fibrosis. Thus, the evidence
indicates that activation of complement C5 may promote
hepatic fibrosis. Exploration of the relationship between
complement activation and alcoholic hepatic fibrosis,
and of possible intervention in ALD by reversing the
progression of hepatic fibrosis in its early stage, seems
worthwhile goals.

part of the mononuclear phagocyte system. Alcohol
exposure in the early stage can promote apoptosis
of Kupffer cells, but longer exposure usually is nee
[13,50,51]
ded
. Ethanol-induced activation of complement
component C1q at the early stage of ALD promotes
the release of inflammatory cytokines from Kupffer
[51-56]
cells, which further promote alcoholic liver injury
.
Furthermore, Kupffer cells can express C3R and C5R,
then induce prostaglandin release and synthesis of
[57-60]
pro-inflammatory cytokines
. However, in certain
pathological conditions, activated C5 combines with
C5R, inducing the upregulation of fibrinogen on Kupffer
cells, an interaction that is believed to lead to hepatic
[22,61]
fibrosis
. In addition, alcohol-induced upregulation
of CD14 leads to Kupffer cells combining with lipo
polysaccharide, which induces liver damage through
the activation of TLR4 in Kupffer cells and inflammatory
signaling pathways; these events can further aid in the
[62]
development of hepatic fibrosis or cirrhosis . Thus,
Kupffer cells seem to be extensively involved in the
[63-66]
development of ALD
.

Complement-induced Kupffer cells activation in ald

Reducing inflammatory reactions by inhibiting am
plification of the complement cascade and blocking the

COMPLEMENT REGULATION IN ALD

Kupffer cells, located in liver sinusoids, are an important
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Table 2 Complement regulators
Type of regulators
Complement regulatory protein
Complement inhibitor
Targeted inhibitor
RNA aptamer

Regulators

Functions

DAF/CD55, Crry, FH, FI
CD59, protein S, clusterin
C1-INH
h5G1, 1-ScFv

Inhibit C3, C5 convertase
Inhibit MAC
Inhibit C1r, C1s
Inhibit C5 activation
Specifically bind C1q, C5

DAF: Decay accelerating factor; Crry: Complement receptor 1-related protein y; FH: Factor H; FI: Factor I; MAC: Membrane attack complex.

combination of complement with the corresponding
complement receptors are being pursued worldwide.
Excessive activation of complement can be inhibited
by self-regulation of the body (Table 2). For example,
the complement regulatory protein decay accelerating
factor (DAF) can inhibit C3, C5 convertase, thereby
inhibiting amplification of the complement cascade. The
complement regulatory protein Crry can cooperate with
DAF and factor H to accelerate dissociation of C3 and C5
convertase and to cleave C3b and C4b, so that the cells
[67-69]
avoid being attacked by autologous complement
.
Deficiency of CD55/DAF and complement regulatory
[8,11]
factors aggravate liver injury
, whereas factor H can
control the activity and stability of C3 convertase via
[70,71]
binding with C3b
. Also, defects in the factor H gene
can cause persistent activation of complement pathways
[72-75]
and trigger various diseases
. By contrast, factor
H-related proteins (FHRs), including FHR1-5, can either
promote or inhibit complement activation. The degree
of complement activation depends on the homeostasis
[71]
between factor H and FHR . However, the relationship
between factor H and ALD has not been clarified and
[76]
needs further research. McCullough et al
found FDdependent amplification of complement is an adaptive
response that promotes hepatic healing and recovery
in response to chronic ethanol. In other complement
regulatory activities, CD59, protein S and clusterin inhibit
the formation of the MAC through limiting the binding of
[77-81]
complement C9
. Membrane cofactor protein (MCP)
and factor Ⅰ can inhibit cells from binding with C3b and
[82,83]
C4b
.
Specific epitope structures of complement, such as
anti-complement antibody, complement antisense strand,
[84-91]
and complement mutants
have been invented,
with the intent of inhibiting complement activation. In
addition, complement inhibitors and RNA aptamer are
being used to inhibit progression of complement-related
[92,93]
diseases
, and C1-INH and CR1 have been used in
[10]
the treatment of ALD and other diseases .

the development of ALD. Therapeutic strategies, using
various measures to inhibit complement activation, might
prevent the development of ALD. Thorough understand
ing of the relationships between complement activation
and ALD may aid in developing new approaches for the
treatment of ALD.
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Era of direct acting anti-viral agents for the treatment of
hepatitis C
Monjur Ahmed
indication of liver transplantation in the United States.
The period of less effective interferon therapy with
intolerable side effects has gone. Now we have stepped
into the era of direct acting anti-viral agents (DAAs)
against hepatitis C virus. Treatment of hepatitis C is
now extremely effective, tolerable and requires a short
duration of intake of oral agents. Less monitoring
is required with the current therapy and drug-drug
interactions are less than the previous regimen. The
current treatment options of chronic hepatitis C with
various DAAs are discussed in this article.
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Core tip: Treatment of hepatitis C has now become
much easy and simple with the advent of direct acting
anti-viral agents (DAAs) against hepatitis C virus (HCV).
Although the DAAs are highly effective in eradicating
HCV infection, they have different mechanisms of
action, side effects, resistance factors and drugdrug interactions. The treatment also varies in special
situations like HCV/ human immunodeficiency virus coinfection and post-liver transplant patients. Physicians
treating patients with HCV infection should have a
clear knowledge about the DAAs as well as the current
guidelines.

Manuscript source: Unsolicited manuscript
Correspondence to: Monjur Ahmed, FACG, FACP, MD,
Associate Professor, Division of Gastroenterology and Hepa
tology, Department of Internal Medicine, Thomas Jefferson
University, 132 South 10th Street, Suite 468, Main Building,
Philadelphia, PA 19107,
United States. monjur.ahmed@jefferson.edu
Telephone: +1-215-9521493
Fax: +1-215-7551850
Received: April 11, 2018
Peer-review started: April 11, 2018
First decision: May 2, 2018
Revised: May 15, 2018
Accepted: May 23, 2018
Article in press: May 24, 2018
Published online: October 27, 2018

Ahmed M. Era of direct acting anti-viral agents for the treatment
of hepatitis C. World J Hepatol 2018; 10(10): 670-684 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v10/i10/670.
htm DOI: http://dx.doi.org/10.4254/wjh.v10.i10.670

Abstract

INTRODUCTION

Hepatitis C infection is universal and the most common

Chronic hepatitis C infection is common in the United
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States and throughout the world. About 3 million
people in the United States and 177.5 million people
[1]
in the world suffer from chronic hepatitis C infection .
Hepatitis C virus (HCV) contains structural proteins core or C protein, E1 and E2 envelope proteins, and
nonstructural proteins - P7, NS2, NS3, NS4A, NS4B,
[2]
NS5A and NS5B . HCV contains error prone RNA
dependent RNA polymerase and mutation is present
[3]
during each viral replication . As a result, HCV exists
as a quasispecies characterized by the presence of
various genetically distinct variants which protect the
[4]
HCV from host defenses as well as anti-HCV agents .
DAA are specific antiviral agents targeting the critical
steps of HCV replication. With the development of direct
acting anti-viral agent (DAA), the treatment of chronic
hepatitis C has been completely revolutionized. In 1990’s
when we had only Interferon therapy, the sustained
virological response (SVR) was 17% with many side
[5]
effects . Then Pegylated Interferon and Ribavirin came
[6]
after few years but still the SVR was 40% to 50% . In
2011, the first generation NS3/4A protease inhibitors
(Telaprevir and Boceprevir) were launched to be used
with pegylated interferon and ribavirin for the treatment
of hepatitis C genotype 1 infection. The SVR improved to
about 70% at the expense of many side effects, drugdrug interactions and complex regimen of administration
[7]
nd
of medications and cost . Now we have 2 generation
NS3/4A protease inhibitors, NS5A inhibitors and NS5B
inhibitors. They have markedly improved the efficacy of
treatment of HCV infection. The different DAAs with their
dose, efficacy, side effects, drug-drug interactions as well
as specific treatment against different genotypes of HCV
will be discussed in the following sections (Figure 1).

given with pegylated interferon and ribavirin to treatment
(Interferon)-experienced hepatitis C genotype 1 patients.
The SVR12 was 79.2%. The SVR 12 also varied with
the host IL28B genotype. Patient’s IL28B genotype is
involved in the host immune response to HCV infection.
There are 3 IL28B subtypes: CC, CT and TT. The IL28B
CC genotypes had the highest response and the IL28B
[12]
TT genotypes had the lowest response . In COSMOS
trial, combination of simeprevir and sofosbuvir (NS5B
inhibitor) with or without ribavirin were given to HCV
genotype 1 infected patients - both treatment-naïve
patients and non-responders to pegylated interferon
and ribavirin for 12 wk and 24 wk. Ninety-two percent
[13]
to 94% of patients achieved SVR12 . In OPTIMIST-1
trial, combination of simeprevir and sofosbuvir was
given to treatment-naïve non-cirrhotic HCV genotype 1
infected patients. Ninety-seven percent of patients who
received this combination achieved SVR12 in the 12 wk
arm whereas only 83% achieved SVR12 in the 8-wk
[14]
arm . In OPTIMIST-2 trial, cirrhotic patients due to HCV
genotype 1 infection received combination of simeprevir
and sofosbuvir for 12 wk. SVR12 was achieved in 83%
of patients: 88% in treatment-naïve patients and 79% in
[15]
treatment-experienced patients .
The main side effects of Simeprevir include headache,
[16]
fatigue, nausea, photosensitivity and skin rash .
Latent HBV infection could be reactivated if patient is
on simeprevir. Simprevir can also cause hepatic failure
if used in decompensated cirrhosis of liver. Simeprevir
has sulphur moiety which may cause sulphur allergy.
Patients on simeprevir should not take moderate to high
intensity enzyme-inducers or enzyme-inhibitors as they
may decrease or increase the serum levels of simeprevir.
Prior to the use of Simeprevir, it is recommended to do
Q80K polymorphism screening (HCV GenoSure NS3/4A
Assay) which has been found in 35% of patients infected
with HCV genotype 1, and in more than 40% of patients
[17]
infected with HCV genotype 1a . In the Interferon free
era, combination of simeprevir 150 mg/d and sofosbuvir
400 mg/d for 12 wk is recommended as an alternative
regimen in the treatment of treatment-naïve genotype
1a or 1b patients without cirrhosis as per the American
Association for the Study of Liver Diseases (AASLD).
Drug-drug interactions: Common medications which
are not recommended to be co-administered with Si
meprevir include systemic antibiotics like clarithromycin,
erythromycin, systemic antifungals like fluconazole,
ketoconazole, itraconazole, antimycobacterials like
rifampin, rifabutin, anti-hepatitis C medication ledipasvir,
anti-human immunodeficiency virus (HIV) medications
like ritonavir, darunavir, efavirenz, nevirapine, etravirine,
delavirdine, atazanavir, nelfinavir, saquinavir, indinavir,
fosamprenavir, tipranavir, anti-arrhythmic drug like
amiodarone, anticonvulsants like phenytoin, pheno
barbital, carbamazepine, dexamethasone, cyclosporine,
[18]
milk thistle and St. John’s Wort .
Paritaprevir is a macrocyclic NS3/4A protease
inhibitor used in combination with low dose ritonavir
which is a strong CYP3A inhibitor, and thus increases

NS3/4A protease inhibitors

HCV NS3/4A is a multifunctional protein composed
of a membrane-targeted serine protease domain and
a helicase domain. NS3/4A protease is responsible
for maturation of a viral polyprotein that cleaves and
generates NS3, NS4A, NS4B, NS5A and NS5B. Thus
[8]
NS3/4A protease is essential for viral replication .
NS3/4A protease inhibitors (PIs) are classified into first
[9]
generation PIs and second generation PIs . The first
generation PIs include boceprevir and telaprevir. They
are no longer used in clinical practice. The second gene
ration PIs includes simeprevir, paritaprevir, grazoprevir,
glecaprevir and voxilaprevir. They are highly potent
DAAs but they have low barrier to resistance and limited
genotypic coverage.
nd
Simeprevir is a once daily macrocyclic 2 - waive
NS3/4A protease inhibitor approved to be used with
pegylated interferon and ribavirin for the treatment
of chronic hepatitis C genotype 1 patients in 2013. In
QUEST-1 and QUEST-2 trials (simeprevir + PEG + RBV
vs PEG + RBV in treatment-naïve genotype 1 patients),
80% to 81% of treatment-naïve patients achieved
SVR12, i.e., negative viral load 12 wk after completion
[10,11]
of treatment
. Patients who had Q80K polymorphism
had only 58% SVR12. In PROMISE trial, Simeprevir was
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[19]

peak and trough level of Paritaprevir . Paritaprevir/
ritonavir-ombitasvir (NS5A inhibitor) - a 3 drug fixed
dose combination tablet co-packaged with dasabuvir
(NS5B inhibitor) tablet in Viekira Pak, and dasabuvir,
ombitasvir, paritaprevir and ritonavir - a 4 drug fixed
dose combination tablet in Viekira XR with or without
ribavirin are approved for the treatment of chronic hepa
[20]
titis C genotype 1 . Paritaprevir/ritonavir-ombitasvir
(in TECHNIVIE) with ribavirin is approved for the
treatment hepatitis C genotype 4 without cirrhosis of
liver. Viekira Pak and Viekira XR carry a higher pill burden
than other regimen. They are also contraindicated in
advanced cirrhosis of liver (Child-Pugh B and C). They
are metabolized mainly in the liver. As a result, no
dose adjustment is needed even in severe renal failure
[21]
including those on dialysis . If the patient has HBV/HCV
co-infection and not receiving HBV antiviral therapy, HBV
reactivation can occur leading to severe hepatitis, hepatic
failure and death. In RUBY-1 trial, 90% of patients
with HCV genotype 1 infection and end-stage renal
disease (CKD 4 and CKD 5) had SVR12, i.e., negative
serum HCV RNA after 12 wk of therapy with dasabuvir,
[22]
ombitasvir, paritaprevir and ritonavir . In case of HCV
genotype 1a infection - Viekira should be continued for
12 wk in non-cirrhotics and 24 wk in cirrhotics. In case of
HCV genotype 1b infection - Viekira should be given for
[23]
12 wk irrespective of cirrhosis or non-cirrhosis status .
In liver transplant recipients with normal liver function
and mild hepatic fibrosis, Viekira pak or Viekira XR with
weight-based ribavirin should be given for 24 wk. The
common side effects of Viekira include nausea, insomnia,
itching and asthenia.
Drug-drug interaction: Common medications which
are contra-indicated with Viekira include lipid lowering
agent gemfibrozil, HMG co-reductase inhibitors simvastatin, atorvastatin, lovastatin, anti-arrhythmic
drug dronedarone, α-1 adrenoreceptor blocker alfuzosin,
anti-anginal medication ranolazine, phosphodiesterase
inhibitor sildenafil, anticonvulsants like phenytoin,
phenobarbital, carbamazepine, sedative/hypnotics
triazolam, midazolam, anti-gout medication colchicine,
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antimycobacterial medication rifampin, antipsychotic
medication lurasidone and pimozide, ergot agents
methylergonovine, ergotamine and dihydroergotamine,
ethinyl estradiol containing medications, prokinetic
agent cisapride, herbal agent St. John’s Wort, immunosu
ppressive agents tacrolimus, sirolimus and everolimus,
[24]
and anti-HIV medication efavirenz .
Grazoprevir is a macrocyclic NS3/4A serine protease
inhibitor against HCV genotype 1 and 4. It is used
in combination with Elbasvir (NS5A inhibitor) for the
treatment of HCV genotypes 1 and 4. In clinical trials,
combination of elbasvir and grazoprevir (Zepatier) has
been shown to achieve SVR in 94% to 97% of cases
of genotype 1 infection and 97% to 100% of cases of
genotype 4 infection. The overall SVR for non-cirrhotics
[25]
was 97% and for cirrhotics 95.7% . The regimen was
[26]
effective in stage 4 to 5 chronic kidney disease . In
case of HCV genotype 1a infection, NS5A resistance
testing should be done prior to initiation of elbasvir and
grazoprevir therapy. In 10% to 15% of cases, NS5A
polymorphism is positive and in that case weightbased ribavirin (less than 66 kg = 800 mg/d, 66 to 80
kg = 1000 mg/d, 81 to 105 kg = 1200 mg/d, greater
than 105 kg = 1400 mg/d administered in two divided
doses with food) should be added and the duration
should be increased from 12 to 16 wk. Otherwise HCV
genotype 1a or 1b infection requires only 12 wk of
Zepatier therapy irrespective of exposure to pegylated
interferon and ribavirin (PEG/RIBA), and presence of
cirrhosis of liver. In case of HCV genotype 4 infection, the
duration of Zepatier therapy is 12 wk for treatment-naïve
patients, but it should be extended to 16 wk if PEG/RIBA
[27]
experienced with prior on-treatment virologic failure .
In C-ISLE study, Elbasvir/Grazoprevir plus Sofosbuvir was
given to patients with compensated cirrhosis due to HCV
genotype 3 infection for 12 wk. The SVR12 was 96% in
treatment-naïve patients and 100% in PEG-interferon/
[28]
Ribavirin experienced patients . HBV reactivation can
occur on grazoprevir/elbasvir therapy if the patient is coinfected with HBV and not receiving anti-HBV therapy.
HBV serology (HBsAg and anti-HBc) and HCV resistance
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associated polymorphisms as mentioned before should
be tested prior to initiation of Zepatier therapy. Common
[29]
side effects include headache, nausea and fatigue .
Common medications which are not recommended
to be used with Zepatier include antibiotic Nafcillin,
antifungal oral ketoconazole, anti-HIV medication etra
virine, cobicistat containing medications like tenofovir,
emtricitabine, cobicistat, HMG Co-A reductase inhibitors
atorvastatin (dose should not exceed > 20 mg/d),
rosuvastatin (dose should not exceed > 10 mg/d),
simvastatin, lovastatin, fluvastatin (should be closely
monitored for myopathy), nacolepsy medication moda
finil, immunosuppressant tacrolimus, and endothelin an
[29]
tagonist bosentan .
Drug-drug interaction: Glecaprevir is a NS3/4A
protease inhibitor coformulated with NS5A inhibitor
pibrentasvir (Mavyret). Glecaprevir-pibrentasvir combi
nation has been shown to have pangenotypic antiHCV activity. In EXPEDITION-1 study, glecaprevir
(300 mg) - pibrentasvir (120 mg) coformulation when
given daily for 12 wk to treatment-naïve or treatment
experienced (pegylated interferon plus ribavirin or
sofosbuvir plus ribavirin) patients with HCV genotypes,
infection and compensated cirrhosis, 99% of patients
[30]
achieved SVR at 12 wk . Another study showed
glecaprevir-pibrentasvir combination when given for
8 wk to patients with HCV genotype-1 and 3 infection
[31]
had SVR 12 of 99.1% and 95% respectively . Patients
with chronic kidney disease (CKD) have more chronic
hepatitis C, particularly in patients on hemodialysis,
8.4% hemodialysis patients had chronic hepatitis C
in the year of 2000. When patients with severe renal
failure (stage 4 or 5 CKD or dialysis dependence)
and HCV genotype 1, 2, 3, 4, 5 or 6 infection with or
without compensated cirrhosis, treatment-naïve or
treatment-experienced (pegylated interferon, ribavirin,
sofosbuvir or a combination of these medications), were
treated with glecaprevir-pibrentasvir combination for
[32]
12 wk, they had sustained SVR12 of 98% . No dose
adjustment was required in patients with severe renal
[33]
failure or in hemodialysis patients .
Three tablets of fixed dose Glecaprevir 100 mg/
Pibrentasvir 40 mg (i.e., 300 mg/120 mg total dose) PO
once daily is given with food.
[33]
In treatment-naïve patients , the recommended
duration is 8 wk for genotypes 1 to 6 infection without
cirrhosis. But the treatment duration is 12 wk for
genotypes 1 to 6 infection with compensated cirrhosis
(Child-Pugh A). In treatment-experienced patients. In
non-cirrhotics: Genotype 1 and NS5A inhibitor prior
treatment: 16 wk. Genotype 1 and NS3/4A protease
inhibitor prior treatment: 12 wk. Genotypes 1, 2, 4,
5, or 6 (prior treatment with boceprevir, or telaprevir
or simeprevir with pegylated interferon and ribavirin,
simeprevir and sofosbuvir): 8 wk. Genotype 3 (prior
treatment with boceprevir, or telaprevir or simeprevir
with pegylated interferon and ribavirin, simeprevir and
sofosbuvir): 16 wk.
[33]
In treatment-experienced patients
with com
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pensated cirrhotics (Child-Pugh A): Genotype 1 and
NS5A inhibitor prior treatment: 16 wk. Genotype 1
and NS3/4A protease inhibitor prior treatment: 12
wk. Genotypes 1, 2, 4, 5, or 6 (prior treatment with
boceprevir, or telaprevir or simeprevir with pegylated
interferon and ribavirin, simeprevir and sofosbuvir): 12
wk. Genotype 3 (prior treatment with, boceprevir, or
telaprevir or simeprevir with pegylated interferon and
ribavirin, simeprevir and sofosbuvir): 16 wk. Common
side effects of Mavyret include headache, fatigue, nausea
and diarrhea.
Commonly used medications which can cause
drug interaction with Mavyret include HMG Co-A re
ductase inhibitors atorvastatin, lovastatin, simvastatin,
rosuvastatin, pravastatin, pitavastatin, fluvastatin,
ethinyl estradiol containing medications, anticoagulant
dabigatran, antiarrhythmic digoxin, anticonvulsant
carbamazepine, antimycobacterial rifampin, anti-HIV
medications efavirenz, ritonavir, lopinavir, darunavir,
atazanavir, herbal medication St. John’s Wort, and
[34]
immunosuppressant cyclosporine .
Voxilaprevir is a NS3/4A protease inhibitor. It is
used in the fixed dose combination of sofosbuvir and
velpatasvir (NS5A inhibitor), commercially available as
Vosevi. In POLARIS-1, sofosbuvir (400 mg)/velpatasvir
(100 mg)/voxilaprevir (100 mg) single pill was given
daily for 12 wk to NS5A inhibitor-experienced patients
with HCV genotype 1-6 infection. In POLARIS-4,
sofosbuvir/velpatasvir/voxilaprevir was given daily for
12 wk to DAA experienced (but not NS5A experienced)
patients with HCV genotype 1-3 infection, and also to
patients with HCV genotype 4 infection. Forty-six percent
of all these patients had compensated cirrhosis of liver.
In POLARIS-1, the SVR was 96%, and in POLARIS-4,
[35]
the SVR was 98% . Currently, Vosevi is approved
for retreatment of: (1) HCV genotype 1-6 infection
in adults who were previously treated with an NS5A
inhibitor-containing regimen; and (2) HCV genotype
1a or 3 infection in adults who were previously treated
with sofosbuvir-containing regimen without an NS5A
[36]
inhibitor . Vosevi can be given to patients without
cirrhosis or with compensated cirrhosis, and no dose
adjustment is required even in severe renal impairment
with glomerular filtration rate (GFR) < 30 mL/min or
end stage renal disease. If the patient is HBV coinfected
and not receiving anti-HBV therapy, HBV reactivation
can occur during or after completion of treatment with
Vosevi. So, serological evidence of HBV infection (HBVsAg
and anti-HBVc antibody) should be looked for before
initiation of therapy with Vosevi. Common side effects
of Vosevi include headache, nausea, diarrhea insomnia,
asthenia and fatigue.
Drug-drug interaction: Certain medications are not
recommended with Vosevi. These include anatacids
like aluminum or magnesium hydroxide, H2 receptor
antagonists like Famotidine, proton pump inhibitor
like omeprazole, anticoagulant like dabigatran, antiarrhythmic agents like digoxin, amiodarone, HMG Co-A
reductase inhibitors atorvastatin, lovastatin, fluvastatin,

673

October 27, 2018|Volume 10|Issue 10|

Ahmed M. Direct anti-viral agents and hepatitis C
[43]

simvastatin, rosuvastatin, pravastatin, pitavastatin,
anticonvulsants like phenytoin, phenobarbital, carba
mazepine, oxcarbazepin, anti-HIV medications efavirenz,
tenofovir, lopinavir, atazanavir, tipranavir/ritonavir, anti
mycobactrial agents like rifampin, rifabutin, rifapentin,
immunosuppressant cyclosporine, and herbal supplement
[37]
St. John’s Wort .

and 97% of non-cirrhotics achieved SVR12 . A small
study showed when fixed dose combination of LedispavirSofosbuvir was given to treatment-naïve and treatmentexperienced patients with HCV genotype 6 infection for
[44]
12 wk, 96% of them achieved SVR12 . At the present
time, Ledispavir-Sofosbuvir combination is indicated for
the treatment of HCV genotype 1, 4, 5 and 6 infections
with or without compensated cirrhosis. It is also used in
HCV genotype 1 infection with decompensated cirrhosis
in combination with ribavirin. Post liver transplant
recipients who have HCV genotype 1 or 4 infection with
or without compensated cirrhosis can be treated with
Ledispavir-Sofosbuvir plus ribavirin for 12 wk. In one
study, 96% of patients who had F-0 to F-3 fibrosis or
[45]
compensated cirrhosis achieved SVR .
Common side effects of Harvoni include headache,
fatigue, nausea and diarrhea. Harvoni like other DAAs
can reactivate HBV if the patient is HBV/HCV co-infected
and not receiving anti-HBV therapy. So prior to initiation
of Harvoni, serological evidence of HBV infection should
be tested and treated if positive.
Drug-drug interaction: Co-administration of amio
darone with Harvoni may cause serious symptomatic
bradycardia. Dose adjustment or regimen change may
be required for certain medications. These include
antiarrhythmic drug digoxin, HMG Co-A reductase inhi
bitor rosuvastatin, anticoagulant warfarin, acid reducing
agents proton pump inhibitors, H2 receptor antagonists,
antacids, anticonvulsants phenytoin, phenobarbital,
carbamazepine, oxcarbazepine, antimycobacterials
rifampin, rifabutin, rifapentine, anti-HCV medication
simeprevir, anti-HIV medications tenofovir DF,
emtricitabine, cobicistat, elvitegravir, tipranavir/ritonavir,
regimen containing tenofovor DF and an HIV protease
inhibitor/ritonavir or cobicistat: darunavir/ritonavir or
cobicistat + emtricitabine/tenofovir DF, atazanavir/
ritonavir or cobicistat + emtricitabine/tenofovir DF,
lopinavir/ritonavir + emtricitabine/tenofovir DF, and
[46]
herbal supplement St. John’s Wort .
Ombitasvir is a NS5A inhibitor. After absorption,
it binds to NS5A and blocks the activity of NS5A to
prevent HCV replication. It is used in combination with
paritaprevir, retinovir and dasabuvir with or without
ribavirin. In Viekira pak, paritaprevir, ritonavir and
ombitasvir packaged in a single table, and dasabuvir is a
different tablet. The daily dose of Viekira pak is 2 tablets
of paritaprevir, ritonavir and ombitasvir in the morning,
and one tablet of dasabuvir twice a day. In Viekira XR,
each tablet contains partaprevir, ritonavir, ombitasvir and
dasabuvir. 3 tablets have to be taken daily for 12 to 24
wk.
Daclatasvir is a highly selective pangenotypic NS5A
[47]
inhibitor . It has dual mode of action as it binds to the
N-terminal of NS5A and thus prevents viral replication
and viral assembly. It is the first oral medication used in
combination with sofosbuvir for 12 wk for the treatment
of hepatitis C genotype 3 infection. HCV genotype 3 is the
most aggressive (having faster disease progression) and

NS5A inhibitors

Inhibit hyperphosphorylation of NS5A phosphoprotein
which is necessary for HCV RNA replication, and they also
cause transfer of NS5A from the endoplasmic reticulum
to lipid droplets in HCV replicon-containing cells leading
[38]
to significant reduction of HCV RNA in cell culture .
Ledipasvir, ombitasvir, daclatasvir, elbasvir, velpatasvir
and pibrentasvir are NS5A inhibitors. They are highly
potent DAA with multigenetic coverage and intermediate
barrier to resistance.
Ledipasvir is a NS5A inhibitor used as part of
combination therapy with Sofosbuvir (NS5B inhibitor)
for the treatment of chronic hepatitis C. The fixed dose
combination called Harvoni (90 mg of Ledipasvir and
400 mg Sofosbuvir) developed by Gilead Sciences was
approved by the FDA in 2014.
Effectiveness, duration and need for addition of
ribavirin with this medication depend on viral load,
genotype, compensated or decompensated cirrhosis,
treatment naïve or treatment-experienced status, and
pre or post-transplant status.
In ION-1 phase 3 clinical trial, 99% of treatment
naïve patients with chronic hepatitis C genotype 1 who
received Ledispavir-Sofosbuvir combination for 12 wk
[39]
achieved SVR . In ION-2 phase 3 clinical trial, 99%
of patients with previously treated genotype-1 HCV
infection who received Ledispavir-Sofosbuvir combination
[40]
for 24 wk had SVR . Patients with HCV genotype-1
infection and compensated cirrhosis were studied with
Ledispavir-Sofosbuvir combination for 12 and 24 wk in
treatment naïve and treatment experienced patients
[41]
with or without ribavirin . The overall SVR was 96%:
98% in treatment-naïve group vs 95% in treatmentexperienced group, 95% in 12 wk therapy group vs
98% in 24 wk therapy group, 95% without ribavirin vs
97% with ribavirin. The only group who did not do well
was the treatment-experienced group who received
Ledispavir-Sofosbuvir combination for only 12 wk and
[41]
without ribavirin. Their SVR was 90% . As a result, this
combination is recommended to be continued for 24 wk
in treatment-experienced HCV genotype-1 infection with
compensated cirrhosis. Patients with HCV genotype-4
with or without compensated cirrhosis were treated
with Ledispavir-Sofosbuvir combination with or without
ribavirin. Overall SVR12 was 95.4% in non-cirrhotics
[42]
and 93.2% in cirrhotics . Patients with HCV genotype 5
with or without compensated cirrhosis were treated with
Ledspavir-Sofosbuvir for 12 wk in a multi-center openlabel study. The SVR12 was 95% in both treatment-naïve
and treatment-experienced groups; 89% of cirrhotics
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[56]

most treatment resistant genotype affecting 12% of all
HCV genotypes in United States. In Ally-3 trial, a 12 wk
therapy of daclatasvir plus sofosbuvir achieved SVR12 in
96% of non-cirrhotic patients infected with HCV genotype
[48]
3 irrespective of prior treatment experience . In Ally
3+ trial, daclatasvir plus sofosbuvir plus ribavirin were
given to treatment-naïve and treatment-experienced
patients with advanced fibrosis or compensated cirrhosis
for 12 or 16 wk. The SVR12 was 90% in the 12 wk and
[49]
92% in the 16 wk group . In Ally-2 trial, 12 wk course
of daclatasvir plus sofosbuvir achieved SVR12 of 97%
in patients infected with HCV genotype 1 to 4 coinfected
[50]
with HIV . The efficacy of daclatasvir plus sofosbuvir
in cirrhotic patients infected with HCV genotype 1 to 6 is
[51]
being studied in Ally-1 trial .
Common side effects include headache, fatigue,
nausea and diarrhea. Certain drugs are contraindicated
to be used with daclatasvir. These include anticonvulsants
phenytoin, carbamazepine, antimycobacterial agent
rifampin and herbal supplement St. John’s Wort.
Drug-drug interactions: Medications which can cause
significant drug interactions with daclatasvir include
statins, digoxin, dabigatran, ketoconazole, itraconazole,
clarithromycin, nafcillin, dexamethasone, buprenorphine,
modafinil, bosentan, anti-HIV medications - protease
inhibitors: atazanavir with ritonavir, indinavir, nelfi
navir, saquinavir; Non-nucleoside reverse transcriptase
inhibitors: Efavirenz Etravirine Nevirapine; and cobi
cistat-containing antiretroviral: atazanavir/cobicistat,
elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil
[52]
fumarate .
Elbasvir is a potent NS5A inhibitor. It is used in
combination with grazoprevir which is a NS3/4A pro
tease inhibitor. The combination is effective against
HCV genotypes 1 and 4. Elbasvir can be less effective
when there are many resistance- associated variants
[53]
or substitutions (RAVs or RASs) of NS5A . ElbasvirGrazoprevir can be taken in empty stomach or with
food. In C-EDGE trial, treatment-naïve HCV infected
patients had a good response (SVR12) rate to 12 wk
therapy of Elbasvir-Grazoprevir: 92% with genotype
1a, 99% with genotype 1b, 100% with genotype 4 and
80% with genotype 6; 97% in cirrhotics and 94% in
[54]
non-cirrhotics . In C-EDGE TE trial, patients with prior
exposure to pegylated interferon and ribavirin, Elbasvir/
Grazoprevir with or without ribavirin was highly effective
in inducing an SVR12 in patients with HCV genotype 1, 4
[55]
and 6 including patients with cirrhosis .
Velpatasvir is a pangenotypic second generation
NS5A inhibitor and is much more potent with a higher
barrier to resistance than the first generation NS5A
inhibitors (ledispavir and Daclatasvir). It acts as a
defective substrate for NS5A and prevents HCV rep
lication. It is used as a fixed dose co-formulation with
sofosbuvir (Epclusa). In a double blind placebo-controlled
study, sofosbuvir-velpatasvir combination was given
daily for 12 wk to untreated and previously treated
patients with HCV infection genotypes 1-6 including

WJH|www.wjgnet.com

those with compensated cirrhosis. The SVR was 99% .
Another study showed that when sofosbuvir-velpatasvir
combination plus ribavirin were given daily for 12 wk to
decompensated cirrhotics (Child - Pugh - Turcotte class B)
[57]
due to HCV infection genotype 1-6, the SVR was 94% .
Common side effects of Epclusa include headache,
fatigue, insomnia, nausea and diarrhea. If the patient is
HBV/HCV coinfected and not receiving ant-HBV therapy,
administration of Epclusa may cause reactivation of HBV
and fulminant hepatitis during or after treatment with
Epclusa.
Drug-drug interactions: Similar to Harvoni, coadministration of Amiodarone with Epclusa may lead
serious symptomatic bradycardia. Dose alteration or
regimen change may be recommended for certain
medications. These include acid suppressant agents
proton pump inhibitors, H2 receptor blockers, antacids
(aluminum and magnesium hydroxide), HMG Co-A
reductase inhibitors atorvastatin, rosuvastatin, antiarrhythmic drug digoxin, anticonvulsants phenytoin,
phenobarbital, carbamazepine, oxcarbazepine, anti
mycobacterials rifampin, rifabutin, rifapentine, anti-HIV
medications efavirenz, etravirine, nevirapine, tipranavir/
ritonavir, Regimens containing tenofovir DF, anti-cancer
medication topotecan, and herbal supplement St. John’s
[58]
wort .
ed
Pibrentasvir is a 2 generation NS5A inhibitor cofor
mulated with glecaprevir (Mavyret). As mentioned before
glecaprevir/pibrentasvir combination is pangenotypic
and can be used in severe renal failure, including he
modialysis patients.

NS5B inhibitors

They act on the catalytic site of NS5B polymerase.
They cause HCV RNA chain termination after being
incorporated into the RNA chain. Nucleotide NS5B
inhibitors are already activated. They act on the active
site of NS5B polymerase. Non-Nucleoside NS5B in
hibitors need to be activated by cellular kinase 3 times
to become the triphosphate which is the active form.
They act on different allosteric sites (thumb, finger and
[59]
palm domains) to downregulate NS5B polymerase .
Nucleotide NS5B inhibitors are moderately potent DAA
with pangenotypic coverage and have high barrier to
resistance. Non-nucleoside NS5B inhibitors are mo
derately potent DAA with limited genotypic coverage and
low barrier to resistance.
Sofosbuvir is a nucleotide NS5B polymerase inhibi
[60]
tor . It is coformulated with Ledipasvir for the treatment
of hepatitis C genotype 1, 4, 5 and 6 infection. A metaanalysis showed no additional benefit when ribavirin
was added to sofosbuvir/ledipasvir for the treatment
[61]
genotype 1 infection . As mentioned before, sofosbuvir/
daclatasvir combination is effective for the treatment
[62]
of hepatitis C genotypes 1 to 4 . Patients with HCV
genotypes 2 and 3 infections were treated with sofosbuvir
and ribavirin for 12 wk and 24 wk respectively: SVR 12
was 93% for genotype 2 infection, and 85% for genotype
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Table 1 Direct acting anti-viral agents with posology
No.

Trade name

Generic name with doses

1
2
3
4
5
6
7
8
9
10
11

Sovaldi
Olysio
Daklinza
Harvoni
Viekira Pak
Viekira XR
Technivie
Epclusa
Zepatier
Mavyret
Vosevi

Sofosbuvir 400 mg
Simeprevir 150 mg
Daclatasvir 30 mg/60 mg/90 mg
Ledipasvir 90 mg/Sofosbuvir 400 mg
1 d pack contains Paritaprevir 75 mg/Ombitasvir 12.5 mg/Ritonavir 50 mg tablet × 2 and Dasabuvir 250 mg tablet × 2
Extended release tablet contains Dasabuvir 200 mg/ombitasvir 8.33 mg/Paritaprevir 50 mg/Ritonavir 33.33 mg
Ombitasvir 12.5 mg/Paritaprevir 75 mg/Ritonavir 50 mg
Sofosbuvir 400 mg/ Velpatasvir 100 mg
Elbasvir 50 mg/ Grazoprevir 100 mg
Glecaprevir 100 mg/ Pibrentasvir 40 mg
Sofosbuvir 400 mg/Velpatasvir 100 mg/Voxilaprevir 100 mg

3 infection. In non-cirrhoitc HCV genotype 3 infection, the
SVR was 91% whereas in cirrhotic genotype 3 infection,
[63]
the SVR was 68% . Sofosbuvir has been coformulated
with other NS5A inhibitor or NS3/4A protease inhibitor to
make the combination more effective against HCV and
also pangenotypic.
Common side effects of Sofosbuvir include headache,
nausea, insomnia and fatigue. Reactivation of HBV with
fulminant hepatitis can occur if the patient is HBV/HCV
co-infected and not receiving anti-HBV therapy.
Drug-drug interactions: Dose alteration or change
in regimen is recommended for certain medications.
These include anticonvulsants phenytoin, phenobarbital,
carbamazepine, oxcarbazepine, anti-HIV medications
tipranavir/ritonavir, antimycobacterial agents rifampin,
rifabutin, rifapentine, and herbal supplement St. John’s
[64]
Wort .
Dasabuvir is a non-nucleoside NS5B polymerase
inhibitor. It is used in combination with Paritaprevir/
ritonavir-ombitasvir ((in Viekira Pak and Viekira XR)
with or without ribavirin for the treatment of hepatitis
C genotype 1 infection with or without compensated
cirrhosis (Child-Pugh A). It binds to the palm domain
of NS5B, and thus prevents elongation of HCV RNA.
The binding site is poorly conserved across other HCV
genotypes. As a result, Dasabuvir is only effective against
HCV genotype 1 infection. Every year new DAAs are
being added in our clinical practice. Currently, the various
DAAs available in formulation are as follows (Table 1).

Association for the Study of Liver (EASL) in 2016 and
the American Association for the Study of Liver Diseases
(AASLD) and the Infectious Diseases Society of America
[65,66]
(IDSA) in 2017
. Individualized treatments as per the
[66]
AASLD guidelines are listed in Tables 2 and 3.

Genotype 1 infection-treatment-experienced

Glecaprevir/Pibrentasvir (Mavyret): Duration of treatment
depends on previous regimen and presence or absence
of compensated cirrhosis. Elbasvir/Grazoprevir (Zepatier):
duration depends on viral load irrespective of no
cirrhosis or compensated cirrhosis as per EASL guideline.
Ledipasvir/Sofosbuvir (Harvoni): Applicable for both
non-cirrhotics and compensated cirrhotics. Sofosbuvir/
Velpatasvir (Epclusa): treatment is same for both noncirrhotics and compensated cirrhotics. Daclatasvir
(Daklinza) plus Sofosbuvir (Sovaldi): applicable for both
non-cirrhotics and compensated cirrhotics. Paritaprevir/
ritonavir/ombitasvir and dasabuvir (in Viekira Pak and
Viekira XR) with weight-based ribavirin (Tables 3-6).

HCV/HIV Co-infection

Twenty percent to 30% of the 34 million HIV infected
[67]
individuals in the world are co-infected with HCV . HCV/
HIV co-infection carries increased morbidity and mortality
[68]
including advanced hepatic fibrosis and cirrhosis .
HCV/HIV co-infected patients have higher HCV viral
load, more chance of developing chronic HCV infection
and rapid development of advanced liver disease than
HCV mono-infected patients. The main challenge of
treating these group of patients is drug-drug interactions,
i.e., interactions between anti-HCV DAAs and anti[69]
retroviral medications . But the SVR and side effects
[70]
are similar to those of HCV mono-infected patients .
Ideally, HCV/HIV co-infection should be managed by
or in collaboration with a HIV practitioner. No change in
antiretroviral therapy should be done without consultation
of the HIV practitioner. Certain guidelines given by AASLD
[66]
and IDSA are as follows : (1) Ledipasvir/Sofosbuvir
(Harvoni): This combination has certain interactions
with anti-retrovirals mentioned before. As it increases
serum level of tenofovir disoproxil fumerate which may
cause renal toxicity, renal function should be monitored
and tenofovir disoproxil fumerare should be used with

Individualized treatment options

In 2018, we treat hepatitis C with combination of at least
two DAAs or one DAA with ribavirin. Several factors are
to be considered before planning treatment for hepatitis C.
These include HCV genotype, HCV viral load, treatmentnaïve or treatment-experienced (PEG/RIBA, NS3/4A
protease inhibitor, NS5A inhibitor, NS5B inhibitor) patient,
cirrhotic or non-cirrhotic patient, absence or presence of
baseline NS5A resistance-associated substitutions (RASs),
patient’s current medications considering any drug-drug
interactions (DDI), patient’s renal function, co-infection
with HIV, post-liver transplant infection, and of course,
patient’s insurance and financial status. Guidelines for the
treatment of hepatitis C was updated by the European
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Table 2 Genotype 1a and 1b infection - treatment-naïve (with compensated cirrhosis) and non-cirrhotic
No.

First line therapy

Alternative regimen

Genotype 1a infection - treatment-naïve and non-cirrhotic
1
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
2
3

4

Elbasvir/Grazoprevir (Zepatier) for patients without baseline NS5A RAVs for
Elbasvir - 12 wk
Ledipasvir/Sofosbuvir (Harvoni) - 12 wk < Ledipasvir/Sofosbuvir (Harvoni) - 8
wk in non-black, HIV-uninfected individuals with serum HCV RNA < 6 million
units/mL
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk

Genotype 1a infection - treatment-naïve with compensated cirrhosis
1
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk

Paritaprevir/ritonavir/ombitasvir and dasabuvir (in Viekira
Pak and Viekira XR) with weight-based ribavirin - 12 wk
Simeprevir (Olysio) plus Sofosbuvir (Sovaldi) - 12 wk
Daclatasvir(Daklinza) plus Sofosbuvir (Sovaldi) - 12 wk

Elbasvir/Grazoprevir (Zepatier) with weight-based ribavirin
for patients with baseline NS5A RAVs for Elbasvir - 16 wk
Elbasvir/Grazoprevir (Zepatier) with weight-based ribavirin
for patients with baseline NS5A RASs for Elbasvir - 16 wk

2

Elbasvir/Grazoprevir (Zepatier) for patients without baseline NS5A RAVs for
Elbasvir - 12 wk
3
Ledipasvir/Sofosbuvir (Harvoni) - 12 wk
4
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Genotype 1b infection - treatment-naïve and non-cirrhotic
1
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
2

Elbasvir/Grazoprevir (Zepatier) - 12 wk

3

Ledipasvir/Sofosbuvir (Harvoni) - 12 wk < Ledipasvir/Sofosbuvir (Harvoni - 8
wk in non-black, HIV-uninfected individuals with serum HCV RNA < 6 million
units/mL
4
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Genotype 1b infection - treatment-naïve with compensated cirrhosis
1
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
2
3
4

Paritaprevir/ritonavir/ombitasvir and dasabuvir (in Viekira
Pak and Viekira XR) - 12 wk
Simeprevir (Olysio) plus Sofosbuvir (Sovaldi) - 12 wk
Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) - 12 wk

Paritaprevir/ritonavir/ombitasvir and dasabuvir (in Viekira
Pak and Viekira XR) - 12 wk

Elbasvir/Grazoprevir (Zepatier - 12 wk
Ledipasvir/Sofosbuvir (Harvoni) - 12 wk
Sofosbuvir/Velpatasvir (Epclusa - 12 wk

RAVs: Resistance- associated variants; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus.

Table 3 Genotype 1 infection-treatment-experienced
Glecaprevir/Pibrentasvir (Mavyret): Duration of treatment depends on previous regimen and presence or absence of compensated cirrhosis.
Previous regimen
No cirrhosis
Compensated cirrhosis
Pegylated IFN, ribavirin and/or Sofosbuvir but no
8 wk
12 wk
prior exposure to NS3/4A PI or NS5A inhibitor
NS3/4A PI but no prior exposure to NS5A inhibitor
12 wk
12 wk
NS5A inhibitor but no prior exposure to NS3/4A PI
16 wk
16 wk
Elbasvir/Grazoprevir (Zepatier): Duration depends on viral load irrespective of no cirrhosis or compensated cirrhosis as per EASL guideline.
Previous regimen
HCV RNA ≤ 800000 IU/mL
HCV RNA > 800000 IU/mL
Pegylated IFN and ribavirin
12 wk without ribavirin
16 wk with ribavirin
Ledipasvir/Sofosbuvir (Harvoni): Applicable for both non-cirrhotics andcompensated cirrhotics.
Previous regimen
With ribavirin
Without ribavirin
PEG IFN and ribavirin
12 wk
24 wk
Sofosbuvir/Velpatasvir (Epclusa): Treatment is same for both non-cirrhotics and compensated cirrhotics.
Previous regimen
No cirrhosis
Compensated cirrhosis
PEG IFN and ribavirin
12 wk without ribavirin
12 wk without ribavirin
Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi): Applicable for both non-cirrhotics and compensated cirrhotics.
Previous regimen
With ribavirin
Without ribavirin
PEG IFN and ribavirin
12 wk
24 wk
Paritaprevir/ritonavir/ombitasvir and dasabuvir (in Viekira Pak and Viekira XR) with weight-based ribavirin.
Previous regimen
No cirrhosis
Compensated cirrhosis
PEG IFN and ribavirin
12 wk
24 wk
IFN: Interferon; PI; Protease inhibitors; HCV: Hepatitis C virus.

GFR > 60 mL/min. Tenofovir alafenamide could be an
alternative option; (2) Paritaprevir/ritonavir/ombitasvir
and dasabuvir (in Viekira Pak and Viekira XR): The
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anti-HIV medications which do not have substantial
interaction with Vikira Pak and Viekira XR include
atazanavir, dolutegravir, emtricitabine, enfuvirtide,
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Table 4 Genotype 2-4 infection - treatment-naïve (with compensated cirrhosis) and non-cirrhotic
No.

First line therapy

Alternative regimen

Genotype 2 infection - treatment-naïve and non-cirrhotic
1
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
Daclatasvir(Daklinza) plus Sofosbuvir (Sovaldi) - 12 wk
2
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Genotype 2 infection - treatment-naïve with compensated cirrhosis
1
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
Daclatasvir(Daklinza) plus Sofosbuvir (Sovaldi) - 16 to 24 wk
2
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Genotype 3 infection - treatment-naïve and non- cirrhotic
1
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) - 12 wk
2
Sofosbuvir/Velpatasvir (Epclusa - 12 wk
Genotype 3 infection - treatment-naïve with compensated cirrhosis
1
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
Vosevi - Sofosbuvir 400 mg/ Velpatasvir 100 mg/ Voxilaprevir 100 mg when Y93 is
present - 12 wk
2
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) with or without weight-based
ribavirin - 24 wk
Genotype 4 infection - treatment-naïve and non-cirrhotic
1
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
Ombitasvir 25 mg/Paritaprevir 150 mg/ Ritonavir 100 mg (Technivie) with weightbased ribavirin - 12 wk
2
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
3
Elbasvir/Grazoprevir (Zepatier) - 12 wk
4
Ledipasvir/Sofosbuvir (Harvoni) - 12 wk
Genotype 4 infection - treatment-naïve with compensated cirrhosis
1
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Ombitasvir 25 mg/Paritaprevir 150 mg/ Ritonavir 100 mg (Technivie) with weightbased ribavirin - 12 wk
2
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
3
Elbasvir/Grazoprevir (Zepatier) - 12 wk
4
Ledipasvir/Sofosbuvir (Harvoni) - 12 wk

Table 5 Genotype 5 or 6 infection - treatment-naïve with and without compensated cirrhosis
No.
1
2
3

DAA

No cirrhosis

Compensated cirrhosis

Glecaprevir/Pibrentasvir (Mavyret)
Sofosbuvir/Velpatasvir (Epclusa)
Ledipasvir/Sofosbuvir (Harvoni)

8 wk
12 wk
12 wk

12 wk
12 wk
12 wk

DAA: Direct acting anti-viral agent.

lamivudine, raltegravir, and tenofovir; (3) Sofosbuvir/
Velpatasvir (Epclusa): Can have drug-drug interactions
with anti-retrovirals mentioned before. As velpatasvir can
increase the serum level of tenofovir disoproxil fumerate,
renal function should be checked and tenofovir disoproxil
fumerate should not be used with a GFR of less than 60
mL/min. Tenofovir alafenamide could be used instead; (4)
Elbasvir/Grazoprevir (Zepatier): Certain antiretrovirals do
not have significant drug-drug interactions with elbasvir/
grazoprevir combinations. These include tenofovir,
lamivudine, emtricitabine, abacavir, dolutegravir,
raltegravir, rilpivirine, and enfuvirtide; (5) Glecaprevir/
Pibrentasvir (Mavyret): The anti-retrovirals which
do not have significant drug-drug interactions with
Glecaprevir/Pibrentasvir include lamivudine, tenofovir,
emtricitabine, abacavir, dolutegravir, raltegravir, rilpivirine,
and enfuvirtide; (6) Sofosbuvir/Velpatasvir/Voxilaprevir
(Vosevi): Has some drug-drug interactions with certain
anti-retrovirals mentioned before. But some of the antiretrovirals do not have significant interactions with
this combination (Vosevi). These include lamivudine,
emtricitabine, dolutegravir, enfuvirtide, raltegravir
and rilpivirine; (7) Simeprevir (used in combination
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with another DAA): Does not have significant drugdrug interactions with certain anti-retrovirals which
include lamivudine, tenofovir, emtricitabine, abacavir,
dolutegravir, raltegravir, rilpivirine, enfuvirtide and
maraviroc; and (8) Daclatasvir (used in combination with
another DAA): Has significant drug-drug interactions with
certain anti-retrovirals mentioned before. Certain dose
adjustment include: cobicistat/atazanavir (decrease dose
to 30 mg/d), cobicistat/elvitegravir (decrease dose to 30
mg/d), ritonavir/atazanavir (decrease dose to 30 mg/d),
and efavirenz or etravirine (increase dose to 90 mg/d).

HCV infection in post-liver transplant patients

Recurrence of hepatitis C infection following liver
transplantation is universal in all patients with pretransplantation viremia. The course varies from asymp
[71]
tomatic infection to fibrosing cholestatic hepatitis .
About one third of post-transplant HCV-infected pa
tients develop allograft cirrhosis 5 to 7 years after
[72]
transplantation . As per AASLD and IDSA guidelines
published on September 21, 2017 the various treatment
[66]
options are list in Table 7 .
There are drug-drug interactions between DAA and
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Table 6 Genotype 2-6 infection - treatment-experienced

Genotype 2 infection - treatment-experienced
Pegylated IFN/ribavirin-experienced without
cirrhosis
Pegylated IFN/ribavirin-experienced with
compensated cirrhosis
Sofosbuvir plus ribavirin-experienced with or
without compensated cirrhosis
Genotype 3 infection - treatment-experienced
Pegylated IFN/ ribavirin-experienced without
cirrhosis
Pegylated IFN/ ribavirin-experienced with
compensated cirrhosis

DAA-experienced including NS5A inhibitors
with or without compensated cirrhosis

Genotype 4 infection - treatment-experienced
Pegylated IFN/ ribavirin-experienced without
cirrhosis

Pegylated IFN/ ribavirin-experienced with
compensated cirrhosis

First line therapy

Alternative regimen

Glecaprevir/Pibrentasvir (Mavyret) - 8 wk or
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk or
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk or
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk

Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) - 12
wk
Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) - 16
to 24 wk

Sofosbuvir/Velpatasvir (Epclusa) - 12 wk

Daclatasvir (Daklinza) plus Sofosbuvir (Sovaldi) - 12
wk or Glecaprevir/Pibrentasvir (Mavyret) - 16 wk
or Sofosbuvir/Velpatasvir/Voxilaprevir - 12 wk
Elbasvir/Grazoprevir (Zepatier) - 12 wk or
Sofosbuvir/Velpatasvir (Epclusa) plus weightSofosbuvir/Velpatasvir/Voxilaprevir (Vosevi) based ribavirin - 12 wk or Glecaprevir/Pibrentasvir
-12 wk
(Mavyret) - 16 wk
Sofosbuvir/Velpatasvir/Voxilaprevir (Vosevi)
- 12 wk or in case of NS5A inhibitor failure and
cirrhosis - Vosevi plus weight-based Ribavirin 12 wk
Sofosbuvir/Velpatasvir (Epclusa) -12 wk or
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk or
Elbasvir/Grazoprevir (Zepatier) in virologic
relapse - 12 wk or Ledipasvir/Sofosbuvir
(Harvoni) - 12 wk
Sofosbuvir/Velpatasvir (Epclusa) - 12 wk or
Elbasvir/Grazoprevir (Zepatier) in virologic
relapse - 12 wk or Glecaprevir/Pibrentasvir
(Mavyret) - 12 wk

Ombitasvir 25 mg/Paritaprevir 150 mg/Ritonavir
100 mg plus weight based Ribavirin - 12 wk or
Elbasvir/Grazoprevir (Zepatier) with weight-based
Ribavirin (in case of prior on-treatment virologic
failure) - 16 wk
Ombitasvir 25 mg/Paritaprevir 150 mg/ Ritonavir
100 mg plus weight based Ribavirin - 12 wk or
Elbasvir/Grazoprevir (Zepatier) with weight-based
Ribavirin (in case of prior on-treatment virologic
failure - 16 wk or Ledipasvir/Sofosbuvir (Harvoni)
plus weight-based Ribavirin) - 12 wk

DAA-experienced including NS5A inhibitors
Sofosbuvir/Velpatasvir/Voxilaprevir (Vosevi) with or without compensated cirrhosis
12 wk
Genotype 5 or 6 infection - treatment-experienced (recommended regimen)
Pegylated IFN/ ribavirin-experienced with or
Glecaprevir/Pibrentasvir (Mavyret) - 8 wk
without compensated cirrhosis
for patients without cirrhosis and 12 wk
for patients with compensated cirrhosis
or Ledipasvir/Sofosbuvir (Harvoni) plus
weight-based Ribavirin - 12 wk or Sofosbuvir/
Velpatasvir (Epclusa) - 12 wk
DAA-experienced including NS5A inhibitors
Sofosbuvir/Velpatasvir/ Voxilaprevir (Vosevi)
with or without compensated cirrhosis
- 12 wk
IFN: Interferon; DAA: Direct acting anti-viral agent.

calcineurin inhibitors: cyclosporine A and Tacrolimus.
When Sofosbuvir is used with cyclosporine A, serum level
of sofosbuvir is increased by 4.5 fold but GS -331007
metabolite remains unchanged. So no dose adjustment
[73]
is required . Sofosbuvir has no drug interaction with
[74]
Tacrolimus . When Paritaprevir/ritonavir/ombitasvir
and dasabuvir- (PrOD) in Viekira Pak and Viekira XR
are used with cyclosporine A, there is 5.8 fold increased
th
serum level of cyclosporine A suggesting use of 1/5 of
dose of cyclosporine A and requirement of monitoring
of serum level of cyclosporine A. When PrOD are used
with tacrolimus, there is 57 fold increase in tacrolimus
level in the blood, suggesting use of 0.5 mg of tacrolimus
once a week, and monitoring of tacrolimus level in
[75]
the blood . When elbasvir/grazoprevir combination
is used with cyclosporine A, there is 15 fold increases
in grazoprevir level in the blood. As a result, this
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combination is not recommended to be used. When
elbasvir/grazoprevir are used with tacrolimus, there is
43% increase in tacrolimus level, and although no prior
dose adjustment is required, frequent monitoring of
tacrolimus level, tacrolimus-associated side effects and
[76]
renal function should be done . When glecaprevir/
pibrentasvir is used with higher dose (400 mg) of
cyclosporine A, there is 5 fold increase in glecaprevir
level in the blood. This combination is not recommended
in patients requiring more than 100 mg of cyclosporine
[77]
A . When glecaprevir/pibrentasvir combination is used
with tacrolimus, there is 1.45 fold increase in tacrolimus
level suggesting no prior dose adjustment but tacrolimus
level should be monitored. When sofosbuvir/velpatasvir/
voxilaprevir combination is used with cyclosporine A,
there is 9.4 fold increase in voxilaprevir. This combination
[78]
is not recommended .
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Table 7 Recommended and alternative therapy
Genotype

Treatment-naïve and - experienced patients
with HCV infection in the allograft without
cirrhosis

Treatment-naïve and - experienced patients
with HCV infection in the allograft with
compensated cirrhosis

Treatment-naïve and - experienced patients
with HCV infection in the allograft with
decompensated cirrhosis

Recommended therapy
1, 4, 5 or 6 Glecaprevir/Pibrentasvir (Mavyret) - 12 wk or
Ledipasvir/Sofosbuvir (Harvoni) for 12 wk

Ledipasvir/Sofosbuvir (Harvoni) with
Ledipasvir/Sofosbuvir (Harvoni) with initial
weight-based ribavirin
low dose of ribavirin (600 mg), increase the
- 12 wk
dose as tolerated - 12 wk
2 or 3
Glecaprevir/Pibrentasvir (Mavyret) - 12 wk
Daclatasvir (Daklinza) plus Sofosbuvir
Daclatasvir (Daklinza) plus Sofosbuvir
or Daclatasvir (Daklinza) plus Sofosbuvir
(Sovaldi) with initial low dose of ribavirin (600 (Sovaldi) with initial low dose of ribavirin
(Sovaldi) with initial low dose of ribavirin (600 mg), increase the dose as tolerated - 12 wk (600 mg), increase the dose as tolerated for 12
mg), increase the dose as tolerated for 12 wk
wk or Sofosbuvir/Velpatasvir (Epclusa) with
weight-based ribavirin - 12 wk
Alternative therapy
1, 4, 5 or 6
Daclatasvir (Daklinza) plus Sofosbuvir
Daclatasvir (Daklinza) plus Sofosbuvir
(Sovaldi) with initial low dose of ribavirin
(Sovaldi) with initial low dose of ribavirin
(600 mg), increase the dose as tolerated for
(600 mg), increase the dose as tolerated for
12 wk or HCV genotype 1 or 4 infection only: 12 wk or HCV genotype 1 or 4 infection only:
Simeprevir (Olysio) plus Sofosbuvir (Sovaldi) Simeprevir (Olysio) plus Sofosbuvir (Sovaldi)
with or without weight-based ribavirin
with or without weight-based ribavirin
2 or 3
Glecaprevir/Pibrentasvir (Mavyret) for 12
wk or Sofosbuvir/Velpatasvir (Epclusa) with
weight-based ribavirin for 12 wk
HCV: Hepatitis C virus.

DAA and hepatocellular carcinoma

[83]

RASs extremely difficult .
AASLD and IDSA recommend testing for NS5A RASs
[82]
if DAAs containing NS5A inhibitors fail . Testing for
baseline NS5A RASs is recommended in patients infected
with HCV genotype 1a prior to initiation of elbasvir and
[84]
grazoprevir therapy . Baseline NS5A RASs testing
should also be considered in patients with cirrhosis of
liver due to HCV genotype 1a infection prior to sofosbuvir
[85]
plus daclatasvir therapy . NS5A RASs testing should
be considered in certain situations: (1) treatment-naïve
HCV genotype 3 infection with compensated cirrhosis
of liver prior to treatment with either Sofosbuvir/
Velpatasvir (Epclusa) for 12 wk or Daclatasvir (Daklinza)
plus Sofosbuvir (Sovaldi) for 24 wk; (2) treatmentexperienced HCV genotype 3 infection without cirrhosis
prior to treatment with Daclatasvir(Daklinza) plus
Sofosbuvir (Sovaldi) for 12 wk; and (3) treatmentexperienced HCV genotype 3 infection with or without
cirrhosis prior to treatment with Sofosbuvir/Velpatasvir
(Epclusa) for 12 wk. If Y93H is found, weight-based
[82]
ribavirin should be added . DAA failure has been
associated with certain predisposing factors like presence
of RASs, sofosbuvir/ribavirin treatment, HCV genotype 3,
[81,86]
and cirrhosis of liver
.

[79]

Concern emerged after the study done by Reig et al
in 2016 showing higher rate of hepatocellular carcinoma
(HCC) recurrence after DAA treatment in patients with
prior HCC. Subsequently few studies were done to
evaluate this finding. Large VA cohort study did not find
[80]
any increased risk of developing HCC after DAA therapy .
Fortunately, the concern has lost its importance. But all
cirrhotic patients should be under surveillance for HCC
after DAA therapy.

DAA failure

DAA failure or relapse has occurred in less than 10% of
HCV infected patients in clinical trials. In a multicenter
real life study, the overall failure rate was found to
[81]
be 3.6% . As mentioned before, HCV exists as a
quasispecies with production of various genetically
distinct variants due to replication errors. Due to this
high mutation rate of HCV genome, changes in the
critical coding regions may occur making the virus less
susceptible to anti-HCV therapy. Viral variants containing
polymorphisms or substitutions resistant to DAA are
also called baseline resistant-associated substitutions
(RASs) and they exist in a small percentage of patients
with chronic HCV infection prior to anti-HCV therapy.
Sometimes RASs develop after initiation of DAA therapy
when they are called treatment-emergent or treatmentselected RASs. Subtherapeutic DAA level may predispose
to the development of RASs. NS5A and NS3 RASs are
frequently seen in cases of failure of DAA containing
[82]
NS5A or NS3 inhibitor . On the other hand, there is
rare development of NS5B RASs even after exposure to
a failed DAA therapy containing. NS5B inhibitor, possibly
due to binding of NS5B inhibitor to the highly conserved
catalytic site of the viral genome making generation of
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CONCLUSION
DAAs have changed the treatment plan and outcome of
chronic hepatitis C infection in this pegylated interferion
free era. There are various DAAs available in the market
and these include second generation NS3/4A protease
inhibitors, NS5A and NS5B inhibitors. AASLD, IDSA and
EASL recommend combination of DAAs with or without
ribavirin. As the success rate is high, side effects are
low, drug-drug interactions are less, and duration of
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therapy is relatively short, more and more patients are
getting treatment for the cure of hepatitis C infection.
Some DAAs require preliminary testing to find out
the effectiveness of that particular DAA, for example
Q80K polymorphism in case of Simeprevir, and NS5A
resistance testing in case of elabasvir. HBV co-infection
testing should be done prior to initiation of any DAA
therapy to prevent fulminant hepatitis and liver failure.
Drug-drug interaction, and specific conditions like HCV/
HIV co-infection and HCV infection in post-liver transplant
patients should considered before initiating any treatment
plan. Although DAA can eradicate HCV infection, it
does not decrease the chance of developing HCC in
cirrhotic patients. So they should be under regular HCC
surveillance. The next challenge will be the development
of HCV vaccine to reduce the incidence of HCV infection
in the world.
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Nutritional support in chronic liver disease and cirrhotics
Ravi Shergill, Wajahat Syed, Syed Ali Rizvi, Ikjot Singh
in maintaining an appropriate nutritional status in
healthy individuals through metabolism of protein,
carbohydrates, and fat. In individuals with chronic liver
disease (CLD), along with a number of other essen
tial functions that the liver serves, its role in nutrition
maintenance is severely impaired. Common causes of
CLD include hepatitis C, alcoholic liver disease, and
non-alcoholic liver disease. Amongst this population,
the most common manifestation of impaired nutritional
maintenance is protein-calorie malnutrition. Aside from
inherent abnormalities in metabolism, such as malab
sorption and maldigestion, CLD can be associated with
anorexia as well as increased metabolic requirements,
all of which contribute to a state of malnutrition. Given
the systemic implications and impact on prognosis of
malnutrition, proper nutritional assessment is essential
and can be achieved through a thorough history and
physical, as well as biochemical investigations and
anthropometry as needed. Following an appropriate
assessment of a patient’s nutritional status, an approach
to management can be decided upon and is based
on the extent of malnutrition which directly reflects
the severity of disease. Management options can be
grossly separated into enteral and parenteral nutrition.
The former is usually sufficient in the form of oral
supplements in less severe cases of malnutrition, but
as the CLD worsens, parenteral nutrition becomes
necessary. With appropriate assessment and early
intervention, many of the complications of CLD can
be avoided, and ultimately better outcomes can be
achieved.
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Abstract

Core tip: This paper highlights the most recent evi
dence in the clinical approach to dealing with nutrition
in patients with chronic liver disease and cirrhotics.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

The liver is a major organ and an essential component
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to extensive body wasting as well as other related
sequelae. Micronutrient deficiencies are also present
in patients with CLD, albeit with a more subtle
presentation than PCM. In the context of cirrhosis,
patients with associated malnutrition have higher
rates of hepatic encephalopathy, infection, ascites and
[6]
variceal bleeding . Multiple studies have documented
increased complications and overall length of hospital
[7]
stay in malnourished patients . It is no question
that malnutrition complicates patient management
significantly, leading to increased rates of morbidity
and mortality in CLD patients.

We will review the pathophysiology of liver disease,
etiology, and management of nutrition.
Shergill R, Syed W, Rizvi SA, Singh I. Nutritional support in
chronic liver disease and cirrhotics. World J Hepatol 2018;
10(10): 685-694 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v10/i10/685.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.i10.685

INTRODUCTION
The liver is a major organ involved in maintaining
appropriate nutritional status. Its role includes meta
bolism of protein, carbohydrates and fat, which are
essential sources of nutrition for the body. Accordingly,
patients who suffer from chronic liver disease (CLD)
often experience debilitating and severe malnutrition
that both reflects the severity of the disease, and
thereby disease prognosis, but is also an independent
[1,2]
predictor of mortality
. Malnutrition in CLD is a
function of multiple factors including, but not limited
to, impaired absorption and/or digestion, increased
metabolic requirements, as well as anorexia and overall
decreased oral intake. The permanent functional
deficits in cirrhosis result in nutritional deficiencies
with systemic impacts, and coupled with the several
mechanisms by which these nutritional deficiencies
are realized, approaches to management and support
[3]
are increasingly complicated . Given the prognostic
implications of nutritional status in patients with CLD,
further insight into the assessment and therapy of
these patients is essential to appropriate management.
This literature review aims to summarize a general
approach to nutritional support in patients with CLD,
including exploring etiology, clinical assessment and
key investigations, as well as management.

MALNUTRITION
Dietary intake

The underlying cause of malnutrition in patients
with CLD and cirrhosis is multifactorial, and is typi
cally related to a loss of appetite, malabsorption
and increased metabolic requirements. Low dietary
intake is commonly found among cirrhotic patients.
[8]
Davidson et al describes the hepatic role in appetite
regulation through clearance of chemical mediators
like cholecystokinin, which contributes to feelings
of satiety. The liver also contributes to splanchnic
production of cytokines that reduce the hypothalamicmediated drive for appetite. Furthermore, considering
that ascites is a common complication of CLD, the
mechanical compression may possibly lead to a
premature feeling of fullness. In addition to a low
overall dietary intake, there is an alteration in the
pattern of fuel consumption in the body. There is a
higher rate of fat oxidation in the fasting state of CLD
patients. During an overnight fast, a research study
showed that 58% of energy came from fat oxidation
in cirrhotics, whereas healthy controls derived 55% of
[9]
their energy from carbohydrates . This may reflect
the low hepatic glycogen stores found in patients
with cirrhosis. Additionally, in a study by Nielsen et
[10]
al , they demonstrated that body size in cirrhotic
patients increased during refeeding therapy. This
indicates that the volume of dietary intake was in fact
a contributing factor to the decline in body mass and
overall malnutrition in CLD patients.

ETIOLOGY AND PREVALENCE
CLD involves a process of continuous inflammation
and regeneration that eventually results in permanent
fibrosis and cirrhosis. The most common cause of
[4]
this condition is hepatitis C virus infection . Other
common causes include alcoholic liver disease, nonalcoholic fatty liver disease (NAFLD) and hepatitis
B virus infection. Although it is difficult to assess,
experts estimate that over 844 million people world
wide have CLD, and this associated with a mortality
rate of approximately 2 million deaths per year. Of
those affected by CLD, approximately 20% with
compensated cirrhosis and 65%-95% with decom
pensated cirrhosis have protein-calorie malnutrition
[5]
(PCM) . PCM is a condition involving cachexia due
to nutritional deficiencies in calories and protein.
This decline in essential macronutrients can lead
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Malabsorption

Malabsorption is also an important consideration in
patients who present with malnutrition in the setting
of CLD. Liver disease that leads to a decline in the
[11]
bile-salt pool can contribute to fat malabsorption .
This is commonly found in patients who suffer from
comorbid biliary and pancreatic disease, as there is
a decrease in fat and fat-soluble vitamin absorption.
The extent of malabsorption in CLD patients without
related cholestatic disease is currently a topic of
controversy. Some studies claim that regardless of
etiology, CLD patients experience bacterial overgrowth
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from small bowel hypomotility and portal hypertension
[12]
that can contribute to malabsorption . While others
have found that neither fat nor protein are noticeably
malabsorbed unless there is co-existing biliary or
pancreatic disease.

Additionally, the severity of liver disease should be
assessed through various clinical tools like the ChildPugh score or Model for End-Stage Liver Disease
[15]
(MELD) score . The clinical suspicion and onset of
malnourishment is directly related to the extent of liver
disease in patients.

Energy requirements

Physical examination

Whether or not increased metabolic requirements
contribute to malnutrition in CLD is considered un
certain, with varying levels of evidence to support this
[13]
claim. Müller et al
found that the average resting
energy expenditure (REE) in a study of 473 cirrhotic
patients was found to be normal. However, 34% of
patients had an increased REE of over 120% of the
[13]
expected value . Various causes for hypermetabolism
in CLD have been proposed, including infection,
ascites and portal hypertension. The link between
energy expenditure and malnutrition in cirrhotics
remains unclear and further research on this topic is
required. In addition to metabolic changes, the overall
protein requirement is also increased in patients with
[14]
CLD. Druml et al
credits this to a decrease in the
production of protein, and an increase in the rate of
protein degradation. Low glycogen reserves in the liver
trigger increased rates of gluconeogenesis from amino
acids, which are derived from protein breakdown. These
elevated protein requirements in cirrhotic patients can
contribute to a state of malnourishment.

An appropriate physical examination is a critical
component of an effective nutritional status assess
ment. Macronutrient and micronutrient deficiencies
can have a variety of unique physical manifestations.
Common examples include pallor in iron deficiency,
dermatitis in vitamin A deficiency, bruising in vitamin
[16]
K or C deficiency and many more . Of particular
importance is being able to recognize and assess
sarcopenia, which is the generative loss of skeletal
muscle mass. Sarcopenia is the most common compli
cation of cirrhosis and so will often be the initial or only
presentation of someone with malnutrition secondary
[17]
to CLD . One of most notable and effective measures
of nutritional assessment in clinical practice is known
as the subjective global assessment (SGA). The SGA
is a standardized array of questions and physical
exam findings that are collectively scored to provide
[18]
a comprehensive rating of nutritional status . In
the medical history component, patients are asked a
variety of questions about weight changes, dietary
intake, associated symptoms, and functional capability.
The physical examination includes an assessment of
muscle wasting, peripheral edema, ascites, and fat
loss. They are then graded with a letter score: Grade A
- well nourished, Grade B - Moderately malnourished,
Grade C - Severely malnourished. The SGA has been
found to serve as a good prognostic indicator in
[19]
post-liver transplant and chronic dialysis patients .
Unfortunately, the SGA is a subjective assessment
and it has been found to underestimate the severity
of malnutrition in cirrhotic patients compared to the
[20]
handgrip strength (HG) tool . However, despite being
a subjective assessment, there is an 80% inter-rater
[19]
reproducibility of SGA results . A variation of the
SGA includes Royal Free Hospital Global Assessment
(RFHGA) tool. This assessment tool adds anthropometric
measurements and incorporates gender differences
[3]
into its final rating of nutritional status .

NUTRITIONAL ASSESSMENT (PHYSICAL
EXAM AND SERUM MARKERS)
Considering that PCM and micronutrient deficiencies
have major prognostic implications in patients with
CLD, it is essential to effectively and regularly assess
nutritional status. Clinicians should consider and analyze
multiple factors in order to make a comprehensive nu
tritional assessment. This typically includes a medical
history, extensive physical examination, laboratory
data and more.

History

A thorough medical history can offer significant insight
as a preliminary assessment of nutritional status.
Discussing the patient’s eating behaviors and dietary
intake through 24-h recall can help the clinician
identify possible sources of malnutrition. Recent
weight loss is also important to review, as it can point
towards the severity of nutritional deficit. This can be
complicated in cases of decompensated cirrhosis, as
water retention and ascites can lead to inappropriate
increases in weight. It is also imperative to identify
comorbidities, as they can indirectly impact nutritional
status. For example, underlying nausea, vomiting, or
anorexia can decrease dietary intake and contribute
to malnourishment irrespective of the underlying CLD.
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Serum markers

In addition to an appropriate history and physical,
there are various laboratory markers that help eva
luate the nutritional status of a patient. Currently,
various plasma proteins, vitamin levels, and creatinine
are considered useful for nutritional assessment.
Albumin, pre-albumin, and occasionally transferrin
are major plasma proteins that are included in bio
chemical investigations. Prealbumin, also known as
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transthyretin, is a hepatic protein that has been found
to correlate well with the body protein status. With a
half-life of approximately 2 d, its serum concentration
closely reflects recent dietary intake. Production
is measurably decreased roughly 14 d following
insufficient dietary protein intake, which is less than
[21]
[22]
60% of the required amount . Devoto et al
found
that prealbumin levels correlated well with the Detailed
Nutritional Assessment (DNA) tool, which was used as a
reference standard for detecting PCM. They concluded
that prealbumin is a good screening tool for protein
malnutrition. Furthermore, low prealbumin levels as a
nutritional marker have been shown to correlate with
[21]
higher rates of complications and mortality . In an
independent study of dialysis patients, prealbumin
was found to be the best nutritional predictor of
survival in comparison to serum albumin, cholesterol
[23]
and creatinine . A serum level less than 15 mg/dL
[21]
denotes concern for malnutrition . Limitations to the
use of prealbumin include inappropriate fluctuations
after an alcoholic binge, prednisone use, or active
[24]
infection and inflammation .
In addition to prealbumin, serum albumin was
historically considered a good nutritional marker for
protein status. However, recent studies have placed
significant doubt on this claim and reported no sig
nificant link between albumin levels and nutritional
[25]
status . In malnourished patients, albumin levels
were effectively maintained despite the clinical presence
of severe PCM. Furthermore, albumin has a halflife of 20 d, making it a particularly slow tool for use
[25]
in tracking clinical improvement or decline . The
serum concentration is also heavily impacted by active
inflammation, where hepatic protein synthesis is
reduced in order to prioritize the production of acute
[26]
phase reactants . Several studies have therefore
recommended against the use of albumin for nutri
tional assessment, claiming that it does not serve as a
marker for PCM. Similar to albumin, transferrin is also
major hepatic protein that was historically measured
to assess nutritional status. Transferrin functions as
a transport protein for iron. Its use as a marker for
protein status is limited because of the large number
[27]
of factors that influence serum levels .
Finally, another major serum marker that has
historically been used as a measure of protein status
includes creatinine. Researchers hypothesized that
urinary creatinine can be used as a serum indicator
because it is almost entirely derived from processes
in muscle tissue. A creatinine-height index (CHI) was
[28]
developed as a method of assessing protein status .
However, this tool requires 24-h urine measurements
and this can serve as a limitation to clinical application.
Nevertheless, studies have shown that CHI as a nu
tritional marker serves as a better prognostic indicator
than total body protein and serum albumin.
In terms of micronutrient malnutrition, serum
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Figure 1 Position for mid-arm muscle circumference measurement[49].

measurements of various vitamins and minerals can
serve as a rough measure of total body stores. The
specific micronutrients that warrant clinical attention
can depend on the etiology of cirrhosis. For example,
alcoholic liver cirrhosis is often associated with a
thiamine deficiency and cholestatic liver disease can
include deficiencies in fat-soluble vitamins.

Anthropometry

The mainstay of nutritional assessment almost
always involves a history, physical and biochemical
investigation. However, patients with a more com
plicated picture of malnutrition can undergo anthro
pometric ancillary tests to better characterize their
nutritional status. One of the simplest methods of
anthropometric assessment includes the body mass
index (BMI). BMI evaluates patient height and weight
to determine if they are underweight, normal, or
overweight. However, the use of BMI in liver disease
is very limited as patients often have volume overload
complications, which can lead to an overestimation
[29]
of nutritional status . An anthropometric test that
is less affected by fluid status is known as mid-arm
muscle circumference (MAMC). MAMC can be used as
a measurement of lean tissue levels and muscle bulk
(Figure 1). Multiple studies have demonstrated that
MAMC correlates well with various other markers in
[18]
estimating muscle mass . Specifically, it has been
shown to correlate well with body cell mass (BCM)
measurement, which is a proven marker for PCM in
CLD patients. There is also prognostic value to MAMC
measurements, as it is associated with mortality risk
[1]
in CLD patients . In addition to MAMC, triceps skinfold
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Miscellaneous

Less commonly used tests for nutritional status assess
ment include a DEXA scan, bioelectrical impedance
analysis, and in vivo neutron activation analysis (IVNAA).
These tests are rarely used, primarily due to their limited
[30]
availability and high cost . DEXA scans can accurately
assess the fat mass in CLD patients. Sarcopenia is
the most common complication of cirrhosis and DEXA
scans can also be used to assess skeletal muscle
[31]
mass . Additionally, CT and MRI scans can be used
to measure the extent of sarcopenia as they both can
determine muscle cross-sectional area. These two tests
are not used as commonly as DXA scans would be in
assessment of sarcopenia however because CT scans
are expensive and expose the patient to significant
radiation, while MRI scans are also expensive and less
[17]
available . Bioelectrical impedance analysis uses
electrodes to accurately estimate fat content. IVNAA is
used to measure total body protein and can serve as a
[30]
good indicator of PCM . Nevertheless, these are not
typical tools used in a standard nutritional assessment.

Figure 2 Position and technique for triceps skinfold thickness measurement[49].

MANAGEMENT - ENTERAL AND
PARENTERAL
Therapeutic interventions to maintain adequate nu
tritional status in CLD patients can be divided into
enteral or parenteral forms. The indications and con
traindications for each mode of therapy vary widely
depending on the patient and the extent of disease.
Generally speaking, guidelines suggest that the
required energy intake for cirrhotic patients is 35-40
kcal/kg-BW per day and a protein intake of 1.2-1.5
[32,33]
. The dietary plan for an average
g/kg-BW per day
70 kg adult does not significantly differ from a
practically “normal” diet, as long as the above caloric
and protein intake guidelines are met (usually through
protein supplementation). In fact, the diet of CLD
patients is largely based on a standard diet with added
[31]
supplements as needed . It is however important
to discuss variations in a patient’s condition, as they
may concomitantly have hepatic encephalopathy or
hepatic-renal syndrome, and these must be addressed
as well. With regards to hepatic encephalopathy,
the general recommendation currently is to simply
continue usual diet, while maximizing appropriate
[33]
treatment with lactulose rifaximin, and so on . In
hepato-renal syndrome, there do not appear to be
any recommendations as per the current literature to
adjust nutrition, and the current approach remains to
address the underlying mechanism causing HRS (e.g.,
[34]
correcting hypovolemia with albumin infusions) .
Note that CLD can arise through different pa
thologies, including NAFLD. This is of particular
importance because the pathophysiology through
which NAFLD arises is metabolic syndrome and diet/

Figure 3 Position and technique for subscapular skinfold thickness
measurement[49].

thickness (ST) is another anthropometric test that
uses a caliper to measure fat reserve (Figure 2). ST
was found to correlate with DEXA scan as a marker
of body fat stores. Both ST and MAMC compare
results on a percentile score, with values below
th
[20]
the 5 percentile indicating severe malnutrition .
Anthropometric measurements are widely available,
inexpensive and easy to complete. This makes them
quite invaluable as bedside tools for nutritional status
assessment. However, a major limitation to the use of
anthropometric measurements as nutritional markers
[30]
includes poor inter-rater reproducibility of results
(Figure 3) .
Functional measurements have also gained popu
larity as tools to assess nutritional status in CLD
patients. In particular, HG has been shown to be a
strong predictor of malnutrition. In a study by Alvares[20]
da-Silva et al , HG was found to be more sensitive
than SGA in predicting malnutrition and the incidence
of major complications at 1-year in cirrhotic patients.
This functional assessment is completed with a dyna
mometer and is useful for tracking clinical change in
patients. Refer to Table 1 for a summary of these
anthropometric measurements and their unique
limitations.
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Table 1 Anthropometric techniques: Benefits and limitations
Technique

Benefits

Limitations

Weight (kg)/height (m2)
Indicator of choice for chronic undernutrition in adults
Probability of misclassifying nutritional status on basis of BMI
considered to be very small
Mid-arm muscle circumference
Measured in centimeters using flexible measuring tape (halfway
between olecranon and acromion process)
Less influenced by patient fluid status (upper limbs less
commonly edematous)
Recognize malnutrition earlier relative to BMI
Better at recognizing mild-moderate malnutrition
Skinfold thickness (triceps, biceps,
Measured in millimeters using skinfold caliper
subscapular, suprailiac)
Less influenced by patient fluid status
Recognize malnutrition earlier relative to BMI
Better at recognizing mild-moderate malnutrition
Handgrip strength
Measured in kilogram force, using hydraulic dynamometer
adjusted to patient hand size
Highly sensitive indicator of functional impairment, reflective
of protein-calorie malnutrition
Correlates with severity of clinical outcome in different disease
states
BMI

Confounded in cirrhotics with ascites and peripheral
edema

Possibly significant inter-observer variability
Poorly recognizes patients with severe malnutrition

Possibly significant inter-observer variability
Poorly recognizes patients with severe malnutrition

Requires certain equipment to measure which may
not be widely available

BMI: Body mass index.

[35]

lifestyle is largely implicated . Given this, addressing
diet in patients with CLD from NAFLD is of utmost
importance. General recommendations are to reduce
total fat, saturated fats, trans fats, and fracture, while
simultaneously increasing intake of polyunsaturated
[35]
fats, and monosaturated fats . These changes will
likely benefit any patient with CLD but are especially
important in those with NAFLD.
As prognosis is closely linked to nutrition in patients
with chronic liver pathology, the goal of any thera
peutic measure is to achieve the recommended intake
amount.

insight into the value of protein restriction has
shown that there is minimal impact on the onset of
encephalopathy and rather that overall protein intake
[36]
should be increased since requirements are higher .
A diet low in protein should therefore be avoided.
One of the largest topics of study in patients with
liver disease includes the possible benefits of oral
supplement use. More specifically, there have been
multiple research studies on the use of branched chain
amino acids (BCAAs) for nutritional support. BCAAs
include leucine, isoleucine, and valine, which cannot be
synthesized in the body and must be obtained through
[37]
diet . Patients with CLD or cirrhosis are known to
have low levels of BCAAs, which impacts a variety
of bodily functions including ammonia detoxification.
Furthermore, inadequate levels have been shown
to worsen hepatic encephalopathy and ultimately
[36]
contribute to a worsened clinical outcome . Multiple
research studies have demonstrated benefits of using
BCAA supplementation for patients with severe liver
disease. A randomized clinical trial showed that longterm supplementation with oral BCAAs helped prevent
[37]
progressive hepatic failure . They have also been
noted to improve cases with pre-existent hepatic
encephalopathy. In addition to BCAAs, usage of a
controlled diet with nutritional supplements like caseinbased protein mixtures were associated with lower
bilirubin levels, improved prothrombin time and an
[37]
overall reduction in infection . A 2012 systematic
[32]
review by Koretz et al
identified that the use
nutritional supplements in oral feeding for patients
with liver disease were associated lower rates of
ascites, infection and hepatic encephalopathy. Finally,
multivitamins are also recommended but there is

Enteral

Enteral means of nutritional administration implies
that food is absorbed primarily through the digestive
processes of the gastrointestinal tract. The intake
of nutritional substances can be done orally, directly
into the stomach, or from the rectum. In the setting
of comorbidities or inability to consume food orally,
a nasogastric (NG) or percutaneous endoscopic
gastrostomy (PEG) tube can be inserted for direct
gastric administration.

Oral

The content and distribution of diet must be regulated
to ensure adequate nutritional intake in CLD and
cirrhotic patients. The general diet recommendation
is to have multiple (5-6) small meals that are rich in
complex carbohydrates, while lipids may compose
[32]
20%-30% of the overall caloric intake . Initially, it
was thought that protein restriction was essential as
it was shown to decrease the incidence of encepha
lopathy in end-stage liver disease. However, recent
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limited research on the benefits in CLD patients.
Increasing numbers of patients with CLD are
being found to have coexisting celiac disease and
this introduces an additional barrier with regards to
[38–40]
tailoring feeds to achieve appropriate nutrition
.
Given that general recommendations for diet include
meals that are rich in complex carbohydrates, it is
essential that patients with concomitant celiac disease
ensure the carbohydrates that they intake are glutenfree. Many BCAA supplements do not contain gluten,
and further supplementation with protein mixtures
can be achieved by ensuring the protein mixture
[41]
acquired is gluten-free . Although celiac disease
does in fact introduce an additional barrier, much of it
can be overcome with a fastidious approach to which
foods are consumed. These principles apply to other
methods of nutritional intake explored below as well.

shown significant clinical improvements in serum
albumin, Child’s score, and a reduction in mortality
with patients who were on enteral-tube feeding
[46]
compared to oral diet controls . Accordingly, a recent
multicenter trial in 99 cirrhotic patients randomly
placed half on enteral tube-feeding for 4 wk, followed
by oral supplements for 8 wk while the other half
[47]
was kept on a strict oral diet . Using short-term
enteral tube feeding allowed investigators to achieve
the recommended caloric intake in 70% of patients,
but there was no difference in 1-year survival, or
[47]
other liver parameters between the 2 groups .
Considering the multitude of studies on the topic of
[48]
oral nutrition vs tube feeding, Hasse et al performed
an extensive review of enteral nutrition in the setting
of liver disease. This review indicated that evidence for
starting a patient on oral or tube feeding is currently
inconclusive, as the majority of data show highly
[48]
variable results . However, the discussion of when
to use oral or tube feeding is typically not a matter
of preference, but more so what a patient is able to
tolerate. Currently, this review of enteral nutrition
outlines that patients should maximize oral intake
with a targeted diet and supplements initially. At this
stage, individuals should be closely monitored to see if
oral feeding is able to achieve the desired caloric and
nutrient intake. If nutritional status continues to decline,
it is recommended that patients begin tube feeding
[42,48]
within 1 wk of inadequate oral intake
. Delaying the
onset of tube feeding is associated with worse outcomes
and delayed improvement in nutritional status. NG
tubes are recommended, since PEG tubes are often
contraindicated in CLD patients.
There are various formulas that are suitable for
tube-feeding depending on the individual patient
disease. They may typically be a standard formula
that is protein rich, or nutrient-dense in those who
are on fluid restrictions. These can also be hydrolyzed
for those who have impaired digestion, include more
BCAAs or offer immune complexes for patients that
are immunocompromised. These formulas are highly
variable and can be altered for individual patient needs.

Tube feeding

If it is evident that nutritional requirements cannot
be met through oral feeding, the next line of therapy
is tube feeding. In regards to the use of a NG or
PEG tube, clinicians are often concerned about the
possibility of an NG tube causing gastrointestinal
bleeding. However, literature has found that the risk
of GI bleeding in NG tube placement is quite low and
should not deter clinicians away from this form of
[42]
tube feeding . The European Society for Parenteral
and Enteral Nutrition (ESPEN) guidelines originally
indicated that tube feeding could be used in patients
who were not able to maintain adequate nutritional
status through oral intake, even in the presence
esophageal varices. Though, this was modified shortly
after the results of a small-randomized trial identified
the possibility of tube feeding causing recurrence of
[42]
bleeding . The guidelines were then changed to state
that tube feeding in patients with esophageal varices
is dangerous, and that patients should be closely
[42]
monitored should this therapy be initiated .
When NG tubes are needed for extended periods
of time, smaller diameter NG tubes are recommended
to avoid irritation of the nasal mucosa when in use for
extended periods of time. However, in cases where
long term enteral tube feeding is needed, there is
typically discussion on the merits of using a PEG tube.
Major problems with using PEG tubes in this patient
population are that there are various instances in
liver disease where PEG tubes are contraindicated;
specifically in the setting of ascites, bleeding varices,
coagulopathy or other sequela of decompensated
[43]
cirrhosis . Due to this, clinicians are rarely inclined to
use a PEG tube for CLD or cirrhotic patients.
Research comparing oral diets to enteral-tube
feeding has shown variable results in determining
which mode of nutrition provides better outcomes.
[44]
[45]
Studies by Kearns et al
and Cabre et al
have
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Parenteral

Parenteral nutrition therapy is an intervention in which
feeding is done entirely through an intravenous line. In
patients with liver disease, parenteral nutrition is often
recommended when caloric and nutritional intake is
insufficient through either oral or enteral means. It
can also be considered in short-term situations where
patients must undergo prolonged fasts for procedural
considerations. It is also a consideration in patients
with compromised airways, encephalopathy or im
paired swallowing reflexes that would make oral and
sometimes tube feeding difficult.
Cirrhotic patients require a caloric intake that is
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[43]

approximately 1.2-1.3 times the REE . Nutrient
intake is divided into carbohydrates, lipids, proteins
and micronutrients. Through parenteral nutrition,
carbohydrates are provided in the form of glucose to
make up for approximately 50%-60% of non-protein
energy requirements. Lipids are provided as emulsions
of unsaturated fatty acids that make up approximately
40%-50% of non-protein energy requirements.
Protein requirements are met through an infusion of
amino acids that ranges from 1.2-1.5 g/kg per day
[43]
depending on the patient’s current disease severity .
These amino acid solutions typically contain a larger
proportion of BCAAs and a lower fraction of aromatic
[16]
amino acids . The inclusion of micronutrients into
parenteral formulas is a topic of controversy as many
studies have failed to show actual therapeutic be
nefits. Nevertheless, various water and fat-soluble
vitamins, and electrolytes are included in the overall
infusion by clinicians. This is primarily because CLD
is often associated with significant micronutrient
deficiencies, specifically those that have an alcohol[44]
related etiology . Once again, the recommendations
for beginning parenteral nutrition are when oral and
enteral means have been tried and failed.
There are a variety of complications involved with
parenteral nutrition. Since it often requires chronic
vascular access, there is risk of catheter infection and
clotting. Furthermore, there is risk of total parenteral
nutrition (TPN) induced liver disease, particularly
due to interactions between linoleic acid (major lipid
[43]
source of calories) and the liver parenchyma .
Furthermore, patients may experience severe hunger
pains because TPN use completely bypasses the GI
system. Refeeding syndrome is also a consideration
in patients with severe cirrhosis or CLD that have
been experiencing severe nutrient deficiencies for a
[9]
prolonged period of time .

in oral form with appropriately selected supplements
can be sufficient in managing the majority of patients
with CLD and malnutrition, often with worsening disease
and malabsorption/maldigestion, a step-wise approach
moving from oral, to tube feeding, and if necessary,
parenteral nutrition is required. Early recognition and
intervention is beneficial as the systemic implications of
malnutrition greatly impact the prognosis and can limit
management options as the disease progresses. With
an appropriate approach to malnutrition in CLD, many
of the associated complications can be avoided and
overall improve the outcomes in this patient population.
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The objective was to critically analyze studies that
evaluated the predictive capacity of indicators of
visceral adiposity in non-alcoholic fatty liver disease
(NAFLD). The bibliographic research was carried out
using the electronic database PubMed, LILACS and
SciELO, references of selected articles. Although we
found few studies, they have already used several
indicators of visceral adiposity as waist circumference,
waist-to-hip ratio, waist-to-height ratio, Lipid accumu
lation product, Body Shape Index, Body Roundness
Index and most them were good predictors of NAFLD.
Thus, the anthropometric indicators may contribute for
the diagnosis of NAFLD in a simple, low-cost and noninvasive way, allowing early therapeutic measures to
prevent the evolution to non-alcoholic steatohepatitis.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
one of the most common liver diseases worldwide and
presents evolutional potential for more severe forms
of the disease such as cirrhosis and hepatocellular
carcinoma. The most effective treatment is based on
changes in lifestyle, diet and exercise; however, this
presents the challenge of having to be performed for
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references have also been identified and reviewed.
Inclusion criteria were: the availability of the full
text in the database; publication in the last ten years
(Feb 2008-Feb 2018); written in Portuguese, English
or Spanish. Exclusion criteria were: review studies,
repeated studies in more than one database, research
outside the previously determined context.
After analyzing the titles and abstracts, according
to the eligibility criteria, the studies were selected
for reading in full. One thousand eight hundred and
sixty-three studies were found in the databases. After
completing the selection of the studies based on the
reading of the titles and abstracts, 1858 studies were
excluded: 1845 did not meet the eligibility criteria;
1 duplicated, 1 Chinese, 1 cohort study; 1 evaluated
individuals with hepatitis B and C virus, and 2 studies
were included after the screening of the references.
Thus, eleven articles were included in the review.
The main information of the studies as authorship and
year of publication, where the study was conducted,
the study population characteristics (number of indi
viduals and age), anthropometric indicators evaluated
BMI, WC, WHtR, LAP, Waist-To-Hip Ratio (WHR), Body
Shape Index (ABSI), Body Roundness Index (BRI) and
diagnosis criteria of NAFLD (Table 1).

a long time. The diagnosis, especially of non-alcoholic
steatohepatitis (NASH), requires invasive examination
such as liver biopsy. The anthropometric clinical
indicators of visceral obesity, of easy applicability and
low cost, have been very promising in the prediction of
NAFLD. Thus, future studies could be conducted to use
them in the prediction of NASH, besides assisting in the
therapeutic and preventive conduction NASH.
Almeida NS, Rocha R, Cotrim HP, Daltro C. Anthropometric
indicators of visceral adiposity as predictors of non-alcoholic fatty
liver disease: A review. World J Hepatol 2018; 10(10): 695-701
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v10/i10/695.htm DOI: http://dx.doi.org/10.4254/wjh.v10.i10.695

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a relevant
metabolic disorder with a high evolutional potential,
including from isolated hepatic steatosis to nonalcoholic steatohepatitis (NASH), and if left untrea
ted, can progress to fibrosis, cirrhosis and even liver
[1]
failure .
Excess weight, mainly the accumulation of visceral
fat, is considered the main risk factor for NAFLD,
[2-4]
being closely related to the severity of the disease .
Currently, clinical anthropometric indicators such as
waist-to-height ratio (WHtR) and lipid accumulation
product (LAP) are described in the literature as the
most sensitive and specific for discriminating visceral
fat compared to the classic parameters as waist
[5]
circumference (WC) and body mass index (BMI) .
Some formulas recommended in the literature
for NAFLD prediction already use anthropometric
[6,7]
indicators such as BMI and WC . However, there are
few studies that have evaluated predictive capacity
as well as the cutoff points of these new indicators
[8-11]
in individuals with NAFLD
. This review aimed to
critically analyze studies that assessed the ability
of anthropometric indicators of adiposity to predict
NAFLD.

CLINICAL ANTHROPOMETRIC
INDICATORS OF VISCERAL ADIPOSITY
Classical anthropometric indicators, such as BMI and
WC, are disseminated in clinical practice to assess
nutritional status, since they are relatively simple and
[12,13]
inexpensive tools
. Visceral obesity is the most
[2-4]
important risk factor for NAFLD
and recent studies
have been investigating the relevance of WC and other
new clinical indicators of visceral adiposity (WHtR and
LAP) in NAFLD diagnosis (Table 2).
In the studies selected here it is observed that
different methods were used to identify hepatic
[9]
[14]
steatosis: liver biopsy , computed tomography ,
[8,15]
proton magnetic resonance spectroscopy
being that the great majority realized abdominal
[10,11,16-20]
ultrasonography
.
Most of these methods such as ultrasonography,
computed tomography and magnetic resonance
imaging are important in the diagnosis of NAFLD,
however these techniques cannot distinguish benign
steatosis from steatohepatitis, severity of inflammation
[21]
and grade and degree of fibrosis or stage of disease .
The liver biopsy, although not used in routine clinical
practice remains the only available procedure to grade
and to stage NAFLD and to exclude other causes of
liver disease. It has been considered a gold standard
[22]
method .

LITERATURE SEARCH
To perform the search and retrieval of scientific articles,
we used the PubMed (National Library of Medicine),
Scielo (Scientific Eletronic Library Online) and LILACS
(Literatura Latino-Americana e do Caribe em Ciências
da Saúde) databases. The “OR” and “AND” connectors
were used to combine the descriptors: (“non-alcoholic
fatty liver disease” or “non-alcoholic steatohepatitis”
or “fatty liver” or “NAFLD”) and (“adult”) and (“waist
circumference” or “body mass index” or “waist-toheight ratio” or “conicity index” or “lipid accumulation
product”) and (“discriminatory performance” or “optimal
cutoff points”). The articles of interest listed in the
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Table 1 Studies evaluating the anthropometric indicators as predictors of non-alcoholic fatty liver disease
Ref.
Yoo et al[14]
Zheng et al[9]

Country

Population (n )

Age (yr)

Anthropometric indicator

NAFLD diagnosis

South Korea

NAFLD (77)
Non-NAFLD (379)
NAFLD (250)
Non-NAFLD (240)
NAFLD (2553)
Non-NAFLD (6606)
NAFLD (168)
Non-NAFLD (168)
Obese with NAFLD (45)
Obese without NAFLD (100)
NAFLD (362)
Non-NAFLD (6867)
NAFLD (2048)
Non-NAFLD (2824)
Obese without NAFLD (130)
Obese with NAFLD (202)
NAFLD (167)
Non-NAFLD (1043)
Black (94) and White (58)
overweight and obese adolescents
NAFLD (12150)
Non-NAFLD (28309)

20-88

WC and WHtR

Tomography

36.6 ± 11.1
37.3 ± 10.2
42.5 ± 5.1
41.6 ± 4.9
50.3 ± 11.9
48.6 ± 10.9
11-17

WHR, BMI, WC and WHtR

Liver biopsy

BMI and WC

Ultrasonography

LAP
WC

Proton magnetic resonance
spectroscopy
Ultrasonography

7-18

WHtR, BMI and WC

Ultrasonography

48.6 ± 12.7
39.0 ± 15.4
11.6 ± 2.7
12.1 ± 2.6
18.8 ± 1.9
15.1 ± 2.8
14.7 ± 1.8
14.5 ± 1.5
18-94

WHtR, WHR, ABSI, BRI

Ultrasonography

WHtR

Ultrasonography

WHtR, WHR

Ultrasonography

WC

Proton magnetic resonance
spectroscopy
Ultrasonography

China

Ju et al[10]

South Korea

Cuthbertson et al[8]

England and
Germany
Brazil

Monteiro et al[16]
Zhang et al[17]
Motamed et al[11]

China
Iran

Özhan et al[18]

Turkey

Lin et al[19]

Taiwan

Lee et al[15]

United States

Dai et al[20]

China

LAP

NAFLD: Non-alcoholic fatty liver disease; WHR: Waist-to-hip ratio; BMI: Body mass index; WC: Waist circumference; WHtR: Waist-to-height ratio; ABSI:
Body shape index; BRI: Body roundness index; LAP: Lipid accumulation product.

in population studies and in clinical practice to assess
central obesity, better reflecting the content of visceral
fat, in addition to having a good relationship with
[14,23]
total body fat
. However, it presents important
limitations when used alone as a predictor of visceral
[24]
fat .
WC and BMI indicators are widely used in the
[2,8,25]
evaluation of individuals with NAFLD
. However,
it is known BMI limitations in the evaluation of the
composition and distribution of body fat, considering
[26]
that this indicator only evaluates total body mass .
[26]
In most studies, the WC was assessed by WHO
[9,14,17]
(midpoint between the iliac crest and the last rib)
.
[10]
Only Ju et al
performed the measurement of WC
[14]
in the umbilical line. Yoo et al , in an observational
cohort study, investigated the WC in 456 adults and
2
elderly Koreans, with BMI of 26.5 ± 2.5 kg/m in men
2
NAFLD group and 27.3 ± 3.3 kg/m in women NAFLD
group and found a cutoff point of 89.0 cm for men and
84.0 cm for women, with sensitivity above 74%, in the
[10]
prediction of NAFLD. Ju et al
investigated the WC
in 9159 adults Koreans in a cross-sectional study with
2
BMI of 22.4 ± 2.5 kg/m in Non-NAFLD group and
2
25.6 ± 2.61 kg/m in NAFLD group and identified with
better levels of sensitivity and specificity, the WC cutoff
of 84.9 cm for men and 80.4 cm for women. They
observed that WC and BMI showed similar predictive
capacity in both sexes, showing that there is still
controversy about the best anthropometric parameter
to predict NAFLD. In the study conducted by Zheng
[9]
et al in a cross-sectional study with 490 patients
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Chinese, between 15-56 years, which included 96
patients with liver disease, 86 hepatitis, 19 hepatic
hemangioma, and 39 autoimmune liver disease, with
2
BMI 24.8 ± 10.1 kg/m in Non-NAFLD group and 36.8
2
± 10.1 kg/m in NAFLD group, BMI and WC had AUC
above 0.84 in the total sample.
In children, the WC AUC was 0.94, with the
cutoff point at the 80th percentile for age, in the
[17]
study by Zhang et al , a cross sectional study with
[15]
7229 students in China. Lee et al
evaluated white
and black obese adolescents in the United States
and found an optimal WC cutoff point for predicting
NAFLD of 101.5 cm, AUC: 0.847, 93% sensitivity and
80% specificity in white obese women, and with
no statistical difference between the values found
between the blacks. The cross-sectional study by
[16]
Monteiro et al , which evaluated 145 obese children
and adolescents in Brazil, found higher WC (AUC:
0.720) when compared to trunk fat mass (AUC: 0.661),
estimated by Dual-energy X-ray absorptiometry,
however lower than the intra-abdominal adipose tissue
(AUC: 0.741), measured by ultrasound examination.
It should be noted that the authors did not present
the cut-off points of the indicators. It is observed
that most of these studies were developed in Asian
[9,14,17]
populations
, considering that WC cutoff points
may differing between racial and ethnic groups more
studies are needed for this identification.

WAIST-TO-HIP RATIO
The Waist-To-Hip Ratio (WHR) is determined by dividing
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WHtR
WC
WHR
BMI
WC
WHtR
WC
BMI
LAP
WC
WHtR
WC
BMI
WHtR
BRI
WHR
ABSI
WHtR
WHtR
WHR
WC
LAP

Indicator

0.80 (0.76-0.83)
0.755 (0.714-0.795)
0.847

0.78 (0.73-0.83)
0.72 (0.636-0.804)
0.95 (0.94-0.96)
0.94 (0.92-0.95)
0.93 (0.91-0.94)

0.916 (0.86-0.97)
0.854 (0.78-0.93)
0.876 (0.81-0.94)
0.878 (0.82-0.94)

AUC (95%CI)

Total

101.5

0.62
0.469

0.47
801
801

0.89
24.22
82.5
0.49

93

48.4
70.1

66.7
85.2
86.2
86.2

99
96
95
96

80

73.8
76.9

64
92.5
87.4
87.6

66
64
68
64

Cut-offs point Sens (%) Spec (%)

0.887 (0.882-0.892)

0.8566 (0.8419-0.8714)
0.8566 (0.8419-0.8714)
0.7673 (0.7487-0.7860)
0.6598 (0.6382-0.6814)

0.821 (0.801-0.840)
0.83 (0.811-0.850)
0.77 (0.69-0.85)

AUC (95%CI)
0.80 (0.74-0.86)
0.79 (0.73-0.86)

Women

23

0.58
5

80.395
22.715

Cut-offs point
0.53
84

82

83.3
83.3

0.733

Sens (%)
90
84

79

71.7
71.7

0.704

Spec (%)
63
62

0.843 (0.837-0.849)

0.8457 (0.8320-0.8593)
0.8457 (0.8320-0.8593)
0.8018 (0.7862-0.8173)
0.6539 (0.6351-0.6727)

0.759 (0.746-0.773)
0.76 (0.747-0.773)
0.74 (0.66-0.82)

AUC (95%CI)
0.72 (0.63-0.81)
0.74 (0.65-0.83)

Men

30.5

0.533
4

84.945
24.465

77

82.7
82.7

0.567

Cut-offs point Sens (%)
0.52
71
89
75

75

70.8
70.8

0.6

Spec (%)
65
64

[28-30]

The WHtR is an indicator of abdominal obesity that has been used in several studies to evaluate metabolic disorders
. The analysis of the WHtR suggests that a
person WC should not exceed half the height value, presenting a better sensitivity in the evaluation of the health risk when compared to the measurement of isolated
[31]
WC in different populations .

WAIST-TO-HEIGHT RATIO

the waist circumference by the circumference of the hip. This indicator is used to characterize how body fat is distributed, if it is concentrated in the central region or
in body extremities. Sometimes the gain or loss of weight causes similar alterations in waist and hip circumferences, without altering the final ratio, so in these cases,
[27]
WHR is not so useful to evaluate body mass changes .
Few studies have evaluated the WHR in predicting NAFLD. However, the WHR was the indicator with the highest predictive capacity (AUC: 0.91) for NAFLD in the
[9]
[11]
study by Zheng et al , as a cutoff point of 0.89 for the total sample. Motamed et al , in a cross-sectional study with Iranian adults, reported an AUC above 0.70 of
the WHR in both sexes to predict NAFLD, but cut points were not presented. Despite the limited amount of studies found in the literature that addressed the predictive
capacity of WHR in NAFLD, the results found in both studies show that this indicator can be considered as a good predictor of NAFLD.

Data shown for white obese adolescents only. AUC: Area under ROC curve; Sens: Sensitivity; Spec: Specificity; WHtR: Waist-to-height ratio; WC: Waist circumference; WHR: Waist-to-hip ratio; BMI: Body mass index; LAP: Lipid
accumulation product; BRI: Body roundness index; ABSI: Body shape index.

1

Lee et al[15]
Dai et al[20]

1

Özhan et al[18]
Lin et al[19]

Motamed et al[11]

Cuthbertson et al[8]
Monteiro et al[16]
Zhang et al[17]

Ju et al[10]

Zheng et al[9]

Yoo et al[14]

Ref.

Table 2 Cut-offs and areas under the ROC curve, sensitivity and specificity of anthropometric indicators to determine non-alcoholic fatty liver disease
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[14]

[9]

[11]

Yoo et al , Zheng et al and Motamed et al
reported an AUC above 0.71 of the WHtR to detect
[14]
NAFLD. Yoo et al
identified cutoff points of 0.53
(sens: sensitivity 90%, spec: specificity 63%) for
women and 0.52 (sens: 71%, spec: 65%) for men.
The cutoff points found in the study conducted by
[11]
Motamed et al
with Iranians were similar for men
0.533 (sens: 82.7%, spec: 70.8%), but not for women
which was 0.580 (sens: 83.3%, spec: 71.7%). Already
[9]
Zheng et al did not stratify the results by sex.
In children, the WHtR was the indicator that pre
sented the highest AUC 0.95 and with cutoff points
[17]
of 0.47 (sens: 95%, spec: 96%) in Zhang et al . Lin
[19]
et al
evaluated 1210 children aged 10-19 years
in Taiwan and identified that WHtR had AUC higher
than that of WHR. The cutoff point of WHtR to predict
NAFLD in the study population was 0.499 (sens:
[18]
70.1%, spec: 76.9%). Özhan et al , evaluated 332
obese children with and without NAFLD, and the WHtR
presented an optimal cutoff point for the prediction
of NAFLD of 0.62, but with low sensitivity (48.5%)
and high specificity (73.8%). In all this study WC was
[26]
measured according to WHO .
In adults, the advantage of this indicator is related
to the ability to neutralize the differences between the
heights, allowing to individualize the interpretation
of the fat concentration for different ages, since only
a change in the value of the indicator occurs if the
modification comes from the WC. In addition to be a
low-cost indicator, it uses traditional and simple body
measurements, and is a non-invasive method, being
[29,30]
easily interpreted and reproducible
.

in the Asian population. In addition, it is important
to highlight a limitation in the clinical practice of
this indicator, which requires application of complex
[33]
formula and serum triglyceride values .

OTHER INDICATORS
Two new indicators of obesity, Ody Shape Index (ABSI)
e Body Roundness Index (BRI) were described in
[34]
literature. The ABSI was proposed by Krakauer et al
and it is calculated with the values of WC, BMI and
height. Their analysis suggests that the ABSI allows to
evaluate the excess risk of high WC. And Thomas et
[35]
al developed BRI to predict body fat and percentage
of visceral adipose tissue, calculated with WC and
height data.
[11]
Motamed et al
evaluated the ability of two new
obesity indicators to predict NAFLD. In this study BRI
and WHtR presented the same discriminatory power
(AUC above 0.84) for NAFLD. However, ABSI was not
a good indicator to predict NAFLD. Because BRI is an
indicator of obesity that is still recent and little studied,
the use in clinical practice to assess the discriminatory
capacity of NAFLD deserves caution.
[10]
Of all the articles studied only one study, Ju et al ,
stratified the population in NAFLD and NASH. However,
this study did not evaluate the predictive capacity
of these indicators in NASH, only in NAFLD, besides
NASH classification was evaluated by the presence
of steatosis associated with elevation of alanine
aminotransferase. Therefore, these studies that in
vestigated the anthropometric indicators of visceral
adiposity can only predict NAFLD. In addition, we can
highlight in these studies the predictive capacity of the
anthropometric clinical indicators for NAFLD that the
main limitations were the different diagnostic methods
used to detect NAFLD, the different ethnicities and
different age groups, such as the inclusion of the
elderly in some samples.

LIPID ACCUMULATION PRODUCT
LAP is a proposed indicator for estimating lipid con
centration in adults. Its formula includes data from
WC and the serum concentration of triglycerides in
the fasted state. The indicator proposes to investigate
if the concentration of lipids exerts effect in the
evaluation of the cardiovascular risks, better than the
[32]
BMI .
Only two studies used LAP in the prediction of
[8,20]
[8]
NAFLD
. Cuthbertson et al evaluated 4 cohorts
in Germany and England and although it has demon
strated an AUC of 0.78, the authors did not calculate
cutoff points for NAFLD. Already a large cross-sectional
[20]
study
that evaluated 40459 Chinese, the LAP
showed high accuracy for diagnosing NAFLD in both
men and women (AUC 0.843 and 0.887, respectively),
with cutoff points of 30.5 (sens: 77%, spec: 75%)
and 23.0 (sens: 82%, spec: 79%), respectively, and
especially in the younger population between 18 and
44 years old.
Therefore, further studies are needed to confirm
its usefulness in predicting this condition in other popu
lation groups since it is an excellent predictor of NAFLD
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CONCLUSION
There are still few studies that evaluated anthropo
metric indicators of visceral obesity in the prediction of
NAFLD, and these already have promising results. The
identification of these indicators, with specific cutoff
points considering the ethnic and racial groups, for use
in the prediction of NAFLD, and especially NASH, may
help in the early diagnosis, allowing a therapeutic and
preventive approach to this population.
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Abstract
Mesenchymal stem cells (MSCs) as a source for rege
nerative medicine are now the subject of much clinical
attention. There are high expectations due to their
safety, low tumorigenic risk, and low ethical concerns.
MSC therapy has been approved for acute graft-versus
host diseases since 2015. Tooth-derived MSCs are
known to have a great potential in their proliferation
and differentiation capacities, even when compared with
bone-marrow-derived MSCs. In particular, stem cells
from human exfoliated deciduous teeth (SHEDs) are the
best candidates for personal cell banking (dental pulp
cell bank), because they can be obtained less invasively
in the natural process of individual growth. SHEDs are
known to differentiate into hepatocytes. There have been
several studies showing the effectiveness of SHEDs on
the treatment of liver failure in animal models. They may
exert their effects either by repopulation of cells in injured
liver or by paracrine mechanisms due to their immuneregulatory functions. Moreover, it may be possible to use
each individuals’ dental pulp cells as a future source of
tailor-made differentiated hepatocytes in the context of
a bioartificial liver or liver-on-a-chip to screen for drug
toxicity.
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bio-assay systems that are suitable for drug side-effect
testing, with the aim of achieving tailor-made medicine.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Cells from teeth for regenerative medicine

Recent progress in regenerative medicine has been
outstanding; it is now possible to remove one’s own
cells or tissues, differentiate them into many cell types,
and use these to repair dysfunctional organs. The
development of iPS cells has contributed greatly to this
movement. In Japan, a clinical study for age-related
[9]
macular degeneration using iPS cells started in 2014 .
However, there remain some clinical concerns regarding
iPS cell-based regenerative medicine. For instance,
because autologous transplantation of self-iPS cells
is costly, heterologous cells must be used in practical
situations. Establishment of cell panels to cover all HLA
types remains costly and laborious. In addition, because
they are prepared with transfection by foreign genes,
[10]
the risk of tumorigenesis cannot be ignored .
On the other hand, because MSCs do not need
transfection of genes, they may have a lower risk of tu
morigenesis. In addition, they induce immune tolerance
in general, so rejection of cells is unlikely. MSCs might
also increase the acceptance of regenerative medicine
because they do not undergo any gene manipulation.
In the dental field, starting with their acquisition
from wisdom and deciduous teeth, MSCs from dental
pulp, periodontal ligament, apical papilla, and dental
[11-13]
follicle have been reported
. These dental stem cells
have variety of differentiation and active proliferation
capacities. These are obtained in a less-invasive manner,
and the concept of “waste material re-utilization” is the
main rationale to promote a system of dental pulp cell
banking.
[4]
Gronthos et al first reported that dental pulp-derived
cells from adults were clonogenic, rapidly-progressive
and produced dentin/pulp-like complex under specific
conditions. This study opened the way for the application
of DP-MSCs to regenerative medicine. Subsequently, it
was shown that DP-MSCs could differentiate into cells
that were irrelevant to teeth, such as adipocytes or neural
[5]
cells and are known to be osteogenic, odontogenic,
dentinogenic, cementogenic, adipogenic, chondrogenic
[11,14]
[6]
and neurogenic
. Miura et al showed that SHEDs
had a higher potential of proliferation and differentiation,
and would therefore be a hopeful source for regenerative
medicine. This may be the beginning of the concept of
dental bank reusing the exfoliated juvenile teeth that
would be discarded otherwise. MSCs from an early age
may be expected to be more capable of regeneration and
differentiation, as was shown by study finding that SHEDs
[7]
were more proliferative than other DP-MSCs . There was
also a report showing a superior differentiation capacity
for SHED when compared with stem cells from adult
[15]
dental pulp .
It is known that stem cells from bone marrow or
blood are able to differentiate into cells like hepato
[16-18]
[19]
cytes
. Ishkitiev et al first reported that DP-MSCs

Core tip: Dental pulp-origin mesenchymal stem cells
have a remarkable potential for regenerative medicine
in both differentiation and proliferation capacity. Dental
pulp cell banks are currently under operation in several
institutions in Japan, as they can be obtained easily and
less invasively in the personal growth process. Recent
findings that they can differentiate into hepatocytes
suggest that they can be applied to refractory liver
diseases as either auto or allogenic cell therapies. These
hepatocytes can be used as tailor-made components for
a bioartificial liver or liver-on-a-chip to screen for drug
toxicities in preparation for future use.
Ohkoshi S, Hirono H, Nakahara T, Ishikawa H. Dental pulp cell
bank as a possible future source of individual hepatocytes. World
J Hepatol 2018; 10(10): 702-707 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v10/i10/702.htm DOI: http://
dx.doi.org/10.4254/wjh.v10.i10.702

INTRODUCTION
Mesenchymal stem cells (MSCs), which reside in a
variety of tissues, are able to differentiate into many cell
types. They have a low risk of tumorigenesis because
they do not need the introduction of foreign genes to
differentiate, unlike induced pluripotent stem (iPS) cells.
They also have a low risk of immune rejection. They
can be obtained in a minimally invasive manner such as
umbilical cord blood, providing a promising cell source
for regenerative medicine. Application of MSCs in the
treatment of refractory liver diseases is currently under
[1-3]
great clinical scrutiny .
It was first reported in 2000 that MSCs were present
[4]
in dental pulp tissues within the teeth . Dental pulpderived MSCs (DP-MSCs) are known to differentiate into
many cell types like other MSCs, such as osteoblasts,
[5]
adipocytes and neural cells . DP-MSCs also have good
potential for proliferation and differentiation similarly
to other types of MSC. In particular, MSCs derived
from exfoliated deciduous teeth (SHED) in childhood
have been reported to have a pronounced potential of
[6,7]
proliferation . Because these are normally discarded in
the process of personal growth, they are perfectly suited
for cell banking in a manner similar to umbilical cord
[8]
blood . The dental pulp cell bank is a best fit for future
tailor-made medicine, where people deposit their own
tooth-derived MSCs, preparing for their future medical
needs. In this review, we concisely review the current
and future status of DP-MSCs, including SHED-based
regenerative medicines, particularly focusing on their
application for liver diseases and for the construction of
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Exfoliated deciduous teeth,
other MSC sources

Dental pulp
cell bank

MSCs

Bioartificial liver, other
new technologies

Regenerative medicine for liver
disease including
Acute liver failure
Severe liver cirrhosis
Hepatocytes

Applications for bioartificial liver,
liver-on-a-chip
Extracorporeal circulation for
liver failure
Drug toxicity screening for future
tailor-made medicines

Figure 1 Schematic representation of processes that utilize dental pulp cell bank for future use as hepatocytes. They may be used as cellular sources for
cytotherapies to treat refractory liver diseases or as a component of bioartificial liver aiming at tailor-made applications such as future drug-toxicity screening. A
hepatocyte-like cell induced from dental pulp-derived-mesenchymal stem cells in our laboratory is shown (unpublished data).

could differentiate into hepatocytes. They cultured cells
from deciduous teeth in medium containing HGF, InsulinTransferrin-Selenium-X, and oncostatin M, and found
that they differentiated into cells with an appearance of
hepatocytes and produced albumin. These hepatocytes
were able to metabolize ammonia to urea, suggesting
the presence of a urea cycle. Purification of the cell
fractions positive for CD117 enabled efficient induction
[20]
of hepatocytes . The level of hepatic differentiation in
SHED when compared with bone marrow-derived MSC
[21]
(BM-MSC)s was the same or higher . A recent report
also showed a higher expression of hepatocyte-markers
in DP-MSCs than in BM-MSCs at both the genetic and
[22]
protein levels . We also succeeded in differentiating
DP-MSC into cells with hepatocyte-morphology, by cul
turing them first under the presence of activin A, Nabutylate and fibroblast growth factor, and then insulin,
dexamethasone, and hepatocyte growth factor (un
published results, Figure 1).

despite their promising capabilities. This may partly be
due to difficulties of collaboration between dental and
medical departments.
Cytotherapies with MSCs have been applied for
refractory liver diseases with severe dysfunctions and
[3]
fibrosis . Transdifferentiation of MSCs into hepatocytes
and paracrine mechanisms have been considered to be
[25]
the main effects. Shi et al
reported that 13/15 pigs
with acute liver failure that were administered bonemarrow derived MSCs survived, while none of the
controls did. They showed that 4.5% of cells in surviving
liver were repopulated by MSC-derived hepatocytes,
concluding that MSC paracrine mechanisms as well as
repopulation of hepatocytes by transdifferentiated MSCs
contributed to the effects of MSC treatment.
Paracrine mechanisms, including immunomodula
[26]
tion, have attracted the most clinical attention . As
the immune effects of MSCs are most likely caused by
soluble factors, restriction by HLA in donor selection can
[27]
be ignored . Moreover, DP-MSCs might induce stronger
[28]
immune tolerance than bone-marrow derived MSCs .
There have been several experimental reports that
showed the application of DP-MSCs for liver diseases.
[29]
Ishikiev et al
reported that transplantation of he
patocytes induced by SHEDs into the spleen of rats
with acute and chronic liver failure improved hepatic
functions via transdifferentiation and repopulation of the
[30]
cells. Yamaza et al
also reported that trans-spleen
administration of SHEDs into CCL4-induced cirrhotic
mice significantly improved liver function, inflammation,
and fibrosis. Both studies attributed the effects to the
direct implantation of cells through their differentiation
[31]
into hepatocytes. Ito et al
reported that only condi
tioned medium (CM) from SHEDs resulted in significant
survival effects in rats with acute liver failure due to
D-galactosamine. They reported that the survival effect
of CM on liver failure was induced by anti-inflammatory
M2 macrophages that suppressed hepatocyte apoptosis,
and promoted hepatocyte proliferation. It is important

Cell transplantation therapy
with SHEDs for liver diseases
The effects of MSC-based therapy consist of two major
mechanisms. The first is that MSCs transdifferentiate
into the cells of damaged-tissues and compensate
for organ dysfunction. The second is that, responding
to cytokines from the inflamed tissues, MSCs exert
paracrine functions including immunomodulation and
[23]
tissue repair . MSCs produce a variety of cytokines,
chemokines and growth factors. The immunomodulatory
effects may be one of the main mechanisms of MSC
treatment for acute graft versus host disease that has
[24]
been approved .
To date, about half of the papers describing cyto
therapies with MSCs were those using bone-marrowderived MSCs, followed by umbilical cord blood and
[23]
adipose tissues, and very few were on DP-MSCs ,
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operate as a cell processing facility (CPF) from the
Japanese Government. Extracted teeth from registered
dental clinics are stored in preservation solution and
are sent to the Dental Cell Bank™. Dental pulp cells are
propagated in culture and stored.
The merits of using dental pulp cells for regenerative
medicines, in addition to the general benefits of MSC
(Table 1), are follows: the stock cells are obtained when
in good health and in a minimally-invasive manner, low
cost, and low external radiation exposure because of
their confinement in the enamel.
Although some difficulties remain to be overcome in
order to achieve successful dental cell bank operations
including cost barriers, restrictions imposed by current
preservation technology, and the limitation of operation
method, the promising capabilities of SHEDs and other
tooth-derived sources are supporting the development
of the dental pulp cell banking system.

Table 1 Comparison of benefits and disadvantages among
3 types of cell sources, mesenchymal stem cells, induced
pluripotent stem and embryogenic stem cells
MSC
Proliferation
Differentiation
Gene transfer
Cancer risk
Immune rejection
Paracrine mechanism
Banking
Ethical hurdle

Low
Limited
No
Low
Low
Yes
Easy
Low

iPS cells

ES cells

High
High
Pluripotent
Pluripotent
Yes
No
Not neglected Not neglected
Possible
High
Unknown
Unknown
Easy
Possible
Low
High

MSC: Mesenchymal stem cells; iPS: Induced pluripotent stem; ES: Embryogenic
stem.

to know that only soluble factors, not the use of cells,
induce significant clinical outcomes. Moreover, exosomes
secreted by MSCs have been reported to be effective
[32,33]
in the improvement of liver function and fibrosis
.
Future studies should verify the effects of no-cell-therapy
with conditioned medium or intracellular vesicles on liver
diseases.

Application of hepatocytes from
dental pulp cell bank to tailormade medicine to meet future

Establishment and operation of
dental pulp cell bank

needs
Fulminant hepatic failure is an aggressive disease that
has an extremely poor prognosis. Liver transplantation
may be the only medical method to rescue most patients.
Because the keys of the success of liver transplantation
depend on the acquisition of donor liver, medical bridging
therapies while waiting for the appearance of donor liver
are critical for life-saving. Extra-corporeal circulation
using bioartificial livers that have hepatocytes in the
column to reduce toxic substances such as ammonia that
[36]
can affect consciousness levels have been developed .
Although primary hepatocytes or highly differentiated
hepatoma cell lines were used for the column, significant
survival elongation using bioartificial livers have not
yet been confirmed. Recently, development of artificial
[37]
livers using iPS cells has been reported. Takebe et al
cultured iPS cells with vascular endothelial cells and
macrophages, and succeeded in the creation of an organ
bud or mini-liver. Because DP-MSC-derived hepatocytes
had high proliferation activity, express hepatocyte
nuclear factor 4a (HNF-4a), and metabolize ammonia
to urea (unpublished observation), they are expected to
bear the function of bioartificial livers.
On the other hand, the liver is an organ involved in
drug metabolism. In the era of new medicine develop
ment, there will certainly be a need to predict the adverse
effects of drugs in a tailor-made manner. Because drug
metabolism varies from individual to individual, it is
necessary to use self-hepatocytes to screen for drug
toxicity. Hepatocytes derived from dental pulp cell bank
may suit this purpose. Cells lose differentiation levels
in two dimension or spheroid cultures where diffusion
of materials is the only way to feed the cells. Recently,
microenvironments of the cells in tissues have been

Three cellular resources, embryonic stem (ES) cells,
iPS cells and MSCs, are currently the major candidates
for the clinical application of regenerative medicine. A
comparison of the benefits and disadvantages among
these cellular resources is shown in Table 1. MSCs do not
have higher potential of proliferation or differentiation
than ES cells or iPS cells, some consider them to be
a primary source for regenerative medicine because
of the low possibility of tumorigenesis and the lack of
ethical concerns.
SHEDs are an ideal resource in regenerative medi
cine because of their high capacity, low ethical concerns
[8]
and cost, and re-use concept . In addition, dental pulp
[34]
is viable 5 d after extraction . Not only could they
be used as a low immunogenic source for allogenic
transplantation therapy, but they can also be applied as
[35]
a tailor-made self-source preparing for future needs .
Aiming at the future progress of regenerative me
dicine from ethical and technical aspects, new legislation
was introduced in Japan in 2014. Regenerative medicine
using tissue stem cells including MSCs is classified
as medium risk, while those using iPS or ES cells are
classified as high risk.
The dental pulp cell bank should be officially app
roved under investigation by the regenerative medicine
committee, on the premise of acquisition of informed
consent and act of protection of personal information.
It must fulfill the requirement of Pharmaceuticals and
Medical Devices Agency (PMDA). In Japan, two dental
banks are currently under operation, including the
Dental Cell Bank™ of The Nippon Dental University
which started in 2016 after obtaining permission to
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simulated in the organ-on-a-chip system that reproduces
[38]
the dynamic environments of real tissues . Nakao et
[39]
al
reported liver-on-a-chip that reproduced the cordlike structures of hepatocytes with bile -duct canalicular
[40]
formations. Vernetti et al , succeeded in drug toxicity
screening with construction of a culture system that had
hepatocytes, vascular endothelial cells, immune and
stellate cells. Hepatocytes derived from a dental pulp
cell bank may be a good cellular source of such a threedimensional culture system and may enable people who
deposit their teeth to meet the future use of hepatocytes,
such as in drug screening, while providing an allo-auto
cellular source to cure liver diseases (Figure 1).
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Abstract
Adiponectin is known to play primary roles in the regu
lation of systemic glucose homeostasis and lipid meta
bolism. Interestingly, emerging evidence indicates bene
ficial effects of adiponectin on liver fibrosis; however, the
exact mechanisms of this action remain unclear. Herein,
we aimed to summarize the recent findings regarding the
role of adiponectin in liver fibrogenesis and update the
current comprehensive knowledge regarding usefulness of
adiponectin-based treatments in liver fibrosis. Adiponectin
has been demonstrated to have an anti-fibrotic action in
the liver by blocking the activation of hepatic stellate cellmediated adenosine monophosphate-activated protein
kinase and peroxisome proliferator-activated receptoralpha pathways, which in turn diminish the expression
of pro-fibrotic genes. In addition, hyperadiponectinemia
was noted in patients with various chronic liver diseases
(CLDs)-related liver fibrosis. An increase in circulating
adiponectin levels was also found to be associated with
the development of liver fibrosis, indicating a role of
adiponectin as a non-invasive biomarker for predicting the
progression of liver fibrosis. It is therefore reasonable to
speculate that adiponectin may be developed as a new
therapeutic candidate for the treatment of liver fibrosis.
Nonetheless, future observations are still necessary to
fully elucidate the extent of the effects of adiponectin on

Supported by The Research Chair Grant from NSTDA, No.
P-15-50004; the Center of Excellence in Clinical Virology, No.
GCE 59-00930-005; and Department of Pediatrics, Faculty of
Medicine, Chulalongkorn University and Hospital.
Conflict-of-interest statement: The authors declare that they
have no competing interests regarding the publication of this
paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Yong Poovorawan, MD, Professor, Center
of Excellence in Clinical Virology, Department of Pediatrics, Faculty

WJH|www.wjgnet.com

708

October 27, 2018|Volume 10|Issue 10|

Udomsinprasert W et al . Adiponectin as a biomarker for liver fibrosis

liver fibrotic outcomes, in order to modify adiponectin
as an anti-fibrotic therapy that would speed up fibrosis
reversal in patients with CLD.

the primary source of activated myofibroblasts and portal
fibroblasts, HSCs unsurprisingly take part in enhancing
the synthesis of ECM components and modulating matrix
degradation in the injured liver. Generally, quiescent HSCs
are dormant and their activity is to deposit retinoids.
In response to liver injury, HSCs undergo an activation
process, and become myofibroblast-like cells that sec
rete various cytokines/growth factors and produce ECM
[3]
proteins . Consequently, elucidating the molecular
mechanisms of liver fibrosis and their relevance to HSCs
is of paramount importance for the discovery of new
therapeutic targets.
Adiponectin, a 28 kDa protein adipocytokine, is main
ly produced and secreted into the circulation by white
adipose tissue. The primary function of adiponectin is
the regulation of carbohydrate and lipid metabolism.
However, the full extent of its biological action remains
to be elucidated, with a variety of effects on different
cell and tissue types, including its immune modulatory,
[4]
[5,6]
anti-inflammatory , and anti-fibrotic properties . Re
garding its protective effects, an experimental study de
monstrated the extensive development of liver fibrosis in
[6]
adiponectin-knockout mice . Acting via transmembrane
receptors, adiponectin regulates HSC proliferation, as
well as migration, and induces their apoptosis through
the activation of adenosine monophosphate-activated
[7]
protein kinase (AMPK) . Moreover, adiponectin can at
tenuate HSC activation and suppress the expression of
pro-fibrogenic genes, including collagenⅠ, transforming
growth factor-beta 1 (TGF-β1), and alpha-smooth mus
[8]
cle actin (α-SMA) , leading to the inhibition of liver
fibrogenesis. With such potent effects on HSCs against
liver fibrosis, adiponectin may be developed as a novel
therapeutic agent in liver fibrosis. As adiponectin can
be detected in the circulation and exerts its effects on
various cells, it may have prognostic and diagnostic
value for several human diseases. Interestingly, hyperadi
ponectinemia has been documented as highly prevalent
[9]
in patients with CLD and liver fibrosis , thereby es
tablishing the possible influence of adiponectin levels
in the development and progression of liver fibrosis.
Nevertheless, the underlying mechanisms of association
between hyperadiponectinemia and liver fibrosis have
yet to be completely elucidated. Therefore, the purpose
of this minireview is to summarize an update on experi
mental and clinical studies that have been focused on
the promising beneficial impacts of adiponectin on the
treatment of liver fibrosis associated with many aspects
of CLDs.
The articles published between 2000-2018 were
searched manually from the PubMed and Scopus using
the following keywords or combination of keywords:
“Adiponectin”, “Adiponectin levels”, “Liver disease”, and
“Liver fibrosis”. Initially, titles and abstracts related to the
keywords were screened, and further full articles were
evaluated for inclusion. Human clinical studies of any
design providing circulating adiponectin levels associated
with the severity of liver fibrosis in patients with various

Key words: Adiponectin; Hyperadiponectinemia; Liver
fibrosis; Chronic liver disease; Biomarker
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Adiponectin plays a protective role against the
development of liver fibrosis via inhibition of hepatic
stellate cell activation, induced by specific signal trans
duction pathways. Among patients with chronic liver dis
eases (CLDs), hyperadiponectinemia is associated with
the degree of liver fibrosis. The potential link between
adiponectin and the limited progression of liver fibrosis
has accelerated attraction in seeking adiponectin as a
target for diagnostic detection tools and novel treatment
methods. Nonetheless, additional current therapeutic and
clinical trials of adiponectin in liver fibrosis are needed. In
this context, we reviewed additional potential therapeutic
applications of adiponectin in patients with various CLDs
in the context of liver fibrosis.
Udomsinprasert W, Honsawek S, Poovorawan Y. Adiponectin
as a novel biomarker for liver fibrosis. World J Hepatol 2018;
10(10): 708-718 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v10/i10/708.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.i10.708

INTRODUCTION
Liver fibrosis is a leading cause of morbidity and mor
tality associated with end-stage liver complications in
patients with chronic liver disease (CLD). It is presently
recognized a reversible wound-healing reaction to chronic
hepatic damage. The morphological characteristics
of liver fibrosis include the excessive accumulation of
extracellular matrix (ECM) components, mainly fibrillar
[1]
collagens . The complexity of liver fibrosis has hindered
attempts to understand its pathology, which remains
unclear. However, there is a wide spectrum of stimuli
known to influence liver fibrogenesis, such as drugs, alco
hol abuse, toxins, metabolic disorders, viral infections,
[2]
and cholestasis . If the underlying cause of hepatic
fibrosis cannot be ameliorated, the majority of CLD pa
tients with severe hepatic fibrosis will develop cirrhosis,
hepatic failure, and hepatocellular carcinoma (HCC) and
ultimately require hepatic transplantation. This has driven
researchers toward the search and development of
effective anti-fibrotic approaches focused on constraining
the growth of fibrogenic cells and/or prohibiting the
synthesis of ECM molecules, which would be helpful in
improving the clinical outcomes of patients with CLD.
Hepatic stellate cells (HSCs) are classically recognized as
primary fibrogenic cells in the liver. Given that HSCs are
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CLDs were eligible for this review. Articles not written
in English-language, letters to the editor, case reports/
series, and editorials were excluded from this review. No
restrictions on gender, ethnic background, number of
study subjects, or publishing year were applied.

of two predominant isoforms: adiponectin receptor type
1 (adipo R1) and adiponectin receptor type 2 (adipo
R2). These 2 major receptors have been identified in
numerous tissues. In human tissues, both of them are
observed in the brain and peripheral tissues. However,
adipo R1 is ubiquitously detected, most abundantly in
the skeletal muscle. The major expression of adipo R2
[24]
is in the liver . The adiponectin receptors bind globular
and full-length adiponectin with different affinities. The
adipoR1 has a greater affinity for globular adiponectin,
whereas adipo R2 has an intermediate affinity for both
isoforms. Even though the adiponectin receptors com
prise seven-transmembrane domains, their structure
and functions are distinct from those of G proteincoupled receptors. Physiologically, the engagement of
adiponectin with adipo R1 stimulates the phosphorylation
of AMPK, which results in a concomitant suppression
of energy-consuming biosynthetic pathways, including
lipid synthesis and gluconeogenesis. A second common
pathway activated by the adiponectin-adipo R2 axis is
the peroxisome proliferator-activated receptor-alpha
(PPAR-α) signaling pathway, which regulates fatty acid
[25]
beta-oxidation . Collectively, the aforementioned
pathways boost catabolic processes to renew cellular
energy under conditions of energy stress. From a clas
sical perspective, adiponectin takes part in controlling
glucose and lipid metabolism, through which it exerts a
multitude of beneficial effects such as controlling insulin
sensitivity. It is conceivable that adiponectin interacting
with its distinct receptors influences the stimulation of an
appropriate signaling pathway that becomes different in
liver pathology.

ADIPONECTIN BIOLOGY
Protein structure of adiponectin

Human adiponectin encoded by the Adipo Q gene span
ning 17 kb on chromosome locus 3q27 is a multimeric
protein hormone and exerts diverse biological functions.
The encoded protein comprises an N-terminal signal
sequence being a collagenous domain and a C-terminal
globular domain maintaining biological properties after
[10]
cleavage . Pre-secretion, post-translational mecha
nisms (e.g., hydroxylation and glycosylation) occurring
in the collagenous domain of adiponectin at the four
lysines have been shown to improve the activity of subphysiological levels of insulin, which leads to the inhi
[11]
bition of gluconeogenesis in liver cells . The globular
domains of adiponectin form three major complexes
including trimers, hexamers, and high-molecularweight (HMW) multimers, classically existing in the
[12]
circulation . It seems clear that accurate adiponectin
folding and assembly are an important step in regulating
its complex distribution in the circulation. Although the
different oligomeric complexes distributed in the circu
lation have distinct downstream biological effects on
specific target tissues, HMW adiponectin, the dominant
form in the circulation, is considered a marker for
[13]
disease-associated adipocyte dysfunctions . Among
adipocytokines, circulating levels of adiponectin have
been observed at high levels in healthy individuals, with
approximately 0.01% of the total circulating protein
[14]
ranging from 5 to 30 μg/mL . On the other hand,
hypoadiponectinemia has been previously associated
with metabolic alterations, including insulin resistance,
[15-17]
dyslipidemia, and atherosclerosis
. It is noteworthy
that a physiological level of circulating adiponectin is
important for defense against metabolic disorders and
may be related to other chronic diseases including chro
[18]
nic obstructive pulmonary disease , chronic kidney
[19]
[20]
disease , and knee osteoarthritis . Notwithstanding,
the precise mechanisms regulating adiponectin levels in
the human body remain poorly understood. It has been
suggested that there are multiple factors with important
roles in regulating adiponectin levels in the human body,
including genetics, mechanisms affecting its clearance,
and post-translational modifications associated with
[21-23]
controlling adiponectin gene expression
. Moreover,
the regulation of adiponectin receptors is thought to be
important for facilitating essential physiological functions
of adiponectin.

MULTIFACETED ROLES OF ADIPONECTIN
IN THE LIVER
It is commonly recognized that adiponectin regulates the
metabolism of both glucose and lipid in the liver, and has
been implicated in inhibiting gluconeogenesis, as well as
activating fatty acid oxidation and glycolytic pathways.
These metabolic impacts of adiponectin are activated by
the stimulation of adipo R1 and adipo R2. Following the
binding of adiponectin to its receptors, the downstream
signaling effects of these receptors are associated with
the activation of AMPK and the PPAR-α cascade. As a
crucial downstream effector of Adipo R1, AMPK is es
sentially an energy-sensing gauge that is stimulated by
AMP and inhibited by ATP. Activation of AMPK inhibits
the transcriptional activity of glucose-6-phosphatase
(G-6-Pase) and phosphoenolpyruvate carboxykinase
(PEPCK), which in turn decreases gluconeogenesis. Th
rough the phosphorylation of acetyl-CoA carboxylase
(ACC) converted into an inactive form and malonylCoA catalysis, AMPK also induces fatty acid degradation.
Malonyl-CoA, the product of the carboxylase reaction,
plays an essential role in inhibiting carnitine palmitoyl
transferase-1 (CPT-1), which prevents the transport
of long-chain fatty acyl-CoA into the mitochondria, re

Adiponectin receptors

The adiponectin receptors, through which adiponectin
acts, include seven-transmembrane domains, consisting
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sulting in reduced fatty acid biosynthesis. In addition
to its effects mediated by the inactivation of PEPCK,
G-6-Pase, and ACC signaling, AMPK phosphorylation
can limit the activity of sterol regulatory element bin
ding protein-1c (SREBP-1c), which is a transcription
[26,27]
factor regulating lipid combustion in the liver
. This
action can cause a reduction in hepatic triglyceride
content. It is comprehensible that adiponectin-AMPK
signaling can promote fatty acid catabolism and inhibit
gluconeogenesis and triglyceride production in the
[28]
hepatocytes . In parallel with its stimulation of AMPK,
adiponectin-adipo R2 axis activates the PPAR-α signaling
cascade that increases fatty acid combustion and
energy consumption. This mechanism leads to reduced
triglyceride accumulation in the liver and thus, increased
[29]
insulin sensitivity .
Although the triggering of adipo R1 and adipo R2
reportedly controls glucose and lipid metabolism by the
stimulation of AMPK and PPAR-α signaling cascades,
there are additional signaling molecules related to a wide
range of beneficial systemic effects of adiponectin in the
liver. The pleiotropic actions of adiponectin have been
reportedly associated with the activation of its cognate
[30]
receptor-mediated stimulation of ceramidase activity .
Ceramidase is known to take a primary part in the control
of ceramide and sphingosine metabolism, which results
in the breakdown of ceramide to produce sphingosine for
phosphorylation to sphingosine-1-phosphate. Ceramide
and sphingosine comprise an important class of bioactive
lipids associated with changes in insulin sensitivity,
[31]
[32]
inflammation, and survival . In 2017, Holland et al
also demonstrated the significant involvement of adi
ponectin in declining intracellular ceramide levels, which
was accompanied by increased ceramidase activity.
This peculiar effect of adiponectin-induced ceramidase
signaling was supported in transgenic mice exhibiting an
overexpression of adiponectin receptors. Overexpression
of adiponectin receptors ameliorated ceramidase activity
and induced metabolic improvements in glucose and
[32]
lipid homeostasis, in addition to insulin sensitivity .
These observations provide further evidence regarding
the beneficial effects of adiponectin, especially its insulinsensitizing action, in which adiponectin is activated by
its own receptor-mediated stimulation of ceramidase
activity.
Besides its primary roles in regulating insulin sensi
tivity and fatty acid metabolism, adiponectin has been
shown to possess anti-inflammatory effects. In particular,
adiponectin expands its hepatoprotective effects by
decreasing inflammation through blocking the activation
[33]
of nuclear factor-kappa B (NF-κB)
and suppressing
the release of tumor necrosis factor-alpha (TNF-α),
[4]
which is an inflammatory cytokine . The TNF-α that is
predominantly secreted by HSCs and Kupffer cells in the
liver has a critical effect on hepatic damage, given its
capability to promote inflammation and apoptosis in liver
cells under the appropriate circumstances of oxidative
[34]
stress . Adiponectin also limits the production of inter
leukin-1β, which is a pro-inflammatory cytokine that
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is responsible for liver injury and initiates the secretion
[35]
of interleukin-10 . The anti-inflammatory actions of
adiponectin have also been implicated in macrophage
[36]
dysfunction , through which it suppresses the growth
[37]
and movement of vascular smooth muscle cells
and
[38]
modulates lymphopoiesis . The pleiotropic biological
actions of adiponectin in the liver are illustrated in Figure 1.

Anti-fibrotic action of adiponectin in the liver

One of the critical mechanisms by which adiponectin
exerts an anti-fibrogenic effect on the liver is charac
terized by the induction of the activated phenotype
of HSCs. It has been well established that activated
HSCs constitutively express both types of adiponectin
[39,40]
receptors
, suggesting a potential physiologic action
for adiponectin receptor-mediated liver fibrosis in HSCs.
As described above, the alteration of HSCs into myo
fibroblasts is the keystone event of the pathogenesis of
liver fibrosis during liver injury. Adiponectin was shown to
repress the growth and movement of mouse HSCs stimu
[7]
lated by platelet-derived growth factor (PDGF) , which is
considered a marker for activated HSCs. An experimental
study further demonstrated that adiponectin diminished
the effect of TGF-β1-induced expression of connective
tissue growth factor (CTGF, also known as fibrogenic
gene) on HSCs via suppression of the nuclear trans
location of mothers against decapentaplegic homolog 2
[8]
(SMAD2) . This is important evidence that supports the
hypothesis that adiponectin may have anti-fibrogenic
effects that are independent of metabolic actions. In this
context, overexpression of adipoR2 in mice was found
to have a protective role against the progression of liver
fibrosis via the enhancement of PPAR-α signaling with
[41]
reduced expression of TGF-β1 . Moreover, in cultured
HSCs, the enhancement of adiponectin expression re
markably worsened HSC proliferation, as well as the
expression of α-SMA, and prevented liver fibrosis th
rough the modulation of caspase-mediated HSC apop
[8]
tosis . Adiponectin expression is considerably downregulated in activated HSCs, but it is abundantly present
in the quiescent phenotype, suggesting a permissive
role of adiponectin that favors the quiescent state of
HSCs in the physiology of liver fibrosis. In this regard,
adiponectin diminishes the development of liver fibrosis
by modulating the activity of inhibitor of cytokine
signaling-3 (SOCS-3) mediated by the long-form of the
leptin receptor (Ob-Rb) and inducing the expression and
activation of protein tyrosine phosphatase 1B (PTP1B).
As negative regulators of Janus kinase (JAK)/signal
transducer and activator of transcription (STAT) signaling,
SOCS-3 and PTP1B inhibit JAK-2/STAT-3, which in turn
regulate the formation of extracellular components,
including tissue inhibitor of metalloproteinases-1 (TIMP-1)
[42]
and matrix metalloproteinase-1 (MMP-1) .

ANTI-FIBROTIC ROLE OF ADIPONECTIN
IN CLINICAL PRACTICE
Indeed, adiponectin protects liver injury and reverses
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Given that adiponectin has been shown to have
predominantly hepatoprotective and anti-fibrogenic
effects in conditions of liver injury, whether circulating
adiponectin levels are associated with an increased
risk of development of liver fibrosis in CLD remains
to be determined. Several studies have been focused
on investigating the possible associations between
adiponectin concentration and the stage of liver fibrosis
in various CLDs, including, liver cirrhosis, biliary atresia
(BA), hepatitis C viral infection (HCV), hepatitis B
viral infection (HBV), non-alcoholic fatty liver disease
(NAFLD), and non-alcoholic steatohepatitis (NASH), as
summarized in Table 1. First, in a cross-sectional study
of 232 fasting patients with CLD, serum adiponectin
levels were significantly elevated in patients with cir
rhosis, as compared to those patients with other liver
diseases. Serum adiponectin concentrations were also
positively associated with surrogate biomarkers of liver
fibrogenesis, including transient elastography, fasting
[9]
serum bile acids, and hyaluronate in patients with CLD .
This study supports a recent report in which adiponectin
levels were significantly elevated in patients with
cirrhosis compared to controls and also associated with
[43]
the severity of hepatic dysfunction in those patients .
The possible relevance of adiponectin in CLD has been
attested by our previous studies, which evaluated circu
lating adiponectin concentrations in patients with cho
lestatic BA. A case-control study of 106 patients with BA
[44]
and 40 healthy controls by Udomsinprasert et al
de
monstrated that patients with BA exhibited considerably
greater levels of serum adiponectin than healthy controls.
Notably, serum adiponectin levels were positively cor
related with the degree of liver fibrosis in patients
[44]
with BA . When assessing the relationship between
circulating adiponectin levels and clinical parameters
in patients with BA - particularly liver stiffness scores,
serum adiponectin concentrations were also observed
to be remarkably higher in patients with significant liver
fibrosis than those with insignificant fibrosis, and a direct
correlation of serum adiponectin and the severity of liver
[45]
fibrogenesis was reported .
In addition to its significant involvement in the clinical
outcome of BA with respect to the degree of liver fibrosis,
a number of studies have reported the relationships
between hyperadiponectinemia and the clinical para
meters of liver fibrosis in cohorts with hepatitis viral
[46]
infection. A more recent study by Carvalho et al found
that patients with HCV infection had significantly greater
adiponectin levels than healthy controls. In 2013, Korah
[47]
et al
examined serum adiponectin levels in patients
with chronic HCV genotype 4 associated with steatosis
and fibrosis. They also found that 45 men with chronic
HCV genotype 4 and advanced fibrosis had significantly
increased adiponectin levels, whereas these levels were
remarkably reduced in patients with steatosis. Sumie et
[48]
al
added another piece of supporting data, revealing
that serum adiponectin levels were predictors of liver
fibrosis in patients with HCC, in response to chronic
[49]
HCV infection. Likewise, when Corbetta et al analyzed
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G-6-Pase
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gluconeogenesis
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ACC SREBP-1c

Ceramidase

PPAR-α

Improved
insulin
sensitivity

ACO

TNF-α
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fatty acid
oxidation
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Reduced lipid
synthesis
HSCs activation

Inhibited liver fibrogenesis

Figure 1 The biological effects of adiponectin on the liver. Adiponectin
interacts with adiponectin receptors to prompt a number of signaling
pathways. AdipoR1 and R2 dependent signaling is mediated via adaptor
protein phosphotyrosine interaction (APPL) 1. The signaling activates AMPactivated protein kinase (AMPK), ceramidase activity, and peroxisome
proliferator-activated receptor-alpha (PPAR-α) to suppress the accumulation
of lipids and regulate glucose homeostasis. The adiponectin-adipoR2 axis can
reduce inflammation by inhibiting tumor necrosis factor-alpha (TNF-α) activity.
Importantly, activated adiponectin also limits the activation of hepatic stellate
cells (HSCs) via both AMPK and PPAR-α activation, leading to the inhibition
of liver fibrogenesis. ACC: Acetyl-CoA carboxylase; ACO: Acyl-CoA oxidase;
AdipoR: Adiponectin receptor; fAPN: Full-length adiponectin; gAPN: Globular
adiponectin; PEPCK: Phosphoenolpyruvate carboxykinase; SREBP-1c: Sterol
regulatory element binding protein-1c.

the activation of HSCs in animal models. These effects
support the possibility of its role against liver damage
and fibrogenesis in humans. In pursuit of developing the
clinical advantage of adiponectin as a potential predictor
for the progression of liver fibrosis, a number of studies
have assessed circulating adiponectin levels in a wide
range of CLDs.

Adiponectin as a biological marker for liver fibrosis

Generally, liver fibrosis is a reversible physiologic and
pathologic event in response to chronic liver injury that
leads to liver cirrhosis and eventually end-stage liver
disease. The reversal and prevention of these conditions
have come to be critical endpoints in clinical trials with
novel anti-fibrotic therapies. A liver biopsy has long
remained a definitive diagnostic approach for the staging
of fibrosis; however, highly efficient and specific noninvasive tools to assess liver fibrosis will be necessary
for monitoring the development and progression of
disease. Taking into account the risks for complications
with respect to sampling error from a needle liver biopsy,
there has been enormous interest in the search and
development of noninvasive biological markers. Physical
characteristics of adiponectin, e.g., high stability in the
circulation, little diurnal variation, and great abundance in
the human body have made it a promising biomarker in
medical contexts for clinical investigation, prognosis, and
therapy of liver fibrosis in patients with CLD.
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2013

2011

2011

2009

2015

2007

Korah et al[47]

Sumie et al[48]

Corbetta et al[49]

Derbala et al[50]

Hsu et al[51]

Hui et al[52]

2009

2007

2005

Savvidou et al[56]

Yoneda et al[57]

Musso et al[58]

NASH

NAFLD

NAFLD

NAFLD

NAFLD

HBV

HBV

HCV

HCV

HCV

HCV

187 patients with chronic HBV infection and 187 without chronic
HBV infection
100 patients with HBV

92 patients with chronic HCV genotype 4 and 66 healthy controls

45 untreated men with chronic HCV genotype 4, and 15 healthy
men
97 patients with HCC and chronic HCV infection, and 97 patients
(controls) with underlying disease
54 patients with chronic HCV hepatitis and healthy controls

33 patients with untreated HCV infection and 30 healthy controls

60 patients with BA and 20 healthy controls

106 patients with BA and 40 healthy controls

232 fasting patients with CLD, 64 with NAFLD, 71 patients with
viral hepatitis, 18 patients with autoimmune disease, 3 patients
with alcohol-induced liver disease, 31 patients with elevated liver
enzyme of unknown origin, and 45 patients with cirrhosis
122 patients with cirrhosis and 30 healthy controls

Subjects

Case-control
study
Cross-sectional
study
Cross-sectional
study
Case-control
study

20 patients with biopsy-proven NASH and 45 healthy controls

248 patients with NAFLD and type 2 diabetes

42 patients with NAFLD

70 patients with NAFLD and 69 normal controls

Cross-sectional 36 patients with NAFLD associated with metabolic syndrome and
study
24 metabolic syndrome patients without NAFLD

Case-control
study
Case-control
study
Cross-sectional
study

Case-control
study
Case-control
study
Case-control
study
Case-control
study

Case-control
study
Case-control
study

Case-control
study

Cross-sectional
study

Study design

Adiponectin levels were significantly lower in NAFLD patients with metabolic syndrome than
those patients without metabolic syndrome
Adiponectin levels were associated with metabolic parameters and the degree of liver fibrosis
NAFLD patients had significantly lower serum adiponectin levels than controls
Adiponectin levels were independently associated with liver fibrosis
Adiponectin levels were negatively associated with higher stages of fibrosis
Adiponectin levels were independent predictors of advanced fibrosis
A reduction in levels of serum adiponectin was independently associated with the severity of
hepatic fibrosis in NAFLD patients with type 2 diabetes
Serum adiponectin levels were significantly reduced in the NASH group, as compared to
control groups
Adiponectin levels correlated with the severity of hepatic steatosis and fibrosis

Serum adiponectin levels were remarkably correlated with advanced liver fibrosis in elder male
HBeAg-negative patients
Patients with fibrosis reduction had a marked decline in serum adiponectin levels after antiviral
therapy
Adiponectin levels were significantly correlated with fibrosis stage

Serum adiponectin levels were significantly elevated in hepatic fibrosis, but decreased in
steatosis
Serum total and HMW adiponectin levels were predictors of liver fibrosis in HCC patients, in
response to chronic HCV infection
Serum adiponectin levels were higher in patients with chronic HCV hepatitis
Adiponectin levels were significantly related to the severity of fibrosis in patients with chronic
HCV hepatitis
Adiponectin levels were associated with hepatic fibrosis and inflammation

Patients with CLD had higher adiponectin levels than controls
Adiponectin levels were also associated with the severity of liver dysfunction and worse
prognosis in those patients
Serum adiponectin levels were significantly higher in BA patients than in healthy controls
Adiponectin levels were associated with the severity of fibrosis in BA patients.
BA patients with significant liver fibrosis exhibited remarkably greater serum adiponectin than
insignificant fibrosis
Serum adiponectin was positively correlated with the degree of fibrosis.
Patients with HCV infection had higher adiponectin levels, especially those with women

Adiponectin levels were substantially increased in cases of cirrhosis
Adiponectin levels were positively correlated with surrogate markers of hepatic fibrosis,
including transient elastography, fasting serum bile acids, and hyaluronate

Significant results

CLD: Chronic liver diseases; BA: Biliary atresia; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

2010

Nazal et al[55]

2017

2018

Carvalho et al[46]

Hypoadiponectinemia
Lucero et al[54]

BA

2011

HCV

BA

2012

Udomsinprasert et
al[44]
Honsawek et al[45]

Cirrhosis

CLD

2018

2010

Hyperadiponectinemia
Balmer et al[9]

Diagnosis

da Silva et al[43]

Yr

Reference

Table 1 Summary of studies on the association between circulating adiponectin levels and liver fibrosis in various types of chronic liver diseases
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circulating adiponectin levels in 54 patients with chronic
HCV, they reported increased adiponectin levels. The
investigators also reported that serum adiponectin levels
were further correlated with the severity of liver fibrosis
in those patients. The aforementioned findings suggest
that monitoring adiponectin levels may be employed
to improve care for liver fibrosis in patients with HCV
infection. In support of this hypothesis, a study of
[50]
Derbala et al
also examined circulating adiponectin
levels in patients with chronic HCV. They observed that
adiponectin concentration was directly associated with
hepatic fibrosis and inflammation in the chronic HCV
subjects. In addition, strong evidence for a possible
correlation between adiponectin levels and progressive
liver fibrosis in patients with chronic HBV was recently
[51]
described by Hsu et al . The authors showed that
serum adiponectin levels were independently associated
with the development of liver fibrosis in patients with
HBV. This information supports the observations of Hui
and coworkers, which showed that serum adiponectin
levels were significantly reduced in patients with reduced
fibrosis after antiviral therapy. In particular, adiponectin
levels were also positively associated with the stage
[52]
of fibrosis . All of these findings support the notion
that adiponectin has non-classical metabolic actions,
including a potential capacity to suppress fibrosis and
therefore, may link its role to the development of hepatic
fibrogenesis.
Even though former clinical studies have demon
strated a direct relationship of adiponectin and liver
fibrogenesis in patients with various CLDs, the exact
mechanism responsible for an increase in circulating
adiponectin in liver fibrosis remains uncertain. The pos
sible explanation for these findings might be attributed
to a reduction in its clearance. In CLD patients with liver
fibrosis, declined adiponectin clearance could result
from reduced uptake of adiponectin by liver sinusoidal
endothelial cells (LSECs), which may lead to elevated
adiponectin levels in the circulation. It is widely known
that dysfunction of LSECs is one of pathologic events in
liver fibrogenesis. In the healthy liver, LSECs generally
promote HSCs quiescence. During the process of liver
fibrosis, LSECs undergo phenotypic changes with the loss
of several receptors and LSECs fenestration, leading to
the capillarization of liver sinusoids and the abnormality
[3]
of various substances uptake . It has been shown
that adiponectin levels and adipoR2 expression are de
[53]
creased in the LSECs response to liver injury . These
phenomena may help explain why hyperadiponectinemia
has been observed in CLDs patients with liver fibrosis.
In apparent contrast to the aforementioned studies,
circulating adiponectin levels have been shown to be
reduced in patients with steatosis and steatohepatitis,
such as those with NAFLD and NASH. Most recently,
[54]
Lucero et al investigated systemic adiponectin levels in
36 patients with NAFLD related to metabolic syndrome
and 24 metabolic syndrome patients without NAFLD.
They reported that adiponectin levels were significantly
elevated in NAFLD patients with metabolic syndrome
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when compared to those patients without metabolic
syndrome. Besides, circulating adiponectin levels were
correlated with metabolic parameters and the degree
of liver fibrosis in NAFLD patients. Furthermore, a casecontrol study of 70 patients with NAFLD and 69 healthy
[55]
controls conducted by Nazal et al , explored a possible
correlation between adiponectin levels and NAFLD
pathology. The authors reported that plasma adiponectin
levels were markedly lower in patients with NAFLD
than in controls, and they were inversely related to the
presence of liver fibrosis. The findings of Savvidou et
[56]
al provide support to a negative association between
adiponectin concentrations and higher stages of fibrosis
in patients with NAFLD, suggesting that adiponectin
levels can be used as predictors of advanced fibrosis.
Supporting this finding, a large cohort study of 248
patients with NAFLD and type 2 diabetes found that
reduced adiponectin levels were independently associated
[57]
with the degree of liver fibrosis . Finally, in a casecontrol study of 60 patients with NAFLD and 60 healthy
controls, patients with NAFLD had markedly reduced
plasma adiponectin levels, when compared to controls.
Notably, a decline in adiponectin levels was found to
be closely associated with the degree of liver fibrosis.
[58]
Similarly, when Musso et al
determined adiponectin
levels in 20 patients with biopsy-proven NASH and 45
healthy controls, they observed that low adiponectin
levels were associated with the severity of hepatic
steatosis and fibrosis in patients with NASH. Based on
these findings, hypoadiponectinemia has been proposed
as a contributory factor to the development of metabolic
dysfunction in NAFLD and NASH. The reasons for these
conflicting findings remain unexplained. These are likely
due to differences in populations, disease advancement,
or measurements applied, or to incomplete control of
confounding variables.
The contrasting results regarding hypoadiponec
tinemia in patients with NAFLD and those with NASH
compared to those with other CLDs could be partly at
tributed to the differences in pathophysiology of the dis
eases. Indeed, hypoadiponectinemia has been suggested
to play a pathogenic role in the pancreatic-cell dysfunction
[59]
observed in both NAFLD and NASH , and accumulated
visceral fat can cause a decline in levels of circulating
[60]
adiponectin . Regardless of the role of environmental
and genetic factors, adiponectin appears to be strongly
associated with the hepatic phenotype, which is a major
cause of morbidity in NAFLD. It has also been discovered
that the adiponectin promoter polymorphism rs266729
was associated with the susceptibility of NAFLD, and the
subjects with the GG genotype of rs266729 exhibited
substantially lesser adiponectin values than those sub
[61]
jects with the GC or CC genotypes . It is tempting
to speculate that genetic variation of adiponecin and
lifestyles choices causing visceral fat deposition/obesity
may lead to reduced circulating adiponetin levels in
patients with NAFLD and NASH. From these reports
regarding its significant association with liver fibrosis, it is
apparent that adiponectin levels in the circulation may be
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a prognosticator for the development of liver fibrosis in
various CLDs.

that target adiponectin in the treatment of liver fibrosis
is presently even more important. However, further re
search efforts will be needed to validate the safety and
efficacy of adiponectin before a standardized treatment
regimen can be established.

ADIPONECTIN-TARGETED TREATMENT
FOR LIVER FIBROSIS

CONCLUSION

Given that accumulating data correlate the hepatopro
tective functions of adiponectin with restricting HSC pro
liferation and myofibroblast restoration, which are both
pivotal mechanisms of liver fibrogenesis, increases in
adiponectin levels and its agonists could be an alternative
treatment option for the protection and therapy of liver
fibrosis. Currently, there are two prime approaches to
increase adiponectin concentrations in the body.
Firstly, recombinant adiponectin, or drugs that bypass
adiponectin by directly stimulating AMPK, have been
extensively utilized in preclinical models. For example,
trials utilizing ADP355, which is an adiponectin-like small
synthetic peptide agonist, show promise in inhibiting
tumorigenesis in a mouse xenograft breast cancer mo
[62]
del . Regarding its protective effects on liver fibrosis,
an adiponectin-mimetic peptide analog (ADP355) that
docks into the adiponectin receptors binding pocket,
possesses potency in modulating multiple anti-fibrogenic
mechanisms, in particular, AMPK phosphorylation, and
has been shown to eliminate hepatic fibrosis in mice
with carbon tetrachloride (CCl4)-induced liver fibrosis.
These mechanisms are mediated by the diminishing
expression of pro-fibrogenic genes, including α -SMA,
desmin, CTGF, TGF-β 1, and TIMP-1, but enhanced ex
pression of matrix metalloproteinase-13 (MMP-13) as
[63]
a marker for restructuring of the collagen matrix . In
the light of these considerations, ADP355 may represent
an alternative anti-fibrogenic agent in the treatment of
liver fibrosis. However, due to the lack of clinical data
concerning liver toxicity, further studies assessing the
toxic and off-target effects of this agent will be necessary
to determine the practicability and clinical efficiency of
adiponectin for practical applications
In contrast, one additional method would be to
characterize the classes of substances that could bring
about an increase in the secretion or expression of adipo
nectin. Recently, a few studies have suggested that
activation of PPAR-γ can enhance the expression and
circulating concentrations of adiponectin via regulation
[64]
of gene transcription . The PPAR-γ cascade is therefore
interesting, as it may be associated with direct targets
that can modify adiponectin for potential clinical appli
cations. Among the drugs presently in clinical use that
are PPAR-γ agonists, the thiazolidinediones (TZDs)
exert beneficial anti-proliferative and anti-inflammatory
[65]
effects via PPAR-γ activation , and have been found
to induce adipose tissue to release adiponectin into
[66]
the circulation . As TZDs have been broadly applied
to improve insulin sensitivity in patients with diabetes,
we cannot discern the specific conditions under which
adiponectin has defensive effects against liver fibrosis.
Accordingly, the rigorous identification of new drugs
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The close relationships between the pathology of liver
fibrogenesis and clinical appearance of the disease affirm
the significance of extended basic and translational
studies into the pathogenesis of liver fibrosis. To
date, the development of anti-fibrotic therapies in fi
brosis and/or cirrhosis has been largely unsuccessful.
Considerable research conducted over the past several
years has demonstrated the multifaceted and potentially
contradicting effects of adiponectin as a novel regulator of
liver fibrogenesis. The possible relevance of adiponectin
has emerged from studies in cell cultures and animal
models, in addition to clinical investigations. Indeed,
experimental studies document the multiple effects of
adiponectin on limiting HSC proliferation and suppressing
the expression of pro-fibrogenic genes through specific
signal transduction pathways. The possible effect of
adiponectin against liver fibrosis is supported by clinical
studies that link hyperadiponectinemia to the severity of
liver fibrosis in many liver diseases, including BA, HCV,
HBV, and liver cirrhosis; whereas reduced adiponectin
levels have been reported to be a key factor in the devel
opment of metabolic disorders contributing to NAFLD
and NASH. Based on these observations, adiponectin
could be a plausible noninvasive biochemical marker
identifying the severity of liver fibrosis in patients with
CLDs. However, additional research is warranted to
better comprehend the precise aspect of adiponectin
in the pathogenesis of liver fibrosis, which will help to
develop adiponectin as circulating indicator for distinct
CLD patients who are at risk of developing liver fibrosis.
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device they were able to detoxify 49.3% ± 8.8% of the
initial ammonia overload after 120 min of perfusion (n
= 6), with a detoxification capacity of 13.2 ± 2.2 µmol/
g wet tissue.

Abstract

CONCLUSION
In this work, we demonstrate the importance of adapt
ing the BAL architecture to the biological component
characteristics to obtain an adequate BAL performance.

AIM
To determine the influence of the construction design
over the biological component’s performance in an
experimental bio-artificial liver (BAL) device.

Key words: Bio-artificial liver; Ammonia detoxification;
Device design; Ornithine Transcarbamylase; Rat liver
microorgans; Carbamyl Phosphate Synthetase Ⅰ

METHODS
Two BAL models for liver microorgans (LMOs) were
constructed. First, we constructed a cylindrical BAL and
tested it without the biological component to establish
its correct functioning. Samples of blood and biological
compartment (BC) fluid were taken after 0, 60, and
120 min of perfusion. Osmolality, hematocrit, ammonia
and glucose concentrations, lactate dehydrogenase
(LDH) release (as a LMO viability parameter), and
oxygen consumption and ammonia metabolizing capacity
(as LMO functionality parameters) were determined.
CPSI and OTC gene expression and function were
measured. The second BAL, a “flat bottom” model, was
2
constructed using a 25 cm culture flask while main
taining all other components between the models. The
BC of both BALs had the same capacity (approximately
3
50 cm ) and both were manipulated with the same
perfusion system. The performances of the two BALs
were compared to show the influence of architecture.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This work describes the adaptation of a
simplified bio-artificial liver (BAL) prototype to make
it suitable to house rat liver microorgans (LMOs) as
a biological component, and the evaluation of the
performance in this new model. We demonstrate that
the modification in the design of the artificial parts
employed allows a good performance of LMOs, thus
showing the importance of architecture and model
configuration on the design of these devices. Besides its
application as BAL, this mini bioreactor could serve as
a suitable laboratory tool to evaluate the behavior and
functionality of LMOs subjected to different incubation
conditions due to its simple design and the utilization of
standard materials.

RESULTS
The cylindrical BAL showed a good exchange of
fluids and metabolites between blood and the BC,
reflected by the matching of osmolalities, and glucose
and ammonia concentration ratios after 120 min of
perfusion. No hemoconcentration was detected, the
hematocrit levels remained stable during the whole
study, and the minimal percentage of hemolysis (0.65%
± 0.10%) observed was due to the action of the
peristaltic pump. When LMOs were used as biological
component of this BAL they showed similar values to
the ones obtained in a Normothermic Reoxygenation
System (NRS) for almost all the parameters assayed.
After 120 min, the results obtained were: LDH release
(%): 14.7 ± 3.1 in the BAL and 15.5 ± 3.2 in the NRS
(n = 6); oxygen consumption (µmol/min·g wet tissue):
1.16 ± 0.21 in the BAL and 0.84 ± 0.15 in the NRS (n
= 6); relative expression of Cps1 and Otc : 0.63 ± 0.12
and 0.67 ± 0.20, respectively, in the BAL, and 0.86 ±
0.10 and 0.82 ± 0.07, respectively, in the NRS (n = 3);
enzymatic activity of CPSI and OTC (U/g wet tissue):
3.03 ± 0.86 and 222.0 ± 23.5, respectively, in the
BAL, and 3.12 ± 0.73 and 228.8 ± 32.8, respectively,
in the NRS (n = 3). In spite of these similarities, LMOs
as a biological component of the cylindrical BAL were
not able to detoxify ammonia at a significant level
(not detected vs 35.1% ± 7.0% of the initial 1 mM
+
NH4 dose in NRS, n = 6). Therefore, we built a second
BAL with an entirely different design that offers a flat
base BC. When LMOs were placed in this “flat bottom”
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INTRODUCTION
Bio-artificial liver (BAL) devices are extracorporeal
systems that contain functional hepatic tissue or cells
(the biological component) seeded into a man-made
bioreactor (the artificial component) and separated
[1]
from blood flow by semipermeable membranes . The
aim of these devices is to fulfill the necessary hepatic
functions to keep patients with hepatic failure stabilized
until the regeneration of their own livers or until the
[1,2]
appearance of a compatible donor .
Though the majority of liver functions are performed
by hepatocytes, the other hepatic cellular types (Kupffer,
Pit, stellate or Ito, and sinusoidal epithelial cells) are also
involved and exert some influence over the different
[2]
functions in vivo . Therefore, we became interested in
studying a biological component possessing all these
different liver constituent cells in search of a better
performance of our BAL prototype with respect to a
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previous one designed in our laboratory to house isolated
[3]
hepatocytes . In this sense, liver microorgans (LMOs)
are an appropriate choice mostly because they are
thin slices of tissue that keep the liver structure and its
physiological characteristics and allow a good exchange
of substances with the surrounding liquid and gaseous
[4,5]
environment .
Ammonia elimination from the blood of patients
with liver failure is a key metabolic reaction that
any biological component of an efficient BAL should
accomplish in light of the correlation existing between
this metabolite accumulation and the progression of
[3,6]
hepatic failure . Nonetheless, etiology of hyperammo
nemia can also be from non-hepatic situations, including
[7,8]
[9]
sepsis , urea cycle inborn disorders , complications in
[10]
a hepatic transplantation setting , complications from
[11,12]
[13]
cirrhosis
, and urinary tract infections . Hyperammo
nemia should be quickly treated to avoid brain damage
or even death, and simple hemofiltration is sometimes
[10,11]
not sufficient to cope with it
. In this context, a
device capable of efficiently detoxifying ammonia could
be useful to ameliorate the condition of the patient. Also,
it could be utilized in the non-hepatic situations until
the origin of the complication can be determined and
[6]
controlled .
When studying ammonia detoxification function
displayed by LMOs, we found that these tissue slices
had excellent performance when incubated in su
spension in a shaker. This simple system was called
[14]
the Normothermic Reoxygenation System (NRS) .
Surprisingly, they completely lost this detoxifying ca
pacity in the BAL device when the blood was overloaded
with ammonia.
In our laboratory we had previously designed a
BAL consisting of a cylindrical shaped device to house
[4]
isolated rat hepatocytes as the biological component .
This system showed a good performance and allowed
the maintenance of adequate viability and functionality
of fresh hepatocyte suspensions, and successfully
fulfilling different in vitro tests that constitute the first
[4]
step in the development of any BAL system . In
this work, we present the results obtained when we
enlarged this original prototype to allow accommodation
to the bulkier LMOs, hypothesizing that this was a
straightforward path in the design. However, we
+
showed that the LMOs were unable to detoxify NH4 ,
and therefore had to redesign the artificial component
receptacle to make it suitable to this biological com
ponent. To the best of our knowledge, this is the first
report that evaluates such an essential issue and is
valuable information for scientists studying this field of
research.

component. Step 1: Evaluation of LMO inherent per
formance, mainly regarding ammonia detoxification
[5]
capacity in the NRS (Figure 2A); Step 2: Adaptation
[3]
of the BAL, originally designed for hepatocytes , to
house LMOs on its biological compartment (BC) (Figure
2B). Testing of this prototype without any biological
component establishes its correct functioning. Testing
of this prototype with LMOs as biological component
to establish its performance as BAL, especially in
relation to ammonia detoxification. Comparison with
the results obtained in the NRS; Step 3: Due to the
failure of LMOs to detoxify ammonia in the cylindrical
BAL (in comparison with NRS): development of a
“flat bottom” BAL (Figure 2C). Testing with LMOs as a
biological component to determine the influence of the
BAL configuration and design over the LMO ammonia
detoxification capacity. Other parameters remained
similar to the values encountered for the cylindrical
[15]
BAL and were already published .

LMO obtainment

LMOs were obtained from livers of 60-day-old male
Wistar rats with a weight of 250-300 g. Animals were
given a fourteen day adaptation period to get used to
the experimental laboratory environment, during which
they could access standard rodent laboratory food
and water ad libitum. Rats received care according
to the principles and recommendations given by the
National Academy of Sciences (Argentina). The School
of Biochemical and Pharmaceutical Sciences Institu
tional Animal Care and Use Committee (Universidad
Nacional de Rosario, Res No. 139/2011) approved all
experimental procedures.
Rats were anesthetized (chloral hydrate, 500
mg/kg body weight, i.p.) and the liver was surgically
removed. The right medial lobe was cut into blocks
and LMOs were manually obtained from these blocks
as thin slices (thickness: 338 ± 27 μm, n = 25),
using a disposable microtome blade. We did all the
manipulations over an ice-cooled cutting device to
reduce liver deterioration, and on top of a piece of
filter paper to avoid tissue slippage and ensure the
[14]
accurate cutting of LMOs . After slicing, LMOs were
placed in KH-Base (KHB) solution (KHB, Table 1) and
were pre-incubated for 15 min before loading into the
NRS or the BAL prototype. The different KH solution
compositions are shown in Table 1. KHB media was
used for the LMO obtaining procedure and during the
pre-incubation period.
LMOs have been characterized regarding histology,
[5,14]
water content, and viability (published results
).
They were weighted for normalization of results and
their weights were 0.070 ± 0.020 g (n = 25), showing
size consistency.

MATERIALS AND METHODS
Experimental design

NRS

To evaluate the biological component inherent per
formance before introducing it into our BAL, we

Figure 1 summarizes the path followed to develop a
BAL prototype suitable for using LMOs as the biological
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LMOs in the
NRS

1

Ammonia
detoxification

3
Hepatectomy

Re-design

Cut of the
LMOs

LMOs in the
flat bottom BAL
Ammonia
detoxification
LMOs in the
cylindrical BAL

to similar levels to what was
observed for LMOs in NRS
and, in parallel studies, in a
cylindrical BAL containing
hepatocytes as biological
component

2

Ammonia
detoxification

Figure 1 Schematic representation of the steps followed to arrive to the design of a “flat -bottom” bio-artificial liver device suitable to support the
appropriate performance of liver microorgans as the biological component. Liver microorgans (LMOs) were obtained from Wistar rat livers: (1) Evaluation of
LMO performance parameters in Normothermic Reoxygenation System; (2) Evaluation of LMO performance in cylindrical bio-artificial liver (BAL) and finding that they
were unable to detoxify an ammonia overload in the test blood; (3) Evaluation of LMO performance in the newly designed “flat -bottom” BAL that proved suitable to
support ammonia detoxification function. LMO: Liver microorgan; NRS: Normothermic Reoxygenation System; BAL: Bio-artificial liver.

A

B
Lp
Blood in

BC

Blood out
Bsp

Ox
Ap1

Ap2

O2/CO2

D

C
Blood in

Blood out

External oxygen supply
control device

Bsp

Lp

Peristaltic
pump
O2/CO2

Blood
reservoir

Ox
BC

Dubnoff
shaker bath

BAL

Figure 2 Devices used to analyze liver microorgan performance. A: Liver microorgan (LMO) disposition in the Normothermic Reoxygenation System (NRS).; B:
Cylindrical shaped bio-artificial liver (BAL).; C: “Flat bottom” shaped BAL.; D: Perfusion system components. BC: Biological compartment; Lp: LMO loading port; Ap 1
and 2: Biological compartment access ports; Bsp: Blood sampling port; O2/CO2: Carbogen supply; Ox: Silicone oxygenating tube.

tested LMOs in a NRS (Figure 2A). In the NRS, they
were maintained in Krebs-Henseleit (KH) solution
at 37 ℃ under carbogen atmosphere (95% O2: 5%
[5]
CO2) using a six-well culture plate for 120 min . To
+
determine LMO NH4 metabolizing capability, we added
+
an ammonia overload (1 mmol/L approximate NH4
[16]
final concentration ) to KH-ammonia solution (KHA,
Table 1) from a concentrated ammonium chloride
solution (approximate concentration: 350 mmol/L).
This ammonia overload is far in excess of the level of
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this metabolite encountered in plasma of patients with
liver failure (approximately 0.2 mmol/L). We chose
this condition of work to challenge LMOs because
they are supposed to deal with continuously infused
plasma when applied to animal models of hepatic
[16–18]
failure or patients in the future
. The exact amount
of ammonia in KHA solution was then determined, as
explained later in this section.
LMO disposition in the NRS is shown in Figure
2A. Two LMOs were placed on each well with 5 mL
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connector (Nalgene, # 6152–0375) onto its tap and a
plain connector (S/P silicone tube, 6.4 mm i.d., 11.2
mm o.d., and 2.4 mm wall) on one side, to assemble
TM
®
the 140 hollow fibers (Polyamix , GAMBRO ). The loading
port (Lp) was introduced on its top surface and the
oxygenating tube (Ox) (silicone tubing, 0.078 in. i.d.,
0.125 in. o.d.; cat. no. T5715-9, Baxter Healthcare Corp.,
Deerfield, IL, United States) access the BC through the
free branch of the Y-connector. Both prototypes of BALs
were tested using the perfusion system (Figure 2D).
The peristaltic pump ensured ram blood recirculation
from its reservoir passing through a clot filter/bubble
trap before entering the hollow fibers. The perfusion
system was kept at 37 ℃ by the thermostatic bath.

Table 1 Composition of the different Krebs-Henseleit
solution used
Components
NaCl
KH2PO4
KCl
MgSO4
CaCl2
HEPES
NaHCO3
Glucose
Allopurinol
Fructose
Glycine
Adenosine
Ornithine
Sodium lactate
pH
mOsm/kg H2O

KHB solution

KHA solution

114 mmol/L
1.2 mmol/L
4.8 mmol/L
1.2 mmol/L
1.5 mmol/L
10 mmol/L
25 mmol/L
25 mmol/L
1 mmol/L
5 mmol/L
7.4
293 ± 6 (n = 10)

114 mmol/L
1.2 mmol/L
4.8 mmol/L
1.2 mmol/L
1.5 mmol/L
10 mmol/L
25 mmol/L
25 mmol/L
1 mmol/L
5 mmol/L
3 mmol/L
10 µmol/L
6 mmol/L
10 mmol/L
7.4
328 ± 5 (n = 10)

System operation protocol

First of all, a sample of ram blood (basal blood) was
taken before adding the ammonia overload and filling
the blood perfusion system by the aid of a peristaltic
pump (blood volume: approximately 35 mL). The BC
was then filled with KHA alone (to test the bioreactor
performance) or with KHA plus 1 g of LMO. Samples
of blood and BC fluid were taken after 0, 60, and 120
min of perfusion to assay the different parameters
mentioned below. Blood samples were centrifuged at
12000 × g for 3 min in a mini spin centrifuge.
During the experiments (BAL runs), the device
was operated in horizontal position, immersed in the
Dubnoff shaker bath at 37 ℃ stirred at 60 cycles/
min. Carbogen gas pressure was kept at 85 mm Hg
to introduce oxygen in the BC media via the silicone
tube oxygenator, and in this way pH was maintained
at 7.40 ± 0.10, which was controlled throughout the
run. The blood maintained proper oxygenation, and its
recirculation flow rate was maintained at 9 mL/min.
All the devices designed were subjected to two
different types of studies: (1) without any biological
component, to establish the adequate functioning
[4]
of the device and the perfusion system ; and (2)
with biological component, to determine if the chosen
biological component could accomplish ammonia
detoxification.

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; mOsm/kg
H2O: Osmolality; KHB: KH-Base solution; KHA: KH-ammonia solution.

of KHA solution plus the ammonia overload, and the
plate was then introduced in a Dubnoff metabolic
shaker maintained at 37 ℃ and stirred at 60 cycles/
min. Samples of tissue and the bathing solution were
taken after 0, 60, and 120 min to evaluate lactate
dehydrogenase (LDH) release, oxygen consumption,
[5]
and ammonia metabolism . This system is intended
to evaluate the biological component performance and
condition per se in a simpler and less stressing manner
than in the BAL device.

The cylindrical shaped BAL designed to house LMOs as
biological component
[4]

The device designed for hepatocytes was modified
to use LMOs as biological component (Figure 2B). It
was constructed with a cylindrical plastic cartridge
TM
that contained 120 to 140 hollow fibers (Polyamix ,
®
GAMBRO ) assembled to the ends of the cartridge by
two Y-connectors (Nalgene, # 6152–0375) connected
to S/P silicone tubes (6.4 mm i.d., 11.2 mm o.d., and
2.4 mm wall). Two Teflon large catheters (14 gauge,
2 mm i.d.) and an oxygenator (Ox) made of oxygen
permeable tube (silicone tubing, 0.078 in. i.d., 0.125
in. o.d.; cat. No. T5715-9, Baxter Healthcare Corp.,
Deerfield, IL, United States) were assembled through
the Y-connectors. LMOs were seeded through an
access port (Lp, Figure 2B) in the space outside the
3
fibers (BC capacity: approximately 50 cm ), while ram
blood (obtained from animals in the animal house
facility of our school) circulated along the inner space
of the fibers (the blood compartment).

Study of system performance

In experiments without LMOs, we first checked the
correct system functioning by evaluating the following
parameters: (1) hematocrit of blood samples after
centrifugation (10000 × g for 3 min, Rolco CH24
centrifuge), as the percentage of volume that red cells
represent from the total (blood cells + plasma). It was
used to evaluate fluid exchange and the occurrence of
hemolysis during perfusion; (2) osmolality of plasma
and extra-fiber fluid was determined with a freezing
point osmometer (Osmomat 030 Gonotec, GmbH,
Berlin, Germany) to check the proper passage of fluids
through the fiber walls; and (3) glucose and ammonia
concentrations were assessed as described below

The “flat bottom” BAL to house LMOs as biological
component

We constructed a device with a flat base BC using a
2
[15]
standard 25 cm culture flask as shown in Figure 2C.
The culture flask was adapted introducing a Y-shape
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Table 2 Sequences of the primers employed
Primers
Cps1 5’-ATCTGAGGAAGGAGCTGTCT-3’ (sense)
Cps1 5’-AAAACCACTTGTCAATGGAT-3’ (anti-sense)
Otc 5’-ATGACAGATGCAGTGTTAGC-3’ (sense)
Otc 5’-CAGGATCTGGATAGGATGAT-3’ (anti-sense)
Actb 5’-CAACCTTCTTGCCAGCTCCTC-3’ (sense)
Actb 5’-GACGAGCGCAGCGATATC-3’ (anti-sense)
Rn18S 5’-TAACCCGTTGAACCCCATT-3’ (sense)
Rn18S 5’-CCATCCAATCGGTAGTAGCG-3’ (anti-sense)
Gapdh 5’-CCATCACCATCTTCCAGGAG-3’ (sense)
Gapdh 5’-CCTGCTTCACCACCTTCTTG-3’ (anti-sense)

and their mass balance was calculated to monitor the
adequate exchange of metabolites between blood and
the BC in the device.

Genbank access number

120 bp

NM_017072

120 bp

NM_013078

79 bp

NM_031144.2

150 bp

X01117

576 bp

NM_017008.4

where: QB,t and QBC,t are the ammonia mass in blood
and the BC solution at time t, respectively; [A]B,t and
[A]BC,t represent respective ammonia concentrations in
blood and BC fluid; VB,t and VBC,t are, respectively, the
volumes of blood and the BC fluid at each time, and
QT,t is the total ammonia mass at the different assayed
times.
Then, we calculated the percentage of ammonia
initial dose metabolized at each time with the sub
sequent equation:
Initial Dose Detoxified (%) = 100 – [QT,t × 100/ QT,0]
Also, we estimated the µmol of ammonia detoxified
per gram of LMO as follows:
Ammonia Detoxification (µmol/g wet tissue) = (QT,0 –
QT,t)/ PT
where PT represents the mass of LMOs in grams.
In the case of the NRS, ammonia concentration
was determined in the LMO bathing solution and the
equations applied were:
Initial Dose Detoxified (%) = 100 – [(Qt × 100)/ Qi]
Ammonia Detoxification (µmol/g wet tissue) = (Qi –
Qt)/ PT
where Qi and Qt represent the amount of ammonia
measured at the beginning of the experiments and
after t minutes, respectively, and PT is the total weight
of LMOs in grams.

Hemolysis assessment

The quantity of hemoglobin in plasma samples obtained
after 0, 60, and 120 min of perfusion was assessed
using the oxyhemoglobin method as previously desc
[19]
[20]
ribed . The equation proposed by Arnaud et al was
then used to calculate hemolysis percentage as follows:
Hemolysis (%) = 100 × [(HbS × (1 - Ht))/HbT]
where HbS represents the sample hemoglobin contents,
in g/100 mL; HbT is the total hemoglobin content
determined in whole blood, and Ht represents the
respective hematocrit value.

Glucose level determination

This parameter was assessed with a commercially
available kit (“Glicemia Enzimática AA”, Wiener
Laboratories, Rosario, Argentina), as instructed in the
information leaflet.

LDH release quantification

We used LDH release as a LMO viability parameter.
This enzyme activity was determined in the KH
incubation solution and in the liver slices as previously
[21]
described . Results are shown as the percentage
of the total enzyme activity released to the bathing
media.

Cps1 and Otc expression analysis

As part of the LMO ammonia metabolism study, we
determined the mRNA and activity levels of Carbamyl
Phosphate Synthetase Ⅰ (CPSI) and Ornithine Trans
carbamylase (OTC) that catalyze the first and second
steps of the urea cycle, respectively.
Total RNA extractions were performed using
TM
TriReagent (Sigma Chem. Co., St. Louis, United
State) and following the instructions provided by the
manufacturer. We carried out reverse transcription
[23]
and semi-quantitative PCR as previously described .
In Table 2, the base sequences of the primers used
for the study of each gene expression are listed. We
-ΔΔCT
applied the 2
method to obtain relative expression,
using Glyceraldehyde Phosphate Dehydrogenase
(Gapdh), β-Actin (Actb) and rRNA 18S (Rn18S) as
reporter mRNAs to normalize the values. Each sample
was analyzed in triplicate, and its template cDNA initial

Ammonia level assessment

Samples were stored in liquid nitrogen until ammonia
quantification was done using the enzymatic method
[22]
described by van Anken . The reaction media (0.8
mL) was composed of 66.7 mmol/L phosphate buffer,
pH = 8.30, 0.14 mmol/L NADPH, 6.5 mmol/L sodium
α-ketoglutarate, 2.5 mmol/L ADP, and 120 UI/mL
glutamate dehydrogenase (cat. #G2626, Sigma
Aldrich, St. Louis, MO, United States).
In the BAL, ammonia mass balance was calculated
using the equations described next:
QB,t = ([A]B,t × VB,t) – ([A]B,Bas × VB,t)
QBC,t = ([A]BC,t × VBC,t) - ([A]BC,Bas × VBC,t)
QT,t = QB,t + QBC,t
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[5]

quantity was expressed relative to a reference sample,
considered 1X. This reference sample was taken at time
0.

2A . Once was established, their ability to metabolize
ammonia (detoxification of 35.1% ± 7.0 %, or 14.3 ±
3.6 µmol/g wet tissue, after 120 min incubation, n = 6),
we modified the cylindrical BAL, originally designed to
contain hepatocytes, in order to accommodate LMOs
on its BC.
The cylindrical shaped BAL for LMOs is shown in
Figure 2B. The hollow fiber cartridge configuration is
maintained: blood circulates inside the fibers and LMOs
are placed in the compartment delimited between
the plastic receptacle and the fiber outer surfaces,
3
3
but this BC has a larger capacity (50 cm vs 9 cm in
the previous model). Also, a bigger loading port (Lp
in Figure 2B) was assembled to the plastic cartridge.
Both, Lp and BC capacity are larger than in the original
[4]
BAL to allow easy LMO loading and retrieval, and
to accommodate the biological material, respectively.
In both designs, approximately 140 hollow fibers are
aligned inside the cartridge connected to two Y-shaped
connectors.
We studied the functioning of the device and the
perfusion system in experiments without a biological
component. The values obtained for the different
parameters assayed can be seen in Table 3 (n = 6
independent runs). Hematocrit values and osmolality
ratios remained stable during the 120 min of perfusion
and, though there was an increment in the percentage
of hemolysis, it was minimal. Ammonia and glucose
could readily cross the fiber walls because their
concentrations in both compartments evened out after
120 min. Total ammonia mass (QNH4+) did not change
during experiments.

CPSI and OTC enzymatic activity determination

To determine CPSI activity we performed the Pierson’s
[24]
colorimetric test that involves the reaction of carbamyl
phosphate and hydroxylamine to obtain hydroxyurea.
An enhanced colorimetric test for ureido compounds
allows the quantification of the hydroxyurea produced
due to the chromophore absorbance measurement at
458 nm. CPSI activity is expressed as U/g of wet tissue,
being U the μmoles of carbamyl phosphate produced
per minute at 37 ℃.
OTC activity was measured with the method desc
[25]
ribed by Ceriotti
as the rate of citrulline formation
from ornithine and carbamyl phosphate is catalyzed
by OTC. The quantity of citrulline produced was de
termined by the diacetyl monoxime-antipyrine reaction
and OTC activity was also expressed as U/g of wet
tissue, where U represents the μmoles of citrulline
synthesized per minute at 37 ℃.

Oxygen consumption

Samples of LMOs were taken at different times (0,
60, and 120 min) from the NRS or the BAL prototype
and were put into a thermostized oxygen electrode
chamber constructed in our laboratory, filled with
respiration media (KH plus 10 mmol/L HEPES and
[14]
2 mmol/Lm pyruvate, pH = 7.40 at 36 ℃) . The
oxygen levels in the incubation media were measured
using a Clark-type oxygen electrode (YSI 5300, Yellow
Spring, OH, United States). After a 2 min stabilization
period, the endogenous respiration rate was recorded
and calculated over a 5 min period. Results are
[14]
expressed as μmol O2/min/g wet tissue .

Cylindrical shaped BAL: performance with LMOs as a
biological component

After determining that the BAL was functioning cor
rectly without a biological component, the modified
device was tested with LMOs to establish its capacity
to keep these tissue slices functional and viable for 120
min of perfusion.
As a viability parameter, we assayed the release of
the cytosolic enzyme LDH. The values measured for
LMOs in the BAL prototype are shown in Table 4 (n =
6 independent LMO preparations in separate runs),
[5]
compared to the values obtained in the NRS (n = 6
different LMO preparations). In our BAL, the amount
of LDH release increased with perfusion time. A similar
pattern was observed in the NRS and no difference
was detected when both systems were compared,
reaching almost the same percentages after 120 min
(14.7% ± 3.1% for the BAL prototype and 15.5% ±
3.2% for the NRS).
Respiratory activity determination constitutes a very
specific metabolic test to evaluate tissue functionality
[26]
and notice the existence of hidden damages . LMOs
were taken out at different times and put into an
oxygen chamber to test their oxygen consumption
capacity (Table 4, n = 6 LMOs taken at each time,

Statistical analysis

Results are expressed as mean ± SD. Data was
analyzed using one-way or multifactor analysis of
variance with Scheffe’s multiple range tests as posttest. Differences between means were considered
statistically significant when P ≤ 0.05. Dr. Lucas D
Daurelio (Estadística, Facultad de Cs. Bioquímicas y
Farmacéuticas, UNR) has designed and supervised the
statistical analysis performed in this work.

RESULTS
Cylindrical shaped BAL for LMOs: Performance without
biological component

As was formerly explained, the first BAL constructed
in our laboratory was designed to house hepatocyte
suspensions as the biological component and showed
[4]
a good performance . In order to evaluate the use
of LMOs as alternative biocomponent of our BAL
prototype, we first studied their viability and functio
nality in a simpler model, the NRS, as shown in Figure
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1

Table 3 Functional parameters of the cylindrical shaped bio-artificial liver (n = 6 independent runs)
Perfusion time

+

+

OsmB/OsmBC

Ht (%)

Hemolysis (%)

[Glucose]B/[Glucose]BC

[NH4 ]B/[NH4 ]BC

QNH4+ (µmol)

0.95 ± 0.05
0.99 ± 0.01
1.00 ± 0.01

43 ± 3
42 ± 6
38 ± 2

0.12 ± 0.06
0.30 ± 0.08
0.65 ± 0.10

0.12 ± 0.01
0.81 ± 0.03
0.94 ± 0.02

23.2 ± 1.2
1.4 ± 0.4
1.2 ± 0.2

31.1 ± 3.9
31.1 ± 4.2
31.3 ± 3.8

0 min
60 min
120 min
1

The cylindrical bio-artificial liver designed for liver microorgans functioning without any biological component. B: Blood; BC: Biological compartment; Ht:
Hematocrit.

Table 4 Viability and functional parameters evaluated for liver microorgans in the cylindrical shaped bio-artificial liver and the
Normothermic Reoxygenation System (n = 6 different liver microorgan preparations in independent bio-artificial liver runs/
Normothermic Reoxygenation System incubations)
Evaluated parameters
Time (min)
Model

Cylindrical BAL
NRS

LDH release (%)
0
1.9 ± 0.9
2.6 ± 0.1

Oxygen Consumption (µmol/min·g wet tissue)

60
9.4 ± 3.0a
8.3 ± 1.2a

120
14.7 ± 3.1a
15.5 ± 3.2a

0
1.21 ± 0.24
1.13 ± 0.11

60
1.15 ± 0.20
0.85 ± 0.15c

120
1.16 ± 0.21
0.84 ± 0.15c

a

P < 0.05, different from other times; cP < 0.05, different from time 0. BAL: Bio-artificial liver; NRS: Normothermic Reoxygenation System; LDH: Lactate
dehydrogenase.

Table 5 Relative gene expression of Cps1 and Otc for liver microorgans in the cylindrical shaped bio-artificial liver and the
Normothermic Reoxygenation System (n = 3 different liver microorgan preparations in independent bio-artificial liver runs/
Normothermic Reoxygenation System incubations)
Cps1

Relative gene expression
Time (min)
Model

Cylindrical BAL
NRS

0
1.05 ± 0.17
1.00 ± 0.24

Otc

60
0.84 ± 0.09
0.96 ± 0.12

120
0.63 ± 0.12
0.86 ± 0.10

0
1.02 ± 0.26
1.00 ± 0.20

60
0.87 ± 0.21
0.87 ± 0.16

120
0.67 ± 0.20
0.82 ± 0.07

BAL: Bio-artificial liver; NRS: Normothermic Reoxygenation System; Cps1: Carbamyl phosphate synthetase Ⅰ; Otc: Ornithine transcarbamylase.

Table 6 Carbamyl phosphate synthetase Ⅰ and ornithine transcarbamylase enzymatic activity in the cylindrical shaped bio-artificial
liver and the Normothermic Reoxygenation System (n = 3 different liver microorgan preparations in independent bio-artificial liver
runs/Normothermic Reoxygenation System incubations)
Enzymatic activity
Time (min)
Model

Cylindrical BAL
NRS

CPSI (U/g wet tissue)
0
2.48 ± 0.62
2.47 ± 0.60

60
2.72 ± 0.61
2.82 ± 0.76

OTC (U/g wet tissue)
120
3.03 ± 0.86
3.12 ± 0.73

0
241.7 ± 12.6
209.7 ± 33.2

60
235.1 ± 11.9
251.8 ± 29.4

120
222.0 ± 23.5
228.8 ± 32.8

CPSI: Carbamyl phosphate synthetase Ⅰ; OTC: Ornithine transcarbamylase; BAL: Bio-artificial liver; NRS: Normothermic Reoxygenation System.

coming from different preparations in independent
BAL-runs/NRS-incubations). This parameter remained
stable during the 120 min of perfusion in the BAL
and again no difference was observed compared to
the NRS, even though in this system there was a sig
nificant decrease at 60 min and 120 min compared to
the initial value.
Any biological component employed in a BAL must
face and deal with the high levels of ammonia in
the blood of the patients to be treated because the
accumulation of this metabolite is associated with
[3]
the progression of hepatic failure . Therefore, we
analyzed different parameters related to ammonia
metabolism in LMOs. Relative gene expression and
activity of CPSI and OTC, two key enzymes of the urea
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cycle, were studied and the results obtained are shown
in Tables 5 and 6 (n = 3 different LMO preparations
in independent BAL-runs/NRS-incubations). The
levels of mRNA and activity for both enzymes did not
significantly change after 120 min of perfusion in the
BAL prototype. In addition, there were no significant
differences in the levels measured for LMOs in the
[5]
NRS , indicating proper enzyme quantities to perform
ammonia detoxification. However, despite all these
similarities, when the LMOs were used as the biological
component of the cylindrical shaped BAL they were
unable to metabolize ammonia (Table 7), while in
the NRS they detoxified 22.2% ± 5.5% and 35.1%
± 7.0% of the initial dose after 60 min and 120 min,
respectively (n = 6 different LMO preparations).
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bottom” BAL showed a significantly decreased level of
ammonia detoxification compared to hepatocytes in
the cylindrical model (Table 7). However, after 120 min
both models had similar metabolizing capacities. Rat
hepatocyte isolation and incubation in the cylindrical
[4]
BAL were performed as already reported by our group
(routine protocol for hepatocyte isolation is shown in
Figure S1; and cylindrical BAL operation in Figure S2).

Table 7 Ammonia detoxification capacity (μmol/g wet tissue)
for fresh liver microorgans and hepatocyte suspensions used
as biological component of the “flat bottom” and cylindrical
bio-artificial livers (n = 6 different liver microorgan/
hepatocyte preparations in independent runs)
Ammonia detoxification capacity (µmol/g wet tissue)
Time (min)
60
120

Flat bottom BAL
LMOs
8.1 ± 1.2a
13.2 ± 2.2

Cylindrical BAL
LMOs
Hepatocytes
ND
12.5 ± 1.8
ND
18.6 ± 4.9

DISCUSSION

a

P < 0.05, different from hepatocytes at time 60 min. 128 × 106 hepatocytes
= 1 g of liver. ND: Not detectable, means that the total ammonia mass
remained equivalent to the 100% of initial dose at the indicated times;
LMO: Liver microorgan; BAL: Bio-artificial liver.

The first step before using LMOs in our BAL device
was the adaptation of the prototype designed for
hepatocytes, and testing it without any biological
components. The results obtained (Table 3) demon
strated a proper exchange of fluids between the blood
and the BC since the relationship between osmolality
and the hematocrit values remained stable during
the 120 min of perfusion. Also, it can be appreciated
that solute transport functioned properly in both
directions: ammonia diffused from blood to the extrafiber fluid, while glucose flowed the opposite way,
almost matching their concentrations during the initial
hour (Table 3). We did not detect unspecific loss of
ammonia or interaction with any part of the device
(QNH4+ remained constant) and the small percentage
of hemolysis measured can be attributed to the action
of the peristaltic pump. Taken together, the results
showed that the cylindrical shaped device made in
our laboratory, with its simple design, could be easily
adapted and scaled up, which is a very important
issue in the construction of a BAL intended for clinical
application.
After corroborating the proper functioning of the
device, we performed several experiments with LMOs
as its biological component. The results of these tests
were unexpected: LMOs showed satisfactory viability
levels (assayed by LDH release), oxygen consumption
capacity did not change during the perfusion, and
conserved levels of transcripts and adequate enzymatic
activities of CPSI and OTC, but they were not able to
metabolize ammonia in a significant amount. Even
more astonishing was the fact that all the assayed
parameters showed similar values to the ones de
[5]
termined in the NRS , where LMOs could detoxify
+
35.1% ± 7.0% of the initial 1 mmol/L NH4 dose after
120 min.
When adapting the cylindrical BAL model to house
LMOs as a biological component, we found that, in spite
of the shaking applied, LMOs piled up over each other
at the bottom of the cartridge in an array that could
prevent the correct exchange of nutrients, oxygen, and
metabolites. Furthermore, the experiments in the NRS
were accomplished in flat wells in 6-well multi dishes.
Then, we came up with the idea of mimicking the NRS
configuration, and developed a BAL prototype with
a flat surface BC. We reasoned that this geometrical
disposition would allow LMOs to adopt a looser, not

Cylindrical vs “flat bottom” shaped BAL prototypes: The
importance of architecture

We hypothesized that the LMOs were unable to
metabolize ammonia in the cylindrical shaped device
was not related to the biological component because
all the other functionality and viability parameters were
similar to the NRS. Therefore, the problem could be
due to the artificial part of the device, specifically the
BC. To test this hypothesis, we decided to change the
BC architecture of our BAL and mimic the configuration
and disposition of the LMOs in the NRS (Figure 2A).
The result was the design of a BAL prototype with a
completely different shaped BC: The “flat bottom” BAL
displayed in Figure 2C. Instead of using a cylindrical
2
plastic cartridge, we utilized a 25 cm culture flask
that offers a flat base BC where LMOs adopt a similar
distribution as the one in the NRS. All the other
components and materials utilized were the same in
both devices, including the perfusion system. This “flat
bottom” BAL performed well in experiments without a
[15]
biological component .
Ammonia detoxification was the key task that
LMOs could not perform in the cylindrical shape BAL.
When they were evaluated in the “flat bottom” BAL,
fresh LMOs were able to metabolize 32.1% ± 2.2%
+
and 49.3% ± 8.8% of the initial NH4 dose at 60
min and 120 min, respectively (n = 6 different LMO
[15]
preparations in independent runs) , results that
support the importance of architecture.
According to the results, the devices designed
in our laboratory could be successfully incorporated
into BAL systems depending on the chosen biological
component. In Table 7, we compare both ammonia
detoxification capacities between LMOs in the “flat
bottom” and cylindrical BAL prototypes as well as with
hepatocyte suspensions in our previous cylindrical
BAL (n = 6 different LMO/hepatocyte preparations in
independent runs). For the purpose of comparison
between the different biological components (LMOs
vs hepatocytes), we performed calculations using the
6
following equivalence: 128 × 10 hepatocytes = 1 g of
[27–29]
liver
. After 60 min of perfusion, LMOs in the “flat
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stacked distribution that would benefit the exchange
mechanisms between LMOs and the bathing media.
In this way, provided that the volume of the BC is
3
equivalent to that of the previous prototype (50 cm ),
this flat bottomed device offers a surface that allows
an enhanced bathing and shaking of plane LMOs due
to their better distribution.
When we tested fresh LMO ammonia detoxification
efficiency in this new “flat bottom” BAL, the results
obtained supported our hypothesis. They were able
to detoxify 49.3% ± 8.8% of the initial ammonia
[15]
overload after 120 min of perfusion , contrary to
the LMOs applied to the cylindrical BAL (Table 7).
This observation demonstrates the importance of
adjusting the architecture and design of the artificial
compartment to a given biological component in order
to obtain an optimal BAL performance. Although
we cannot rule out other factors influencing LMO
detoxification activities that remained unnoticed, the
only change between the cylindrical and flat bottom
BALs was the shape of the BC. The BC volume,
shaking speed, blood flow velocity, oxygen tension,
and the brand of fibers used in their construction were
identical.
Both systems published, i.e., the cylindrical
[4]
one operating with isolated hepatocytes and the
[15]
“flat bottom” one operating with LMOs , function
satisfactorily in relation to ammonia detoxification
(Table 7) and, according to the needs of the patient,
could be optionally selected in the future. The device
could also be used as a suitable mini-bioreactor to
analyze drug toxicity or other parameters of interest.
We are performing further studies to establish the
synthetic capacity of the biological components in our
prototypes.
At present no BAL is in use to clinically treat liver
failure. Some clinical trials have been conducted (for
an updated review consult the work of Sakiyama et
[30]
al
and references therein) with some success. All
of these devices use isolated liver-derived cells. Four
of them use porcine primary hepatocytes either fresh
(named LSS, Excorp Medical BLSS and AMC-BAL) or
cryopreserved and microcarrier attached (HepatAssit),
one uses human primary hepatocytes (MELS), and
one uses HepG2/C3A cell line (Vitagen ELAD). These
devices have not become mainstream in clinical
settings yet because of the complexity of isolating
hepatocytes and the difficulties for maintaining the
viability of these cells viable for prolonged periods of
time. This limits the assembly and transport of the
devices and confines its use to the centers where
they were developed. An exception to this could be
the ELAD system that uses a cell line, but the costs
of producing the required amount of cellular material
makes it expensive. It is also limited to places with
the facilities and expertise to conduct cell culture at a
large scale. In this sense our BAL prototype, although
it needs further testing, requires hand-cut LMOs,
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which are obtained by a low-cost technique that is
easily learned. Also, the required biological material
could be obtained from donor livers not acceptable
for transplantation but meeting the criteria to obtain
adequate pieces to feed this kind of BAL and possibly
used in multiple treatments. Therefore, pre-assembled
BALs could be filled with LMOs obtained in the same
center where they will be immediately applied. The
prototype we are presenting in this work is constructed
with standard laboratory and medical supplies, and we
envisage that they could be constructed at reasonable
costs and, consequently, commercialized at reasonable
prices.
[15]
After publishing our previous results , we became
aware that it is difficult to predict the conditions needed
for good performance of the devices based on rational
design and, instead, much of the experience we have
accumulated over the years mostly originated by
trial and error. Especially in this field of BAL research,
every laboratory seems to apply different strategies
to achieve the objective of extracorporeal treatment
of liver failure. Although some basic principles and
features are followed by all of us, there seems to really
[31,32]
exist one different BAL for each group of work
. As
far as we know, this is the first time that a comparison
of the same biological component applied to different
configurations of BALs is reported. In the literature, we
have always found comparisons of different BALs only
in review articles that use data from different research
groups, which renders the analysis incomplete and
inadequate. However, we have made comparisons in
the same set of experiments using cells and tissues
from the same brood of experimental animals, same
batches of solutions, same laboratory instruments, etc.
These conditions render our results coherent and valid,
and strongly demonstrate that architecture of BALs
can determine the success of this kind of device.
Further investigations must be done in order
to bring these types of devices to the clinic. Very
few clinical trials have been performed, and they
are typically carried out on patients with advanced
[32–35]
deterioration
. In conclusion, we demonstrate
the importance of adapting the artificial component
architecture to the biological component characteristics
to obtain an adequate BAL performance regarding
blood ammonia detoxification.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Liver failure is a condition that usually requires liver transplantation, but in
some cases acute liver failure resolves spontaneously due to the viable hepatic
mass remaining after the cause of the damage has disappeared. If the amount
of this functional tissue has the sufficient capacity to handle the detoxification
of harmful metabolites produced by the insult and to provide the needed
essential hepatic molecules and factors, then the regeneration capacity of the
organ allows the recovery. This is why many attempts have been pursued to
help the patient´s liver to pass through this acute failure and either recover or
extend the time frame for a liver transplantation. Artificial livers, either dialysis
based or incorporating hepatic cells and tissues (these later referred to as bio-
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artificial livers or BALs), are extracorporeal devices intended to aid the failing
livers to overcome failure or at least to permit the patient to improve to undergo
transplantation. In this sense, BALs are considered the choice to accomplish
this job but until now they have been applied only by medical care teams that
are able to obtain the biological component and to assemble the device at the
same location making the practice limited to very few centers in the world.

Jorge Auerbuch, for kindly providing the dialysis
TM
cartridge from which we obtained Polyamix fibers.
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Abstract

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

AIM
to investigate changes in spleen stiffness measur
ements (SSMs) and other non-invasive tests (NITs)
after treatment with direct-acting antivirals (DAAs)
and identify predictors of SSM change after sustained
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virological response (SVR).

wjgnet.com/1948-5182/full/v10/i10/731.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.i10.731

METHODS
We retrospectively analysed 146 advanced-chronic liver
disease (ACLD) patients treated with DAA with available
paired SSM at baseline and SVR24. Liver stiffness (LSM),
spleen diameter (SD), platelet count (PLT) and liver
stiffness-spleen diameter to platelet ratio score(LSPS)
were also investigated. LSM ≥ 21 kPa was used as a
cut-off to rule-in clinically significant portal hypertension
(CSPH). SSM reduction > 20% from baseline was defined
as significant.

INTRODUCTION
Chronic hepatitis C virus (HCV) infection represents
one of the major causes of liver disease and is a lea
[1,2]
ding cause of liver transplantation . Recently, the
introduction of the highly effective interferon-free directacting antivirals (DAAs) has enormously increased the
number of patients who have achieved sustained virologi
[3–5]
cal response (SVR), even in patients with liver cirrhosis .
Studies, mostly from the interferon era, have shown
[6,7]
that achieving SVR improves liver function , liver
[8]
[9]
histology and overall clinical outcomes . However, the
real impact of SVR in the DAA era, in terms of changes in
portal hypertension (PH) and risk of decompensation on
immediate follow-up, is not completely known, especially
in patients with advanced chronic liver diseases (ACLD).
PH is a progressive condition that represents a key point
[10]
in the natural history of liver diseases ; therefore, its
assessment by the hepatic venous pressure gradient
[11–
(HVPG) measurement is fundamental in ACLD patients
14]
. Indeed, the development of clinically significant portal
hypertension (CSPH) in patients with compensated ACLD
[11]
(cACLD)
is highly associated with the risk of clinical
decompensation events (ascites, variceal bleeding,
[10]
jaundice and hepatic encephalopathy) .
To date, several studies have demonstrated a signi
ficant reduction in HVPG (> 10%-20%) after achieving
[15–17]
SVR, both after interferon-based
and DAA-based
[18–21]
regimens
. Although the HVPG measurement is the
[11]
gold standard to assess PH , it remains an invasive
[22]
method and its use is still limited only to highly spe
[12]
cialized centres ; thus, its repeated measurements
during the follow-up would hardly be applicable.
Consequently, many non-invasive tests (NITs) in
the last decade, including liver and spleen stiffness
measurements (LSM and SSM) as well as liver stiffnessspleen diameter to platelet ratio score (LSPS), have
been developed and validated to accurately assess
[11,22–29]
PH degree and its complications
. In fact, the
Baveno Ⅵ Consensus recently recommended that LSM
values of 10 kPa should rule out cACLD patients, and
values of 20-25 kPa should accurately identify CSPH
[11]
in patients with viral hepatitis . However, to date,
few studies have evaluated the role of NITs in the PH
assessment of SVR patients after DAA treatment, and
their role in the follow-up. Even if most studies agree
on the fact that LSM rapidly decreases after virus
[18,19,30–32]
eradication
, controversial data have emerged
[30–32]
regarding the changes of SSM after SVR
.

RESULTS
SSM significantly decreased at SVR24, in both patients
with and without CSPH; in 44.8% of cases, SSM reduction
was > 20%. LSPS significantly improved in the entire
cohort at SVR24; SD and PLT changed significantly only
in patients without CSPH. LSM significantly decreased
in 65.7% of patients and also in 2/3 patients in whom
SSM did not decrease. The independent predictor of
decreased SSM was median relative change of LSM.
CSPH persisted in 54.4% patients after SVR. Delta LSM
and baseline SSM were independent factors associated
with CSPH persistence.
CONCLUSION
SSM and other NITs significantly decrease after SVR,
although differently according to the patient’s clinical
condition. SSM faithfully reflects changes in portal
hypertension and could represent a useful NIT for the
follow-up of these patients.
Key words: Clinically significant portal hypertension;
Spleen stiffness measurement; Advanced chronic liver
disease; Direct-acting antivirals; Portal hypertension;
Hepatitis C; Non-invasive test
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver stiffness measurement (LSM) and spleen
stiffness measurement (SSM) are widely validated
surrogates of portal hypertension (PH) and its complica
tions. Their role in the assessment of therapy response,
such as treatment with direct-acting antivirals (DAAs)
of hepatitis C virus patients, is still under investigation.
We demonstrated in a large cohort that not only LSM,
but also SSM, is reduced six months after successful DAA
therapy. As opposed to LSM, SSM directly reflects PH
and is less influenced by the immediate reduction of liver
necro-inflammation. We believe that SSM could represent
a helpful tool for the clinician in the follow-up of these
patients.
Ravaioli F, Colecchia A, Dajti E, Marasco G, Alemanni LV, Tamè
M, Azzaroli F, Brillanti S, Mazzella G, Festi D. Spleen stiffness
mirrors changes in portal hypertension after successful interferonfree therapy in chronic-hepatitis C virus patients. World J Hepatol
2018; 10(10): 731-742 Available from: URL: http://www.

WJH|www.wjgnet.com

MATERIALS AND METHODS
Aims of the study

We aimed to: (1) investigate the possible effect of HCV-
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[37]

DAA treatment on PH, evaluated by spleen stiffness
changes as a mirror of PH; (2) as well as those of other
NITs, after HCV-DAA treatment; moreover, we aimed
to (3) identify the presence of predictors of the SSM
changes in SVR patients after DAA therapy.

diameter (SD)/platelet count) . SD was considered to
be the bipolar diameter of the spleen as assessed by
ultrasound.

Statistical analysis

Categorical data are expressed as numbers (percen
tages) and continuous variables as medians (IQR or
range). For group comparison, the Mann-Whitney U test
2
was used for continuous variables and the chi test for
categorical variables. Group comparisons among NITs
at BL and SVR24 were evaluated with Friedman’s nonparametric test, and Bonferroni-corrected alphas were
used for post hoc pairwise comparison. Demographic,
clinical, functional and elastometric variables were
evaluated with univariate and multivariate Logistic
Regression models in order to assess the predictive
factors associated with PH improvement as assessed
by SSM. After evaluation of multicollinearity, variables
with a p-value < 0.10 upon univariate analysis were
included in several multivariate Logistic Regression
models with stepwise backward procedures. Prevalence
of esophageal varices (EV) was not included in the
multivariate analysis due to the limited number of
patients with available EGD data (within 6 mo from
TE assessment). The estimated odds ratios with their
2
95% confidence intervals, LR chi and Area under ROC
Curve were presented. For each multivariable logistic
regression, the model discrimination and calibration
were reported together with Akaike information crite
rion and Bayesian information criterion measures for
comparing maximum likelihood models. Only P-values
< 0.05 were considered statistically significant. The
statistical analysis was conducted using Stata/SE (Ver
sion 14.0; Stata Corp, Texas, United States).

Study design and population

This is a retrospective analysis of prospectively collected
data of HCV-related cACLD patients treated with DAAs
between January 2015 and September 2017 at our
department, with valid measurements of LSM and SSM
by transient elastography (TE) at baseline (BL) and at
six mo after the end of DAA treatment (SVR24).
[11]
According to the Baveno Ⅵ Criteria , values of
LSM > 10 kPa at TE were considered suggestive of
having cACLD; LSM cut-off ≥ 21 kPa was used to rule[33,34]
in CSPH, as previously described
. At baseline,
laboratory values, Model for end-stage liver disease
(MELD) and Child-Turcotte Pugh (CTP) scores were
also reported for each patient.
We excluded patients who (1) had incomplete
response to surgical resection or loco-regional ablation
of previous HCC; (2) developed HCC during antiviral
treatment; (3) developed variceal bleeding and/or
endoscopic banding legation (EBL) during the study
period; and (4) initiated or changed the dosage of
non-selective beta-blockers (NSBB) or had portal vein
thrombosis, transjugular intrahepatic portosystemic
shunt (TIPS) and non-cirrhotic PH. A subgroup of the
patients who did not achieve SVR were separately
investigated.

Antiviral treatment

Eligibility for treatment of HCV patients with DAAs was
assessed following the priority criteria established in
the protocol approved by the Italian Medicines Agency
committee. The choice of DAA and treatment duration
(12 or 24 wk) was based on viral genotype and stage
of disease, according to the guidelines available at the
[35]
time of enrollment . SVR was defined as undetectable
HCV-RNA using real-time PCR, with a detection limit of
15 IU/mL at the 12-wk post-treatment follow-up visit.

Ethics

The DAAs treatment protocol was approved by the
National Institutional Review Board (IRB) of the Italian
Medicines Agency committee. Local IRB [Institutional
Ethics Committee of Sant’Orsola-Malpighi University
Hospital (Bologna, Italy)] approval was authorized.

RESULTS

NITs for PH assessments

Patients characteristics

LSM values were assessed by expert operators using
®
®
the FibroScan apparatus with “M” probe (Echosens ,
Paris, France) after overnight fasting and after a com
plete abdominal US examination. LSM values were
[16]
obtained as previously reported , and the reliability
criteria considered were according to the last EFSUMB
Guidelines and Recommendations on the Clinical Use of
[36]
Ultrasound Elastography . SSM was assessed on the
same day as LSM assessment, with the same probe
®
utilized to perform LSM using the FibroScan apparatus,
[24]
as previously described . Since no specific literature
[11]
is present, we translated data from HVPG experience
and defined significant SSM as a reduction > 20% from
BL. LSPS was calculated as liver stiffness × (spleen

WJH|www.wjgnet.com

One hundred-ninety-seven cACLD patients treated
with DAAs and with available valid baseline LS and SS
measurements were evaluated. The following patients
were excluded: two (1%) had HCC occurrence and
three (1.5%) presented with active HCC, one (0.5%)
underwent EBL during the study period, four (2%)
had previous EBL, two (1%) patients presented with
complete portal vein thrombosis, one (0.5%) required
an increase in NSBB dosage and one (0.5%) had
previous TIPS placement. An additional 37 (18.8%)
patients were excluded: 22 (out of 197, 11.2%) due
to lack of follow-up and 15 (out of 197, 7.6%) due to
unfeasible SSM at follow-up. Accordingly, a total of 134
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HCV-patients treated with DAAs
regimens with LSM > 10 kPa and
available SSM at baseline n = 197

Patients with HCC occurrence during study
period or active previous HCC (n = 5)
Patients who developed variceal bleeding or
underwent EBL during study period (n = 1)
Patients with previous EBL, NSBB
initiation/change of dosage, portal vein
thrombosis, TIPS or non-cirrhotic portal
hypertension (n = 8)

Patients lost at follow-up (n = 22)
Patients with unfeasible SSM at follow-up visit
(n = 15)

Included patients with paired LSM
and SSM before and 6 mo after SVR
n =134

Included patients who did not
achieve SVR
n =12

Figure 1 Flowchart of study design. DAA: Direct-acting antiviral; EBL: Endoscopic band ligation; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; LSM:
Liver stiffness measurement; NSBB: Non-selective beta-blocker; SSM: Spleen stiffness measurement; SVR: Sustained virological response; TIPS: Transjugular
intrahepatic portosystemic shunt.

patients with paired LSM and SSM at BL and SVR24
were included in the final analysis; 12 (6%) patients
who did not achieve SVR were analysed separately
(Figure 1).
Table 1 depicts the baseline characteristics of the
study cohort. Regarding main NITs, the median values
at BL were LSM 19.3 kPa (14.1-27 kPa) and SSM 58.8
kPa (42.2-75 kPa). In a sub-analysis, patients with
CSPH (LSM ≥ 21 kPa) differed significantly for MELD
score, platelet count, total serum bilirubin, INR, SSM,
LSM, SSM and LSPS.

changes in both groups; LSM decreased in 114 (85.1%)
patients, of whom 88 (65.7%) had a decrease of >
20% (Table 2 and Figure 3a).
A LSM decrease was found in almost all patients in
whom SSM decreased (95.3%). On the other hand,
LSM significantly decreased (p = 0.022) in 2/3 of the
patients in whom SSM did not decrease, with a median
delta LSM of -28.3%. (Figure 3b).

Changes in other NITs after SVR

The median spleen diameter (SD) at baseline and
SVR24 were 14 cm and 13.2 cm, respectively. Althou
gh the reduction was not statistically significant in
the overall population, it reached significance in the
subgroup of patients without CSPH. The increase of
9
9
PLT (from 110 10 /L to 130 10 /L) did not reach stati
stical significance in the entire cohort either, but only in
patients without CSPH (Figure 2b). Moreover, median
LSPS differed significantly between baseline (2.78) and
SVR (1.34), and in both subgroups as well.

Changes in SSM and LSM after SVR

In the patients who achieved SVR, the median SSM
significantly decreased from 58.8 kPa to 38.2 kPa
(p = 0.001), with a median delta change in SSM
of – 12.3%. The decrease in SSM was statistically
significant in both groups, CSPH and not (Figure 2a);
the median delta SSM was higher in patients without
CSPH at baseline when compared to patients with
CSPH (-20.4% vs -4.7%), although this difference did
not reach statistical significance. A decrease in SSM
values was found in 92 (68.7%) patients, of whom
73 (54.5%) had a decrease > 10% and 60 (44.8%)
> 20% (Table 2 and Figure 3a). LSM values also
decreased after SVR, with respective median values
of 19.3 kPa and 13.8 kPa at baseline and SVR24 (p <
0.0001). The median delta LSM was -30% with similar

WJH|www.wjgnet.com

Non-SVR patients

Twelve patients did not achieve SVR in our cohort.
Baseline characteristics did not statistically differ from
the patients included in the final analysis. In particular,
in non-SVR patients, an LSM decrease (23.2 kPa at BL
vs 21.6 kPa at FU24), an SSM increase (45.6 kPa at
BL vs 57.8 kPa at FU24) and a PLT decrease (128 ×
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Table 1 Baseline characteristics of included patients
Variable

Overall (n = 134)

CSPH (LSM ≥ 21 kPa) (n = 60)

No CSPH (LSM < 21 kPa) (n = 74)

60 (51-69)
92 (68.7)

57 (50.5-65)
42 (70)

61.5 (51-70)
50 (67.6)

95 (70.9)
12 (8.9)
20 (14.9)
7 (5.3)

41 (68.3)
4 (6.7)
11 (18.3)
4 (6.7)

54 (72.5)
8 (10.8)
9 (12.2)
3 (4.5)

33 (24.6)
29 (21.6)
38 (28.4)
16 (12)
18 (13.4)

10 (16.7)
15 (25)
19 (31.6)
7 (11.7)
9 (15)

23 (31.1)
14 (18.9)
19 (25.6)
9 (12.2)
9 (12.2)

115 (85.8)
19 (14.2)
8 (7-10)
14 (12.3-15.5)

52 (86.7)
8 (13.3)
9 (8-10)
14.7 (12.8-15.8)

63 (85.1)
11 (14.9)
8 (7-10)
13.9 (12.1-15)

110 (79-150)
58 (39-95)
0.9 (0.67-1.29)
3.8 (3.6-4.1)
0.8 (0.7-0.98)
1.1 (1.06-1.2)

102 (74-132)
55 (39-84)
1 (0.84-1.52)
3.8 (3.5-4.1)
0.8 (0.70-0.96)
1.17 (1.1-1.21)

134 (92-159)
60 (38-105)
0.8 (0.6-1.1)
3.8 (3.6-4.1)
0.85 (0.71-1.08)
1.08 (1.04-1.13)

58.8 (42.2-75)
19.3 (14.1-27)
2.78 (1.4-4.94)

69.9 (55.7-75)
29.1 (23.9-39.7)
5.1 (3.05-7.48)

46.2 (31.6-63.9)
14.6 (12-17)
1.58 (1.09-2.79)

Age (yr)
Male
HCV-genotype
1
2
3
4
Treatment regimen
SOF/RBV
SOF/SMV
SOF/DCV
SOF/LDV
Other
Child Pugh Score
A
B
MELD Score
Spleen Diameter (cm)
Laboratory results
Platelets (cells × 109/L)
ALT (U/L)
Bilirubin (mg/dL)
Albumin (g/dL)
Creatinine (mg/dL)
INR
NITs
SSM (kPa)
LSM (kPa)
LSPS

Qualitative data were expressed as number and percentage (%); quantitative data were expressed as median (25%-75% quantiles). ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; CSPH: Clinically significant portal hypertension; DCV: Daclatasvir; HRV: High risk varices; INR:
International normalized ratio; LDV: Ledipasvir; LSM: Liver stiffness measurement; LSPS: Liver stiffness to spleen/platelet score; MELD: Model for endstage liver disease; NITs: Non-invasive tests; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; SVR: Sustained virological response; SSM: Spleen stiffness
measurement.
9

9

10 /L at BL vs 100 × 10 /L at FU24) were observed;
none of these changes reached statistical significance
(Supplementary Table 1).

with CSPH at baseline, defined as an LSM ≥ 21 kPa.
After a 6 mo follow-up, none of the 74 patients without
CSPH at baseline progressed to CSPH. In patients with
CSPH, 46.7% of them had reduced LSM under the
CSPH threshold after treatment. Supplementary Table
3 shows the predictors of CSPH persistence after DAA
treatment.

Predictors of significant SSM Decrease (> 20%)

Table 3 shows the differences observed between
patients who had an SSM decrease > 20% and those
who did not. In the entire cohort, patients with sig
nificant SSM reduction differed in the prevalence of
EV, MELD score, albumin levels, as well as baseline
SSM, LSPS values and LSM-related variables. In
multivariate analysis, relative LSM changes remained
as the only independent predictor of an SSM decrease
> 20%. Furthermore, predictors of an SSM decrease
> 20% (Supplementary Table 2) were investigated
among patients with CSPH at baseline. Once again,
a higher prevalence of EV, higher creatinine levels,
lower LSM values at SVR24 and higher delta LSM were
observed among patients with an SSM decrease >
20%. In multivariate analysis, higher serum creatinine
levels and delta LSM > 20% were the predictors of a
significant SSM decrease.

DISCUSSION
The main aim of our study was to evaluate PH changes
assessed by non-invasive methods after successful
viral eradication in patients treated with DAAs. Our
data show that SSM and LSM significantly decrease
after SVR, according to the baseline clinical patient
condition.
The IFN-free regimens are highly effective, allowing
to treat and achieve SVR in patients who also have
[4,38]
ACLD
. However, the individual clinical benefit in
these patients is still under debate, especially in terms
[39–41]
of changes in PH and CSPH-driven complications
.
While results from the interferon era might not nece
[21]
ssarily be translatable to DAA regimens , recent stu
dies have also unanimously demonstrated that HVPG
[18–21]
significantly decreases after SVR
. Although many

Changes of CSPH state after SVR

Figure 4 shows that 60 (44.8%) patients presented

WJH|www.wjgnet.com
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A

60

75

75

p = 0.001

58.8 kPa

45

45

60

p < 0.0001

13.8 kPa

0

0

15

19.3 kPa

15

30

30

38.2 kPa

Baseline

SVR24

75

Baseline

SVR24

p = 0.0004

p = 0.007

75

p < 0.0001

60

69.9 kPa

46.2 kPa

45

45

60

61.1 kPa

29.1 kPa

34.5 kPa

30

30

p < 0.0001

15

15

21.6 kPa
14.6 kPa

0

0

9.8 kPa

BL

SVR24

BL

Without CSPH

BL

SVR24

SVR24

BL

Without CSPH

With CSPH

SVR24
With CSPH

Spleen stiffness (SSM)

Liver stiffness (LSM)

25

B
n.s.

15

20

50 100 150 200 250 300

n.s.

14 cm

13.2 cm

9
130 × 10 /L

5

0

10

9
110 × 10 /L

SVR24

Baseline

SVR24

25

Baseline

p = 0.05
n.s.

15

50 100 150 200 250

n.s.

20

300

p = 0.035

13.9 cm

102

0

5

101

14 cm

10

134

14.7 cm

12.9 cm

151

BL

SVR24

BL

Without CSPH

BL

SVR24

BL

SVR24
With CSPH

Spleen diameter (SD)

Platelet count (PLT)
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SVR24

Without CSPH

With CSPH
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p = 0.0004

2.78
1.34

SVR24

p = 0.003
p < 0.0001

0 1 2 3 4 5 6 7

8 9 10 11 12 13

Baseline

5.1

1.58
0.89

BL

SVR24

Without CSPH

3.26
BL

SVR24
With CSPH

Liver stiffness to spleen
diameter-to-platelet ratio (LSPS)

Figure 2 Non-invasive tests changes after sustained viral response by clinically significant portal hypertension presence. A: LSM and SSM changes; B: PLT,
SD, LSPS changes. CSPH: Clinically significant portal hypertension; LSM: Liver stiffness measurement; SSM: Spleen stiffness measurement; PLT: Platelet count;
SD: Spleen diameter; LSPS: Liver stiffness-to-spleen diameter-to-platelet count ratio score.

studies have shown that LSM rapidly decreases after
[42,43]
DAA treatment
, not much is known about the
changes of PH surrogate NITs, such as SSM and LSPS,
after viral eradication. In fact, NITs have yet to be
validated in SVR patients, and their role in the clinical
follow-up is still to be determined.
The main finding of this study is that SSM signi
ficantly changes after 24 wk of SVR in patients with
cACLD, with a median relative change of -12.3% (Table
[30,32]
2). To our knowledge, only two complete papers
[39]
and one letter to the editor
have investigated the
changes in SSM after SVR, with opposing results. In
[32]
fact, only in the study by Pons et al
SSM was found
to rapidly decrease at only 4 wk after therapy initiation
in 41 patients, with no ulterior significant changes until
48 wk of follow-up; the other studies concluded that
[30,32]
SSM did not significantly decrease at SVR24
.
In our study that analyzed a large cohort of cACLD
patients, we demonstrated that SSM significantly
decreased after DAA treatment. These results confirm
previous studies in which PH was assessed by paired
[18–21]
HVPG measurements
. Moreover, our study is the
first to assess and demonstrate the improvement of

WJH|www.wjgnet.com

LSPS, another accurate surrogate of PH, after SVR24.
Moreover, in the eight patients who did not achieve
SVR, SSM and other NITs did not significantly differ
during follow-up measurements (Supplementary Table 1).
We classified patients with and without CSPH accor
[33,34]
ding to a LSM cut-off of 21 kPa
. Interestingly, the
relative changes in SSM and LSM performed differently
in patients with and without CSPH. In fact, while the
median delta LSM in patients with and without CSPH
was very similar (-28.3% vs -30.8%), the reduction
of SSM was much more evident in patients without
CSPH (-20.4% vs -4.7%). This last result is consistent
with the relative HVPG changes described by Mandorfer
[18]
et al . Moreover, the other surrogates of PH, including
the platelet and spleen diameter, significantly chan
ged only when split by CSPH presence. Regarding the
different changes of NITs in patients with and without
CSPH, we could speculate that this behaviour can
reflect the different stages of underlying PH pathogenic
mechanisms. Indeed, determinants of portal pressure
affecting SSM, such as intrahepatic resistance and
[44]
liver necro-inflammation , improve in both subgroups.
However, in CSPH, other major actors of PH, such as
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Table 2 Liver and Spleen stiffness measurement decreases after sustained viral response
Variable
Relative SSM decrease (%)
Overall SSM decrease
> 10%
> 20%
Relative LSM decrease (%)
Overall LSM decrease
> 10%
> 20%
PLT Increase (%)

Overall (n = 134)

CSPH (LSM ≥ 21 kPa) (n = 60)

No CSPH (LSM < 21 kPa) (n = 74)

12.3 (0-36.3)
92 (68.7)
73 (54.5)
60 (44.8)
30 (13.5-42.4)
114 (85.1)
108 (80.6)
88 (65.7)
12.4 (-10.1 to 29.6)

4.7 (0-32.5)
40 (66.7)
31 (51.7)
23 (38.3)
28.3 (11.4-41.9)
51 (85)
48 (80)
40 (66.7)
5.5 (-15.6 to 25.9)

20.4 (0-39.7)
52 (70.3)
42 (56.8)
37 (50)
30.8 (13.9-42.4)
63 (85.1)
60 (81.1)
48 (64.9)
17.4 (-0.67 to 35.6)

CSPH: Clinically significant portal hypertension; LSM: Liver stiffness measurement; PLT: Platelet count; SSM: Spleen stiffness measurement.

A

[21]

al , we noticed similar proportions of patients with a
significant response (> 20%) when comparing SSM and
HVPG (38.3% vs 39.8%, respectively), but not LSM
and HVPG (66.7% vs 39.8%, respectively) (Figure 3a).
Even if a correlation between HVPG and SSM changes
after DAA treatment has not been demonstrated to
date, our data may suggest that an SSM reduction >
20% could be a more accurate non-invasive predictor
[11]
of a significant HVPG reduction .
A statement in the Baveno Ⅵ consensus was that
the main therapeutic goal in patients with mild PH
[11]
(6-9 mmHg) is to prevent CSPH development . In
our cohort, none of the patients who achieved SVR
progressed to CSPH. More challenging, however, is the
concept of assessment of CSPH presence/absence after
SVR due to its clinical implications, since there is not
sufficient evidence showing that the cut-offs after DAAs
are the same as the ones used in the pre-treatment
[23,46]
phase
. However, promising data documented
that a LSM of 20-25 kPa could be an accurate cut-off
[21]
to rule-in CSPH after DAA therapy . Accordingly, we
also investigated CSPH persistence after SVR (Figure
4). Using these cut-offs, we found that 53% of the
patients with CSPH at baseline presented CSPH at
SVR24. In multivariate analysis, higher baseline values
of SSM (indicating a more severe PH) and lower LSM
relative changes were found to be predictors of CSPH
persistence (Supplementary Table 3). These results
[21]
are in line with another study
in which higher BL
HVPG and relative LSM changes were predictors of
CSPH persistence after DAA treatment.
All of the above results seem to reflect the different
dynamics in LSM and SSM changes after achieving SVR.
LSM consensually decreased in almost all patients with
SSM reduction (95.2%), while the opposite was not
found to be true. In fact, LSM significantly decreased,
with a median delta -28.3%, in 2/3 of the patients in
whom no SSM reduction was found. This result empha
sizes the fact that LSM is heavily influenced by the
[44]
reduction of liver necro-inflammation
after SVR, and
that changes in LSM might not be the most adequate
predictors of PH changes in this context. On the other
hand, a SSM decrease > 20% could identify patients
who significantly clinically benefit from viral eradication.

Relative changes of SSM and LSM after SVR in CSPH patients

100%
90%

40

80%

31

51
48
Overall SSM
decrease
(68.7%)

70%
60%

23 (38.3%)

50%

40 (66.7%)

Overall LSM
decrease
(85.1%)

40%
30%

7 (11.7%)

20%
10%

13 (21.6%)

9 (15%)

0%
SSM
Increase

No change

LSM
Decrease > 20%

Decrease > 10%

Any decrease

B
3%

SSM decrease w/out LSM
decrease

12%

No SSM and LSM decrease

60%

25%

LSM decrease w/out SSM
decrease
SSM and LSM decrease

Figure 3 Spleen and liver stiffness measurement decreases after sustained
viral response (A), and liver stiffness measurement decreases in patients
without spleen stiffness measurement improvements (B). BL: Baseline; CSPH:
Clinically significant portal hypertension; LSM: Liver stiffness measurement;
SSM: Spleen stiffness measurement; SVR: Sustained virological response.
[34]

extra-hepatic hemodynamic factors
and spleen stru
[45]
ctural changes , might not ameliorate in the shortterm follow-up (6 mo after SVR). This hypothesis could
explain why we found a less prominent SSM decrease
(-4.7% vs -20.4%), even when liver necro-inflammation
reduction as assessed by delta LSM (-28.3% vs -30.8%)
was the same.
SSM reduction was present in 68.7% of patients
after 6 mo of follow-up. We found that the only inde
pendent predictor of a significant PH improvement,
as reflected by a SSM decrease > 20%, was the
relative change in LSM (Table 3), confirming previous
[18,21]
studies with HVPG
. However, when we assessed
PH improvement as reflected by SSM in our study, as
PH surrogate, and by HVPG in the study by Lens et
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Table 3 Univariate and multivariate analysis of factors associated with a SSM decrease > 20%
Entire Population (n = 134)
Multivariate analysis
LR Chi-2 = 16.48 AIC = 171.8
AUROC = 0.6821 BIC = 177.6

Univariate analysis
Variable

Age (yr)
Sex (male)
Presence of varices (n = 67) (yes)
Spleen diameter (cm)
Child Pugh Score
Child Pugh Score B (yes)
MELD score
MELD > 10
AST (U/L)
ALT (U/L)
ALT ≥ 2 × ULN at BL
INR
Bilirubin (mg/dl)
Albumin (g/dl)
Creatinine (mg/d)
Platelet count (10^9/L)
LSM BL (kPa)
LSM SVR24 (kPa)
SSM BL (kPa)
LSPS BL
LSM decrease (Delta, %)
LSM decrease > 10% (yes)
LSM decrease > 20% (yes)

SSM Decrease >
20% (n = 60)
62 (52-69)
21 (28.4)
9 (34.2)
13.6 (11.65-15.15)
5 (5-6)
8 (13.3)
8 (7-10)
12 (20)
54.5 (38-85)
62 (37-105)
59.5 (37.5-101)
1.09 (1.05-1.17)
0.85 (0.65-1.16)
3.8 (3.52-4.12)
0.8 (0.7-1)
118 (92-154)
18 (14.6-25.7)
12.4 (9.4-18)
60.4 (45.7-70.7)
2.17 (1.33-3.77)
33 (18.1–44.6)
54 (90)
47 (78.3)

No SSM Decrease >
20% (n = 74)
56 (50-68)
21 (35)
24 (82.8)
14.5 (13-16)
5 (5-6)
11 (14.9)
9 (8-10)
30 (40.5)
56 (35.5-87)
53 (40-90)
54 (40-91.5)
1.12 (1.09-1.21)
1.02 (0.71-1.52)
3.78 (3.52-4.12)
0.81 (0.69-0.93)
91 (74-137)
21.1 (14-38.5)
17.5 (10.4-32.4)
53.2 (37.4-75)
4.15 (1.65-6.26)
19.4 (0–31.3)
54 (73)
41 (55.4)

OR (95%CI)

P value

1.005 (0.975-1.037)
1.359 (0.653-2.828)
0.110 (0.031-0.388)
0.800 (0.660-0.970)
0.885 (0.601-1.303)
0.881 (0.330-2.352)
0.786 (0.648-0.954)
0.367 (0.167-0.804)
0.996 (0.987-1.004)
1.002 (0.995-1.008)
1.326 (0.597-2.944)
0.127 (0.001-0.551)
0.903 (0.535-1.525)
2.096 (0.959-4.581)
0.327 (0.674-1.585)
1.002 (0.996-1.007)
0.988 (0.962-1.015)
0.944 (0.908-0.981)
1.012 (0.992-1.032)
0.817 (0.684-0.975)
0.0332 (0.005-0.225)
3.333 (1.242-8.946)
2.910 (1.352-6.262)

0.727
0.412
0.001
0.023
0.535
0.801
0.015
0.012
0.322
0.620
0.489
0.023
0.703
0.063
0.165
0.579
0.391
0.004
0.225
0.025
< 0.0001
0.017
0.006

OR (95%CI)

P value

0.0332 (0.005-0.225)

< 0.0001

Qualitative data were expressed as number and percentage (%); quantitative data were expressed as median (25%-75% quantiles). AIC: Akaike information
criterion; ALT: Alanine aminotransferase; AUROC: Area under curve ROC; AST: Aspartate aminotransferase; BIC: Bayesian information criterion; CSPH:
Clinically significant portal hypertension; DCV: Daclatasvir; HRV: High risk varices; INR: International normalized ratio; LDV: Ledipasvir; LR: Like-hood
ratio; LSM: Liver stiffness measurement; LSPS: Liver stiffness to spleen/platelet score; MELD: Model for end-stage liver disease; NITs: Non-invasive tests;
RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; SVR: Sustained virological response; SSM: Spleen stiffness measurement.

Agency committee eligibility criteria for the treatment
of HCV patients with DAAs, and (2) the absence of a goldstandard reference for PH assessment. However, accor
[11]
ding to the Baveno Ⅵ consensus , we could consider
NITs, in addition to LSM, to be good surrogates of invasive
methods, such as liver biopsy and HVPG. The time of
follow-up was too short to fully correlate SSM changes with
clinical outcomes after viral eradication, such as events of
[48]
decompensation after SVR . As in previous studies that
include SSM, the upper limit of 75 kPa for SSM affects
the possibility to detect changes in patients with severe
[49,50]
PH
; in fact, both BL and SVR24 values were 75 kPa
in seven (5.2%) patients.
In conclusion, SSM could be an accurate and use
ful NIT for the follow-up of patients after SVR, as it
faithfully reflects changes in PH better than other NITs,
including LSM. Further prospective studies are required
in order to confirm the accuracy and usefulness of SSM
and other NITs in the follow-up of patients with ACLD
and its correlation with clinical outcomes.

CSPH (LSM ≥ 21 kPa)
100%
90%
80%

28
60

70%

32

60%
50%
40%
30%

74

74

20%
10%
0%
Baseline
No CSPH

SVR
CSPH

CSPH (SVR)

No CSPH (SVR)

Figure 4 Clinically significant portal hypertension presence, according to
Baveno Ⅵ (liver stiffness measurement ≥ 21 kPa) at baseline and after
SVR24. CSPH: Clinically significant portal hypertension; LSM: Liver stiffness
measurement; SSM: Spleen stiffness measurement; SVR: Sustained virological
response.

When looking at the bigger picture, SSM could represent
a feasible tool to monitor therapy response and assess
its benefit. This is also supported by a recent study
[47]
by Buechter et al
that investigated LSM and SSM
changes after TIPS placement.
The present study has some limitations: (1) its retro
spective nature, even though SSM and LSM were pros
pectively collected according to the Italian Medicines
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Research background

The long-term benefits of achieving sustained virological response (SVR) in
cirrhotic patients are still to be established. Non-invasive tests (NITs), such
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as liver (LSM) and especially spleen stiffness (SSM), are widely validated in
hepatology as portal hypertension (PH) surrogates. However, their use in SVR
patients and their changes after virus eradication is still under discussion.

6

Research motivation

Many studies have reported rapid LSM decrease after achieving SVR. However,
only a few have investigated changes in SSM in such patients, with contrasting
results. Given that there is a decrease in SSM after therapy, it means that SSM
could be exploited to assess changes in PH and PH-driven complication after
achieving SVR.

Research objectives

7

The main objective of the study was to investigate changes in PH after success
ful eradication of HCV infection, as reflected by its non-invasive assessment by
SSM and other NITs.

Research methods

8

This is a retrospective study of prospectively collected data. Patients with
available paired SSM assessment at baseline and 6 mo after end-of-therapy
(SVR24) were included in the study.

Research results

9

Our main result is that a significant SSM decrease at SVR24 was demonstrated
in a large cohort of 134 patients. This is the first study that also reveals a
decrease in LSPS after SVR. SSM reduction differed according to the patient’s
clinical condition, especially when divided by the presence of clinically signi
ficant PH. An LSM decrease of > 20% was evident in the majority of patients,
and also in patients in whom no SSM reduction was present. This finding likely
reflects the reduction in liver necro-inflammation rather than PH improvement.

10

Research conclusions

PH, reflected by NITs, improves after achieving SVR in cirrhotic patients. SSM
is a direct surrogate of PH and less influenced by liver necro-inflammation, as
opposed to LSM. Its decrease (> 20%) could help the clinician to stratify the risk
for PH-related complication after DAA therapy.

11

Research perspectives

12

Future prospective studies should investigate whether changes in SSM are
predictive of clinical decompensation or other complications of cirrhosis after
viral eradication. SSM could become a helpful and accurate method to assess
therapy response and the risk of complications.

13
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Abstract
AIM
To investigate hepatitis C virus (HCV) testing recom
mendations from the United States and other high-income
countries.
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METHODS
A comprehensive search for current HCV testing recom
mendations from the top quartile of United Nations
Human Development Index (HDI) countries (very high
HDI) was performed using Google and reviewed from May
1 - October 30, 2014 and re-reviewed April 1 - October 2,
2017.
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RESULTS
Of the 51 countries identified, 16 had HCV testing recom
mendations from a government body or recommendations
issued collaboratively between a government and a
medical organization. Of these 16 countries, 15 had HCV
testing recommendations that were primarily risk-based
and highlight behaviors, exposures, and conditions that
are associated with HCV transmission in that region. In
addition to risk-based testing, the HCV Guidance Panel
(United States) incorporates recommendations for a
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one-time test for individuals born during 1945-1965
(the birth cohort) without prior ascertainment of risk
into their guidance. In addition to the United States, six
other countries either have an age-based testing recom
mendation or recommend one-time testing for all adults
independent of risk factors typical of the region.

oped recommendations for hepatitis C testing and man
agement, the American Association for the Study of Liver
Diseases (AASLD) and the Infectious Diseases Society of
[6]
America (IDSA) formed the HCV Guidance Panel . The
HCV Guidance Panel is also supported, in part, by the
Centers for Disease Control and Prevention (CDC) and
the International Antiviral Society United States (IASUSA). The guidance published by the HCV Guidance
Panel (the HCV Panel guidance) are updated periodically
as new evidence is reviewed, including any updates
to formal recommendations from the CDC and United
[6-8]
States Preventive Services Task Force (USPSTF) .
In preparation for making updates to the HCV Panel
guidance, HCV testing recommendations from the top
quartile of United Nations Human Development Index
(HDI) countries were evaluated for similarities and dif
[9]
ferences . These data have been used periodically
by the HCV Guidance Panel to explore HCV testing re
commendations globally for comparison to the United
States and for consideration in updating the HCV Panel
guidance when additional peer-review data is available
to support the inclusion of the category in the United
States. For example, the periodic reviews of global HCV
testing recommendations have served to inform dis
cussion on categories that are not included in the HCV
Panel guidance. Any new categories for consideration by
panel members are reviewed and literature searches are
conducted to ensure that the panel addresses all relevant
[6]
data on the subject . Each guidance statement is then
[6]
rated in terms of the level and strength of evidence .

CONCLUSION
This review affirmed the similarities of the HCV Guidance
Panel’s guidance with those of recommendations from
very high HDI countries.
Key words: Hepatitis C; Testing; Recommendations;
Mass screening; Guidelines
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This report investigates hepatitis C virus (HCV)
testing recommendations from the United States and
other high-income countries to assess any risk-based or
universal screening categories that should be considered
for updates to HCV testing guidance from the HCV
Guidance Panel (United States). This review affirmed the
similarities of the HCV Panel guidance with those of very
high-income countries. No significant gaps in the guidance
were identified. HCV testing recommendations from
very high-income countries will be continually reviewed
and as new risk categories or universal screening recom
mendations are identified, they will be considered for
incorporation into the HCV Panel guidance when peerreviewed evidence is available to support the incorporation
of the HCV testing practices in the United States.

MATERIALS AND METHODS
The HDI is a summary measure of average achievement
in health, education, and gross national income per
[9]
capita . Fifty-one countries including the United States
were identified as having a very high HDI, defined as
[9]
the top quartile of HDI countries . A comprehensive
search for current HCV testing recommendations from
the top quartile of HDI countries was performed using
a Google search with a combination of free text terms.
Relevant terms included: country name, hepatitis C, HCV,
screening, testing, recommendations, and guidelines.
The Google results were then reviewed with experts in
the field of hepatitis C (including email and in-person
interviews) inquiring about any additional countries
known to have HCV testing recommendations.
Testing recommendations were considered if they
were from a government body or represented collabo
rative recommendations between a government and
a medical organization. To be included in our analysis,
recommendations needed to be available online May 1,
2014 - October 2, 2017. Non-English language documents
were translated into English using Google Translate.
When logical, testing categories were combined to
make the tabulation of the results more manageable.
Because in the United States both the CDC and USPSTF
independently issue HCV testing recommendations, the
HCV Guidance Panel’s routine synthesis of these recom

Irvin R, Ward K, Agee T, Nelson NP, Vellozzi C, Thomas
DL, Millman AJ. Comparison of hepatitis C virus testing
recommendations in high-income countries. World J Hepatol
2018; 10(10): 743-751 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i10/743.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.i10.743

INTRODUCTION
Hepatitis C virus (HCV) infection, the leading cause of
liver cancer and liver failure, is now curable with the
recent emergence of short-duration, non-toxic, all-oral
[1-4]
therapies . This breakthrough in curative therapies for
HCV infection has renewed interest in developing me
chanisms to improve the HCV care continuum (testing,
linkage to care, treatment initiation, cure). Notably, es
timates suggest that 50% of HCV infected individuals
[5]
remain undiagnosed . Thus, it has become extremely
important in infectious disease public health policy to
identify the appropriate groups of individuals to test for
HCV infection and to have this information readily avai
lable to healthcare professionals.
To provide healthcare professionals with a single
web-based resource for evidence-based, expert-devel
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mendations into their guidance were used for the purpose
of this report. From May 1 - October 30, 2014, two
reviewers performed the initial searches and engaged
consultants to identify HCV testing recommendations
from very high HDI countries. Two reviewers re-reviewed
HCV testing recommendations through Google searches
and follow up with expert consults from April 1 - October 2,
2017 to identify and update any changes.

(deceased and living) were identified as a group not
included in the guidance and were thus considered for
review. After additional review of the available literature
on the subject, donors were added to the HCV Panel
guidance in 2014 and given an evidence rating of
[6,28,29]
ClassⅠ, Level B
. Prior to this, donors had not been
explicitly named as a testing category but were discussed
in the text below the testing guidance.
Currently, the HCV Panel guidance include the vast
majority of HCV testing recommendation categories
noted in other HDI countries and many of the people
within risk categories not directly specified would likely
receive testing nonetheless because of other associated
risks or because of typical clinical care in the United
States. For instance, acute hepatitis/hepatitis symptoms,
hepatitis A or B history, and liver cancer would prompt
a clinical evaluation for hepatitis C and might also be
captured by the HCV Guidance Panel category of un
explained chronic liver disease and/or chronic hepatitis
[6]
including elevated alanine aminotransferase levels .
Additionally, hemophilia alone is not recommended for
testing by the HCV Guidance Panel; however, certain
persons with hemophilia would be tested for HCV because
the HCV Panel guidance incorporates recommendations
to screen anyone who received blood components
before 1992 or clotting factor concentrates produced
[6]
before 1987 for HCV . The remaining recommendation
categories covered by other very high HDI countries
but not included in the HCV Panel guidance include:
body piercing or tattoo history; being homeless; living
with, or the sexual partner of, an HCV-positive person;
multiple sex partners, history of STIs, or high risk sexual
behaviors; STI clinic populations; and immigrants/visitors
from countries were HCV is endemic or those vaccinated
or receiving medical procedures in those countries or
where universal precautions are not in place. Although
body piercings and tattoos are not specifically mentioned
in the HCV Panel guidance, they do incorporate re
commendations to test persons with percutaneous/pa
[6]
renteral exposures in an unregulated setting . Hence,
according to the HCV Guidance Panel, individuals with
body piercings/tattoos obtained outside of licensed
parlors should undergo HCV testing. Furthermore, this
practice would also likely capture medical procedures
where strict infection control may not have been fol
lowed, both domestically and internationally. While the
higher prevalence of HCV in homeless populations is
acknowledged by the HCV Guidance Panel, the homeless
are not specifically named as a group for testing at this
time. Although several studies have noted prevalence
rates above 10% in several homeless populations in the
United States, it is believed that the risk is often due to
high rates of substance use disorders, which would be
captured by the HCV Panel guidance to test injection
[30]
and intranasal drug users . Sexual transmission of
HCV is generally considered inefficient except among
HIV-infected MSM; therefore, guidance related to sexual
transmission categories for the general United States
population have not been included as an HCV testing

RESULTS
Of the 51 countries categorized as very high HDI, 16,
including the United States were found to have HCV
[6,10-26]
testing recommendations (Table 1)
. Of these 16
countries, 15 had HCV testing recommendations that
were primarily risk-based and highlight behaviors, expo
sures, and conditions that are associated with HCV trans
mission in that region. In addition to risk-based testing,
the HCV Panel guidance incorporates CDC and USPSTF
recommendations for a one-time test for individuals born
during 1945-1965 (the birth cohort) without prior ascer
[6-8]
tainment of risk . Six additional countries have either
an age-based testing recommendation or recommend
one-time testing for all adults independent of risk factors.
In the United States, individuals born from 1945-1965
are included in both CDC and USPSTF HCV testing recom
mendations as they account for 75% of all HCV infections
and evidence confirmed that a risk-based strategy alone
failed to identify more than 50% of HCV infections due
to provider and patient barriers in correctly ascertaining
[6,27]
risk
.
The HCV Panel guidance recommends one-time tes
ting for all HIV-positive individuals and for any persons
about to start pre-exposure prophylaxis (PrEP) for HIV.
The HCV Panel guidance also recommends annual HCV
testing for persons who inject drugs and for HIV-infected
men who have unprotected sex with men.
As of 2017, the HCV testing categories identified in
other very high HDI countries not included in the HCV
Panel guidance are: (1) Acute hepatitis or hepatitis
symptoms; (2) Receiving an immunization or a medical
procedure in a specified country or in a country where
hepatitis C is common or where universal precautions
are not in place; (3) Body piercing or tattoo history; (4)
Hemophilia history; (5) Hepatitis A or B infection history;
(6) Homeless persons; (7) Immigrants or visitors from
countries where HCV is endemic; (8) Liver Cancer; (9)
Living with, or sexual partner of, HCV-positive person;
(10) Multiple sex partners, history of sexually transmitted
infections (STIs), or high risk sexual behaviors; and (11)
Attending STI clinic (± any risk factors)

DISCUSSION
The HCV Panel guidance is based on epidemiologic data
and behaviors, exposures, and conditions associated with
acquisition of HCV infection in the United States and are
[6]
compiled by the expert panel and reviewed regularly .
As a result of this initial work in 2014, solid organ donors
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Dirección de Sida y ETS, Ministerio de Salud de la Nación
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National HCV Testing Policy Expert Reference Committee
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Canadian Task Force on Preventive Health Care
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Ministerio de Salud de Chile (Chilean Ministry of Health)
Denmark
Sundhedsst-yrelsen (Danish Health Authority)
Finland
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Yr
Abnormal
Acute hepatitis or
Recommendations
Aminotransferases hepatitis symptoms
approved

Table 1 Hepatitis C virus testing recommendations from the top quartile of human development index countries
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HIVpositive
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Table 1 Hepatitis C virus testing recommendations from the top quartile of human development index countries
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[31]

States and other high-income countries. In preparation for making updates to
the HCV Panel guidance, HCV testing recommendations from the top quartile of
United Nations Human Development Index (HDI) countries were evaluated for
similarities and differences.

category . STI clinics are also not currently included
in the HCV Panel guidance. Data suggest that STI clinic
populations have higher prevalence rates of HCV in
fection than the general population due to overlapping
risk factors of sexually transmitted infections and
[32,33]
hepatitis C
. However, the higher prevalence of HCV
infection in STI clinic populations is often attributed to the
birth cohort (individuals born between 1945 and 1965)
and injection drug use, risk groups captured elsewhere
[32-35]
in the guidance
. Finally, while the HCV Guidance
Panel continues to review evidence on immigrants/visi
tors from countries where HCV is endemic, any future
guidance for HCV testing among foreign-born individuals
would need to account for geographic disparities in HCV
prevalence and practicalities in implementing this in cli
[36,37]
nical practice settings
. As an example of how this
might be implemented, in 2008 the CDC recommended
hepatitis B screening for persons born in regions of high
and intermediate HBV endemicity (HBsAg prevalence >
[38]
2%) .
Our report has the following limitations. Our search
methodology may have missed recommendations
and/or classified recommendations incorrectly from
some very high HDI countries due to search terms not
capturing relevant information in different languages,
recommendations not being accessible on the Internet at
the time of the searches, or misinterpretation of the role
of the government’s involvement in development of the
recommendations. Additionally, some governments may
rely on international or national organizations for recom
mendations on hepatitis C testing without publishing their
own recommendations.
This review affirmed the similarities of the HCV Panel
guidance with those of very high HDI countries. No
significant gaps in the guidance were identified. HCV
testing recommendations from very high HDI countries
will be continually reviewed and as new risk categories or
universal screening recommendations are identified, they
will be considered for incorporation into the HCV Panel
guidance when peer-reviewed evidence is available to
support the incorporation of the HCV testing practices in
the United States.

Research objectives

The main objective of this study was to identify HCV testing recommendations
from the top quartile of United Nations HDI countries. The identified HCV
recommendations were evaluated for similarities and differences. These data
have been used periodically by the HCV Guidance Panel to explore HCV
testing recommendations globally for comparison to the United States for
consideration in updating the HCV Panel guidance when additional peer-review
data is available to support inclusion of the category in the United States.

Research methods

A comprehensive search for current HCV testing recommendations from the
top quartile of HDI countries was performed using a Google search with a
combination of free text terms. Relevant terms included: country name, hepatitis
C, HCV, screening, testing, recommendations, and guidelines. The Google
results were then reviewed with experts in the field of hepatitis C (including
email and in-person interviews) inquiring about any additional countries known
to have HCV testing recommendations. Testing recommendations were
considered if they were from a government body or represented collaborative
recommendations between a government and a medical organization. To
be included in our analysis, recommendations needed to be available online
May 1, 2014-October 2, 2017. From May 1-October 30, 2014, two reviewers
performed the initial searches and engaged consultants to identify HCV
testing recommendations from very high HDI countries. Two reviewers rereviewed HCV testing recommendations through Google searches and follow
up with expert consults from April 1-October 2, 2017 to identify and update any
changes.

Research results

Of the 51 countries identified, 16 had HCV testing recommendations from
a government body or recommendations issued collaboratively between a
government and a medical organization. Of these 16 countries, 15 had HCV
testing recommendations that were primarily risk-based and highlight behaviors,
exposures, and conditions that are associated with HCV transmission in that
region. In addition to risk-based testing, the HCV Guidance Panel (United
States) incorporates recommendations for a one-time test for individuals born
during 1945-1965 (the birth cohort) without prior ascertainment of risk into
their guidance. In addition to the United States, six other countries either have
an age-based testing recommendation or recommend one-time testing for all
adults independent of risk factors typical of the region.

Research conclusions

This review affirmed the similarities of the HCV Guidance Panel’s guidance
with those of recommendations from very high HDI countries. As a result of this
initial work in 2014, solid organ donors (deceased and living) were identified
as a group not included in the guidance and were thus considered for review.
After additional review of the available literature on the subject, donors were
added to the HCV Panel guidance in 2014 and given an evidence of rating of
Class I, Level B. Prior to this, donors had not been explicitly named as a testing
category but were discussed in the text below the testing guidance.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis C virus (HCV) infection, the leading cause of liver cancer and liver
failure, is now curable with the recent emergence of short-duration, nontoxic, all-oral therapies. This breakthrough in curative therapies for HCV
infection has renewed interest in developing mechanisms to improve the
HCV care continuum (testing, linkage to care, treatment initiation, cure). This
renewed interest in HCV has led to many countries updating their HCV testing
recommendations.

Research perspectives

HCV testing recommendations from very high HDI countries will be continually
reviewed and as new risk categories or universal screening recommendations
are identified, they will be considered for incorporation into the HCV Panel
guidance when peer-reviewed evidence is available to support the incorporation
of the HCV testing practices in the United States.

Research motivation

The United States HCV Guidance Panel provides healthcare professionals
with a single web-based resource for evidence-based, expert-developed
recommendations for hepatitis C testing and management. HCV recom
mendations in countries around the world have been recently updated due to
advances in HCV treatment. However, this data is not compiled in a central
location. This report investigates HCV testing recommendations from the United
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AIM
To review current literature of thrombosis prophylaxis
in pediatric liver transplantation (PLT) as thrombosis
remains a critical complication.
METHODS
Studies were identified by electronic search of MEDLINE,
EMBASE and Cochrane Library (CENTRAL) databases
until March 2018. The search was supplemented by
manually reviewing the references of included studies
and the references of the main published systematic
reviews on thrombosis and PLT. We excluded from this
review case report, small case series, commentaries,
conference abstracts, papers which describing less than
10 pediatric liver transplants/year and articles published
before 1990. Two reviewers performed study selection
independently, with disagreements solved through
discussion and by the opinion of a third reviewer when
necessary.
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RESULTS
Nine retrospective studies were included in this review.
The overall quality of studies was poor. A pooled analysis
of results from studies was not possible due to the
retrospective design and heterogeneity of included
studies. We found an incidence of portal vein thrombosis
(PVT) ranging from 2% to 10% in pediatric living donor
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liver transplantation (LDLT) and from 4% to 33% in
pediatric deceased donor liver transplantation (DDLT).
Hepatic artery thrombosis (HAT) was observed mostly
in mixed LDLT and DDLT pediatric population with an
incidence ranging from 0% to 29%. In most of the
studies Doppler ultrasonography was used as a first
line diagnostic screening for thrombosis. Four different
surgical techniques for portal vein anastomosis were
reported with similar efficacy in terms of PVT reduction.
Reduced size liver transplant was associated with a low
risk of both PVT (incidence 4%) and HAT (incidence
0%, P < 0.05). Similarly, aortic arterial anastomosis
without graft interposition and microsurgical hepatic
arterial reconstruction were associated with a significant
reduced HAT incidence (6% and 0%, respectively).
According to our inclusion and exclusion criteria, we did
not find eligible studies that evaluated pharmacological
prevention of thrombosis.

Key words: Pediatric liver transplantation; Prophylaxis;
Hepatic artery thrombosis; Surgical technique; Portal
vein thrombosis

thrombosis (PVT) are one of the most frequent
and
[1,2,6-9]
serious causes of graft loss and also patient death
.
In particular HAT is an extremely serious complication
resulting in bile duct necrosis and often requiring retrans
[10,11]
plantation
. Thrombosis of other intra-abdominal
vessels, such as the hepatic vein and inferior vena cava
[6,11,12]
occurs less frequently
. In the first years of PLT the
observed incidence of thrombosis was very high, up to
[13-15]
42%
. In the last years, an improvement of periope
rative care has significantly decreased the thrombosis
[1-3]
incidence . More recently, an incidence rate of HAT
ranging from 2% to 10% after liver transplantation
[1,6,7,11]
in the pediatric population has been reported
;
likewise, the incidence rate of PVT ranged from 2% to
[1,6,7,9]
10%
.
In this context, the prevention of HAT and PVT remains
very important for PLT outcome and it should be a matter
of primary interest for clinicians and researchers, consi
[1,2,11,12,16-18]
dering the ongoing scarcity of hepatic allografts
.
In clinical practice, there is not a standardized appro
ach for thrombosis prevention in PLT. Different surgical
techniques and pharmacological prophylaxis have been
[1,5,6,12,14,19-27]
purposed in several studies
. Therefore, we
performed a systematic review of current literature about
surgical and pharmacological prophylaxis for prevention
of thrombosis after PLT to evaluate the current evidence
available.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

CONCLUSION
Poor quality retrospective studies show the use of tai
lored surgical strategies might be useful to reduce HAT
and PVT after PLT; prospective studies are urgently
needed.

Search strategy

Core tip: Graft loss and patient death after pediatric
liver transplantation (PLT) are most frequently caused
by hepatic artery thrombosis and portal vein throm
bosis. For this reason, the prevention of hepatic artery
and vein thrombosis represents a primary interest for
clinicians and researchers, considering the scarcity of
hepatic allografts. In our systematic review, we found
only nine poor quality retrospective studies showing
that tailored surgical strategies might be useful to
reduce thrombosis. We did not find eligible studies
evaluating pharmacological prevention strategies. Pro
spective studies are urgently needed to standardize
thrombosis prevention in PLT.

The publications were selected through an electronic
search of the MEDLINE and EMBASE and Cochrane
Library (CENTRAL) databases up to March 2018. The
search strategy used the following Medical Subject
Headings (MeSH) and EMTREE terms and text words:
(“liver transplantation”/exp OR “liver transplantation”)
AND (“thromboembolism”/exp OR “thromboembolism”
OR “ischemia”/exp OR “ischemia” OR “vascular disease”
/exp OR “vascular disease”) AND (“prophylaxis”/exp
OR “prophylaxis” OR “prevention”/exp OR “prevention”)
AND ([newborn]/lim OR [infant]/lim OR [child]/lim OR
[preschool]/lim OR [school]/lim OR [adolescent]/lim).
In addition the references of the selected studies and
[11,17]
two systematic reviews on thrombosis and PLT
were screened to identify further relevant studies.
Two reviewers (Giulia Maria Ruggeri and Giovanna
Colombo) performed an independent study selection,
solving any disagreements through discussion and the
opinion of a third reviewer (Mirco Nacoti). They obtained
study characteristics like year of publication, design,
study centre, patients’ characteristics like number, mean
age and gender, treatments and number of arterial and
venous thrombotic complications.
The following criteria were needed in order to be
considered potentially eligible for this systematic review:
(1) phase Ⅲ randomized clinical trials or cohorts includ
ing case series with more than 10 patients undergoing

Nacoti M, Ruggeri GM, Colombo G, Bonanomi E, Lussana
F. Thrombosis prophylaxis in pediatric liver transplantation:
A systematic review. World J Hepatol 2018; 10(10): 752-760
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v10/i10/752.htm DOI: http://dx.doi.org/10.4254/wjh.v10.i10.752

INTRODUCTION
Vascular complications are relevant causes of poor
outcome for patient and allograft after pediatric liver
[1-5]
transplantation (PLT) . Among vascular complications
of PLT hepatic artery thrombosis (HAT) and portal vein
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Records identified from database
searching (n = 550)

Additional records identified through manually
reviewing the references lists of all retrieved
articles and of two published systematic reviews
(n = 10)

Potentially relevant studies identified
and screened for retrieval (n = 560)

Studies excluded after screening of
their titles and abstracts, based on
inclusion criteria
(n = 525)

Studies retrieved for detailed
evaluation (n = 35)

Studies excluded after articles screening
Publication date before 1990 (n = 2)
Only abstract (n = 4)
Studies without a comparator group (n = 13)
Studies without data about thrombotic events
(n = 7)

Studies included in the systematic
review (n = 9)

Figure 1 Flow-chart of study selection process.

elective PLT (age ranged from 0 to 18 years); and (2)
reporting arterial and venous thrombosis as primary or
secondary events in all different groups according to the
used prophylaxis strategy. If data from a study were
reported in several publications, data from the most
recent paper were used. Studies describing less than
10 PLT/year were excluded as significant high mortality
[28,29]
is associated with low volume center
. Articles pub
lished before 1990 were also excluded because new
developments in perioperative PLT have dramatically
[1-3]
improved the survival .

560 publications (550 retrieved with the electronic
search strategy and 10 by manually reviewing the re
ference lists of all retrieved articles) were identified.
After reading their titles and abstracts 525 were
excluded, according to inclusion and exclusion criteria.
The remaining 35 publications were analyzed in full
for detailed evaluation. Twenty-six papers were elimi
nated for the following reasons: Publication date before
1990 (n = 2), only abstract (n = 4), studies without a
comparator group (n = 13) and studies (n = 7) which
did not contain explicit data about pediatric thrombotic
events.
[31-39]
Nine manuscripts
, which included a total of
1034 PLT in 991 subjects, were included in this syste
matic review (Table 1). None of the all included studies
were at high risk of bias according to pre-defined
requirements (Table 2). In particular, no study were
prospective, only 7 studies reported thrombosis as a
pre-defined outcome, and 8 studies detailed how the
diagnosis of thrombosis had been made. The poor
quality and the heterogeneity of included studies did not
allow us to perform a pooled analysis of results.

Risk of bias assessment

Although the evaluation of quality for observational
[30]
studies is controversial , Giulia Maria Ruggeri and
Giovanna Colombo assessed the risk of bias using
the following items for cohort studies: Type of study
(prospective or retrospective); selection of the pati
ents (consecutive or not); thrombosis as pre-specified
outcome; quality of measurements (studies in which
thrombotic events were measured in an objective way
were considered higher quality than studies without
these characteristics). A scoring system was put in place
to identify the following two quality categories: Studies
at low-risk of bias (4 points) and studies at high-risk of
bias (≤ 3 points).

Incidence of the artery and PVT

Table 1 shows detailed incidence of artery and PVT as
reported in the included studies. Most studies reported
a total incidence (early and late) of thrombosis. The
incidence of PVT varies from 2% to 10% in pediatric
[37,39]
living donor liver transplantation (LDLT)
and from
33% in pediatric LDLT to 4% in pediatric deceased donor
[33]
liver transplantation (DDLT) with reduced graft . HAT
is presented mostly in mixed LDLT and DDLT pedia

RESULTS
Results of the search strategy

The study process is presented in Figure 1. A total of

WJH|www.wjgnet.com

754

October 27, 2018|Volume 10|Issue 10|

Nacoti M et al . Thrombosis in PLT
Table 1 Summary of findings of the nine included studies
Reference
Sabra et
al[37]

Julka et al[38]

Country Population (n ) Study design
Japan

113 pediatric
LDLT

Taiwan

87 pediatric
LDLT

Retrospective

Method used for diagnosis
and follow-up duration

Intervention

Outcome

Doppler US twice daily PV reconstruction with Preoperative recipient
till 1st week.
VG (31 pts)
factors
If any PV complications PV reconstruction with
PVT incidence
were found, specific tests
EEA (82 pts)
Pt survival
such as angiography were
Graft survival
performed
1 yr of follow-up

Retrospective Routine doppler US post HA reconstruction with
HAT incidence
LT; CT angiography for
two arterial stumps.
BC incidence
HAT confirmation
2 HA stumps with 2 HA
5 yr of follow-up
reconstruction = 20 pts
2 HA stumps with 1 HA
reconstruction = 22 pts
1 HA stump with 1 HA
reconstruction = 45 pts
Saad et al[39]
Japan
110 LDLT in Retrospective Doppler US, performed Different types of portal
C
pediatric pts
LDLT
routinely before, during
vein reconstructions
TC
and after surgery
Type 1: End- to- end
SC
Follow-up not defined
anastomosis = 36 pts
Survival rate
Type 2: Branch patch
anastomosis = 27 pts
Type 3: Anastomosis to
the confluence (superior
mesenteric vein-splenic
vein) = 16 pts
Type 4: Vein graft = 32
pts Chosen according to
the surgical evaluation
Shackleton California 194 pediatric Retrospective Clinical suspect confirmed
Gr 1: Conventional
Risk factors for HAT
et al[31]
OLT for
by angiography and/or artery reconstruction (n Impact of MHR on
biliary atresia
surgical exploration.
= 166)
incidence of HAT,
(mixed LDLT
3 yr of follow-up
Gr 2: MHR (n = 28)
need of re-OLT,
and DDLT)
patient and graft
survival

López et
al[32]

Spain

104 OLT in 82 Retrospective Doppler US routinely and
pediatric pts
selective arteriography
(mixed LDLT
for confirmation.
and DDLT)
3 yr of follow-up

Arterial
revascularization
technique:
Gr 1 (n = 48) AhG
Gr 2 (n = 56) EEA
Chosen according to the
surgical evaluation

HAT incidence
Survival rate

Millis et
al[33]

Illinois

66 pediatric Retrospective
LDLT and
48 pediatric
cadaveric RLT

Portal anastomosis with
venous graft conduit in
LDLT
Gr 1 (n = 18): Native
reconstructed vein
Gr 2 (n = 37):
Cryopreserved iliac
vein;
Gr 3 (n = 11):

Incidence of PVC
Graft survival
Patient survival
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Doppler US every day
for the first 3 d and at 1,
3, 6, 12, 18, and 24 mo
after transplantation
+ angiography for
confirmation
5 yr of follow-up
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Main results
Global incidence PVT
(2.6%) in the first 3 mo
after OLT
1 PVT in 31 VGs vs 2
PVT in 82 without VGs
No significant
difference for PVT,
Pt survival, Graft
survival
In the two groups
Overall HAT incidence
6.9%
The incidence of HA
thrombosis and biliary
complications was
similar in the three
groups
Type 1: 1 SC / 36 pts
Type 2: 2 TC / 27 pts
Type 3: 0 / 16 pts
Type 4: 1 TC / 32 pts
Overall survival rate
86%

Impact of MHR
HAT incidence: Gr 1
32/166 (19%) vs Gr 2
0/28 (0%), P = 0.006
Re-OLT: Gr 1 31/166
(19%) vs Gr 2 1/28
(4%), P = 0.05
1 yr actuarial survival:
Gr 1 81% vs Gr 2 100%,
P = 0.02 (univariate
analysis)
BUT P = 0.076 in step
wise Cox regression
for patient survival
HAT incidence
Gr 1. (AhG): 6.25%
Gr 2. (EEA): 8.92% (P
not significant)
Graft Survival rate (1
yr)
61.5% (AhG) vs 60%
(EEA) (P < 0.05)
Graft survival rate (5
yr): 77.5% (AhG) vs
75.1% (EEA) (P < 0.05)
Incidence PVC LDLT
33/66 (50%) vs RLT
4/48 (8%) P < 0.0001
Early PVT
LDLT Gr 1: 6 (33%)a
LDLT Gr 2: 3 (8%)
LDLT
Gr 3: 1 (9%)
RLT: 2 (4%)
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a

Cryopreserved femoral
vein

Jurim et
al[34]

California

35 pediatric
OLT
Emergency
transplants
only (type
of donor not
specified)

Retrospective

Yandza et
al[35]

France

143 DDLT in
122 pediatric
pts

Retrospective

Stevens et
al[36]

Chicago

134 OLT in
100 pediatric
pts < 2 yr :
mixed LDLT
and DDLT

Retrospective

Not reported.
Follow-up not defined

Gr 1: RLT = 7 pts
HAT incidence
Gr 2: Whole graft = 18
Incidence of other
pts
complications: Biliary;
bleeding; chronic
rejection

Doppler US daily the
Gr 1 (n = 41 pts, n = 50
Effect of the site of
first 15 d, twice/wk until grafts) children < 10 kg
liver graft arterial
discharge
Gr 2 (n = 81 pts, n = 93
inflow on HAT
Follow-up not defined
grafts) children > 10 kg incidence according to
Surgical technique: EEA the recipient weight
vs AhG

Doppler US, frequency
not defined
Follow-up

60 standard whole liver
Effect of the graft
vs 74 RLT (13 LDLT)
type and site of
Surgical technique:
arterial inflow on the
Arterial inflow with
Incidence of HAT
83 hepatic artery vs
32 celiac artery vs 5
supraceliac aorta vs 27
infrarenal aorta vs 7
unusual reconstruction

P < 0.005 vs RLT
Late PVC
LDLT Gr 1: 3 (16%)
LDLT Gr 2: 19 (51%)a
LDLT Gr 3: 1 (9%)
RLT: 2 (4%)
a
P < 0.005 vs RLT; P <
0.02 vs Gr 1 and Gr 3
Graft survival
PVC: 61%
No PVC: 67%, P = NS
Patient survival: PVC:
67%
No PVC: 71%, P = NS
HAT: Gr 1:0 (0%)/Gr
2:5 (29%) (P < 0.05)
The incidence of
biliary complications,
bleeding (requiring
surgical exploration)
and chronic rejection
were similar between
the groups
Overall HAT
incidence: 14/143
(10%)
HAT incidence
between the 2 groups:
Gr 1: 6/50 (12%) vs
Gr 2: 8/93 (9%), P not
significant; Gr 1 EEA
5/31 (16%) vs Gr 1
AhG 1/19 (5%); P not
significant
Gr 2 EEA 4/60 (6%) vs
Gr 2 AhG 4/32 (12%)
P not significant
HAT incidence in 25%
whole liver transplant
vs 23% in LDLT vs
15% RLT (P = 0.06)
Aortic anastomosis
(supraceliac and
infrarenal) reduces
incidence of HAT (6%
vs 24%, P = 0.02)

BA: Biliary atresia; BW: Body weight; CTA: CT angiography; Gr: Group; GRWR: Graft-to-recipient weight ratio; HAG: Hepatic artery graft; LT: Liver
transplantation; OLT: Orthotopic liver transplantation; Pt: Patient; RLT: Reduced size liver transplantation; re-OLT: Re-transplantation; SC: Stenotic
complication; TC: Thrombosis complication; US: Ultrasonography; LDLT: Living donor liver transplantation; PV: Portal vein; VG: Vein graft; EEA: Endto-end anastomosis; PVT: Portal vein thrombosis; HAT: Hepatic artery thrombosis; HA: Hepatic artery; BC: Biliary complications; C: Complications;
MHR: Microsurgical hepatic arterial reconstruction; AhG: Aortohepatic interposition graft; PVC: Portal vein complications; DDLT: Deceased donor liver
transplantation.

tric population; incidence of HAT varies from 0% to
[31,32,34-36,38]
29%
.

analyzed. In LDLT there are four different modalities
to perform portal vein anastomosis: (1) standard
[37,39]
reconstruction with end to end anastomosis
; (2)
reconstruction with anastomosis to the bifurcation of the
[39]
recipient left and right vein ; (3) reconstruction with
anastomosis to the confluence of the recipient mesenteric
[39]
vein ; and (4) reconstruction with an interposition of
[33,37,39]
vein graft
. The overall results of different techniques
were similar. The choice of the type of reconstruction
depended on the size (length and diameter) and quality
of the portal vein and size mismatch between donor and
[33,37,39]
[33]
recipient portal vein
. Millis et al
showed a low
PVT incidence with reduced size liver transplant (RLT) [4%

Screening protocol for thrombosis detection

Most of the studies used Doppler ultrasonography (US)
[32,33,35-39]
as a first line diagnostic screening for thrombosis
;
frequency and duration of the screening is quite variable.
Confirmation of the thrombosis detected by a second
level diagnostic test, such as computer CT angiography,
[31-33,37,38]
surgery or other methods is rarely specified
.

Intraoperative surgical prophylaxis

Table 1 summarizes the main results of the studies
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Table 2 Risk of bias and quality of the studies
Reference

Study design

Consecutive enrolment Thrombosis as pre-defined outcome

Shackleton et
al[31]

Retrospective

Yes

López et al[32]

Retrospective

Yes

No

Millis et al[33]
Jurim et al[34]
Yandza et al[35]
Stevens et al[36]
Sabra et al[37]
Julka et al[38]
Saad et al[39]

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes, PVT
Yes, HAT
Yes, HAT
Yes, HAT
Yes, PVT
No
Yes, PVT

Yes, HAT

Methods use to the diagnosis of thrombosis
Clinical grounds and angiography and/or surgical
exploration for confirmation
Doppler US and angiography for confirmation, post
mortem second confirmation
Doppler US and angiography for confirmation
Not reported
Doppler US
Doppler US
Doppler US
Doppler US and angiography for confirmation
Doppler US

PVT: Portal vein thrombosis; HAT: Hepatic artery thrombosis; US: Ultrasonography.

vs 33% with whole liver transplant (WLT) and native
reconstructed vein, P < 0.005]; RLT was developed in
attempt to resolve the mismatch size liver between donor
and recipient and was applied to split liver transplantation
and LDLT.
Three different surgical procedures seemed to reduce
HAT incidence: RLT with cadaveric left lobe [incidence
[34]
0% vs 29% with WLT, P < 0.05 ]; aortic arterial ana
stomosis without graft interposition [incidence 6% vs
[36]
24% in celiac-hepatic artery anastomosis, P = 0.02 ]
and microsurgical hepatic arterial reconstruction (MHR)
[incidence 0% vs conventional artery reconstruction, P
[31]
= 0.006 ].
[32]
[35]
López et al and Yandza et al did not find signi
ficant HAT difference between end-to-end anastomo
[38]
sis and aortohepatic interposition graft; Julka et al
showed that single hepatic artery reconstruction did not
increase the HAT incidence in pediatric LDLT having dual
hepatic arterial stump in the liver graft.

conclusions.
Accordingly, the aim of this systematic review was
to identify evidence based methods both surgical and
pharmacological for the prevention of thrombosis after
PLT. In this systematic review, we found no prospective
studies and only 9 retrospective studies with a control
group referred to surgical prevention.
[34]
RLT (with left lobe or segment of left lobe)
direct
[31]
aortic anastomosis and MHR
seem the best surgical
options for reducing thrombotic complications in PLT,
but the impact of RLT and aortic anastomosis on HAT
[36]
[32,35]
were not confirmed by Stevens and López-Yandza
respectively. MHR is an arterial reconstruction performed
with an operating microscope; it was introduced by the
Kyoto group for the fine graft arteries (less than 2 mm
[42]
in diameter) in LDLT . The amazing results of MHR (0
[31]
HAT in 28 PLT) need to be confirmed in a larger clinical
trial. It is worth noting that one of the most extensive
studies about incidence and risk factors for vascular
complication in liver transplantation was excluded from
this systematic review because it included a mixed adult
and pediatric population, without an appropriate control
[1]
group .
Pharmacological prophylaxis is a relevant topic in
[1,9,11-13,17,22-24,26]
PLT. Several studies
reported their expe
rience using different drugs, such as unfractionated
heparin, low molecular weight heparin, vitamin K an
tagonist fresh frozen plasma, aspirin, dipyridamole,
antithrombin concentrate, dextran 40, thrombin inhi
bitor, prostaglandin. Unfortunately, in these studies
there was not a comparator group, necessary in order
to achieve formal proof of efficacy and safety and
according to the inclusion criteria of this systematic
review. In this regard, for example, aspirin is one of the
[11,14,17]
most extensive drugs used for HAT prevention
,
but without formal evidence derived from prospective
clinical trials.
The careful search of the literature and the inclusion
of different types of studies are the main strengths of
this review. Nevertheless, our study presents some
weaknesses. First, the risk of thrombosis might have
been underestimated because we assumed not all

Post-operative pharmacological prophylaxis

No studies on pharmacological prophylaxis compared
clinical outcomes according to different treatments
[1,9,11-13,17,22-24,27]
used
.

DISCUSSION
Vascular thrombotic complications were a serious lifethreatening complication in the first year of PLT with
an incidence up to 42% associated with mortality up to
[13–15]
50%
. Although factors causing thrombotic compli
[15]
cations are not fully understood , a global improve
ment of perioperative care has significantly decreased
[1-3,6,7,9,11]
the thrombosis incidence in the last 20 years
.
Several retrospective studies without control group tried
to identify factors for thrombosis; among them should
be mentioned medical factors, such as administration
of fresh frozen plasma, elevated hematocrit, protein
[1,14,40,41]
C deficiency
and surgical factors, such as cold
ischemia time, technique of anastomosis, small vessel
diameter, the use of aortic grafts, donor arterial anatomy
[1,7,14,31,36]
and reconstruction
, but without any definitive
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Research perspective

authors systematically reported thrombotic events.
Second, the description of methods for preventing
vascular thromboses may be incomplete because only
studies reporting the outcome were considered.
Although, HAT and PVT incidence has decreased in
[1-3,6,7,9,11]
the last decades
, they remain one of the more
frequent and serious complications causing a poor
[1,2]
outcome after PLT . Furthermore, the old question
[14]
“thrombosis after PLT - a medical or surgical event?”
remains an unresolved issue. Concerning this, our
systematic review of studies, in which different pro
phylaxis strategies were tested for the prevention of
HAT and PVT failed to provide enough evidence for a
definitive conclusion due to the poor quality of studies
[31-39]
found
. However, our analysis emphasizes the need
of developing well-designed clinical studies in order to
correctly determine PLT-associated thrombosis risk and
to define an evidence-based antithrombotic prophylactic
[43]
strategy. The recent “single ventricle trial”
showed
that randomized clinical trials are possible also in the
pediatric surgery area.

This systematic review showed there is no evidence based strategy for
thrombosis prevention in PLT. Prospective studies are urgently needed. The
recent “single ventricle trial” showed that randomized clinical trials are possible
also in the pediatric surgery area.
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Abstract
AIM
To assess prevalence of pre-existing atrial fibrillation
(AF) and/or incidence of AF following liver transplan
tation, and the trends of patient’s outcomes overtime;
to evaluate impact of pre-existing AF and post-operative
AF on patient outcomes following liver transplantation.

Conflict-of-interest statement: The authors deny any conflict
of interest.

METHODS
A literature search was conducted utilizing MEDLINE,
EMBASE and Cochrane Database from inception through
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March 2018. We included studies that reported: (1) pre
valence of pre-existing AF or incidence of AF following
liver transplantation; or (2) outcomes of liver transplant
recipients with AF. Effect estimates from the individual
study were extracted and combined utilizing randomeffect, generic inverse variance method of DerSimonian
and Laird. The protocol for this meta-analysis is register
ed with PROSPERO (International Prospective Register
of Systematic Reviews, No. CRD42018093644).

are potentially associated with poor clinical outcomes
post liver transplantation.
Chokesuwattanaskul R, Thongprayoon C, Bathini T, Ungprasert
P, Sharma K, Wijarnpreecha K, Pachariyanon P, Cheungpasitporn
W. Liver transplantation and atrial fibrillation: A meta-analysis.
World J Hepatol 2018; 10(10): 761-771 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i10/761.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.i10.761

RESULTS
Twelve observational studies with a total of 38586 liver
transplant patients were enrolled. Overall, the pooled
estimated prevalence of pre-existing AF in patients
undergoing liver transplantation was 5.4% (95%CI:
4.9%-5.9%) and pooled estimated incidence of AF
following liver transplantation was 8.5% (95%CI:
5.2%-13.6%). Meta-regression analyses were perfor
med and showed no significant correlations between
year of study and either prevalence of pre-existing AF (P
= 0.08) or post-operative AF after liver transplantation
(P = 0.54). The pooled OR of mortality among liver
transplant recipients with pre-existing AF was 2.34 (2
studies; 95%CI: 1.10-5.00). In addition, pre-existing
AF is associated with postoperative cardiovascular com
plications among liver transplant recipients (3 studies;
2
OR: 5.15, 95%CI: 2.67-9.92, I = 64%). With limited
studies, two studies suggested significant association
between new-onset AF and poor clinical outcomes inclu
ding mortality, cerebrovascular events, post-transplant
acute kidney injury, and increased risk of graft failure
among liver transplant recipients (P < 0.05).

INTRODUCTION
Atrial fibrillation (AF) is one of the most common heart
diseases, affecting 3 to 6 million populations in the
United States, almost 30 million people worldwide,
which is expected to reach 50 million peoples world
[1-4]
wide in 2050 . Patients with AF carry a higher risk of
[5,6]
adverse cardiovascular events and reduced survival .
Incidence of AF increases with age. At the same time,
aging population is likely to develop other chronic
diseases and one of them is end-stage liver disease or
[7-9]
cirrhosis . This treatment of cirrhosis comprises of
multidisciplinary approach ranging from very simple,
symptomatic treatment with diuretic or treatment of
primary cause, down the road to the most advanced
[10-13]
treatment; liver transplantation
.
Liver transplantation is the treatment of choice for
[10,13]
. In 2017, around 8000
end-stage liver diseases
patients all over the United State suffered from endstage liver disease receiving liver transplantation and
the number trends to increase 3% to 5% annually in
the past 20 years along with the excellent outcomes
with almost 95% survival rate at 1-year post-procedure
and some patients could live even more than 30 years
[14-17]
after liver transplantation
. Recent advances in
basic and clinical sciences, including surgical technique,
immunosuppressive therapy and postoperative suppor
tive care, have led to the substantial improvement in
[18,19]
quality of life and survival after liver transplantation
.
In addition, higher risk patients tend to receive trans
plantation in a higher proportion than they did before.
In the view of higher risk patients, they tend to carry
the risk factors that accompany with older age such as
cardiovascular diseases.
In transplant centers, AF and liver transplanta
tion are entities that we commonly encounter in the
[20-23]
practice
. However, the occurrence rates of preexi
sting AF and AF following liver transplantation as well
as clinical outcomes of liver transplant patients with
[20-31]
AF remain unclear
. Thus, we conduct this metaanalysis: (1) to assess prevalence of pre-existing AF
and/or incidence of AF following liver transplantation,
and the trends of patient’s outcomes overtime; and (2)
to evaluate impact of pre-existing AF and post-operative
AF on patient outcomes following liver transplantation.

CONCLUSION
The overall estimated prevalence of pre-existing AF and
incidence of AF following liver transplantation are 5.4%
and 8.5%, respectively. Incidence of AF following liver
transplant does not seem to decrease overtime. Preexisting AF and new-onset AF are potentially associated
with poor clinical outcomes post liver transplantation.
Key words: Atrial fibrillation; Liver; Hepatic; Transplant;
Transplantation; Systematic reviews; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Atrial fibrillation (AF) occurs in a substantial
number of postoperative and post-transplantation
patients. In addition, postoperative AF confers both
short-term and long-term morbidity and mortality in liver
transplant patients. However, the incidence of postope
rative AF in patients undergoing liver transplantation
and its impacts remain unclear. To further investigate,
we conducted a meta-analysis to assess the rates of
preexisting AF and AF following liver transplantation as
well as the outcomes of liver transplant patients with AF.
Incidence of AF following liver transplant does not seem
to decrease overtime. Pre-existing AF and new-onset AF
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the random-effect, generic inverse-variance approach
[35]
of DerSimonian and Laird . Given the possibility
of between-study variance, we used a random-effect
model rather than a fixed-effect model. Cochran’s Q test
2
and I statistic were implemented to assess heteroge
2
neity caused by between-study differences. I values of
2
0%-25% indicate insignificant heterogeneity. I values
2
of 26%-50% indicate low heterogeneity. I values of
2
51%-75% indicate moderate heterogeneity and I value
[36]
of 76%-100% indicate high heterogeneity . Egger
[37]
test was used to evaluate publication bias .

MATERIALS AND METHODS
Search strategy and literature review

We registered this systematic review protocol with
International Prospective Register of Systematic Re
views, No. CRD42018093644 (PROSPERO). We cond
ucted a systematic literature search of EMBASE (be
tween January 1988 and March 2018), Ovid MEDLINE
(between January 1946 and March 2018), and the
Cochrane Database of Systematic Reviews (from data
base inception to March 2018): (1) to estimate preva
lence of pre-existing AF and/or incidence of AF following
liver transplantation; and (2) to evaluate impact of
pre-existing AF and post-operative AF on patient
outcomes following liver transplantation. Ronpichai
Chokesuwattanaskul and Charat Thongprayoon, two
investigators, independently performed the syste
matic literature review using the search strategy that
consolidated the terms of “liver” OR “hepatic” AND
“transplant” OR “transplantation” AND “atrial fibrillation”,
described in online supplementary data 1. No language
restriction was implemented. We followed the Stren
gthening the Reporting of Observational Studies in
[32]
Epidemiology (STROBE)
and the Preferred Report
ing Items for Systematic Reviews and Meta-Analysis
[33]
(PRISMA) statement .

RESULTS
Study selection and characteristics

Applying our search strategy, 121 potential studies
were selected. Following the elimination of 83 studies
(title and abstract clearly not meeting inclusion criteria
due to study design, type of study, patient popula
tion or reported outcomes), 38 studies were included
for complete examination. After the complete review,
twenty articles were omitted because the outcome of
interest was not provided and six articles were excluded
since they were descriptive studies without data of
[20-31]
interest. Hence, we included 12 articles
into the
[20,22-24,26-30]
final analysis including 9 cohort studies
and
[21,25,31]
3 case-control studies
with 38586 liver transplant
recipients were enrolled, as demonstrated in Figure 1.
Study characteristics and quality appraisal of studies are
[20-31]
shown in Table 1
.

Study selection

Our inclusion criteria comprised: (1) clinical trials or
observational studies such as cohort, cross-sectional,
or case-control studies; (2) available data on preva
lence of pre-existing AF or incidence of AF following liver
transplantation or outcomes of liver transplant recipients
with AF; and (3) available data on prevalence, incidence,
odds ratios (OR), hazard ratios, or relative risks. Re
trieved articles were individually reviewed for eligibility
by the two investigators as mentioned prior. Inclusion
was not restricted by the size of study. Contrarieties
were discussed and solved through joint agreement.
We used Newcastle-Ottawa quality assessment scale to
assess the quality of study for cohort and case-control

Prevalence of pre-existing AF and incidence of AF
following liver transplantation

Overall, the pooled estimated prevalence of pre-exist
ing AF in patients undergoing liver transplantation was
2
5.4% [95% confidence intervals (CI): 4.9%-5.9%, I
= 66%, Figure 2]. The pooled estimated prevalence
of pre-existing AF in patients undergoing liver tran
2
splantation was 5.4% (95%CI: 4.4%-6.5%, I = 8%)
in case-control studies and 5.4% (95%CI: 4.9%-6.0%,
2
I = 75) in cohort studies, respectively, when analysis
was conducted based on type of study. The pooled
estimated incidence of AF following liver transplantation
2
was 8.5% (95%CI: 5.2%-13.6%, I = 99%, Figure
3). When analysis was performed based on type of
study, the pooled estimated incidence of AF following
liver transplantation was 9.4% (95%CI: 5.5%-15.6%,
2
I = 73%) in case-control studies and 5.3% (95%CI:
2
1.6%-16.3%, I = 99%) in cohort studies, respectively.
Meta-regression analyses were performed and sh
owed no significant correlations between year of study
and either prevalence of pre-existing AF (P = 0.08) or
post-operative AF after liver transplantation (P = 0.54),
as shown in Figures 4 and 5.

[34]

studies

, as shown in Table 1.

Data items and data collection process

We used a structured information collecting form to
collect the data from individual article including last
name of the first investigator, title, year of publication,
country that the research was carried out, baseline
characteristics of liver transplant patients, processes
utilized to diagnose AF, prevalence of pre-existing AF,
incidence of post-operative AF, patient outcomes follow
ing liver transplantation.

Statistical analysis

We used Comprehensive Meta-Analysis Version 3.3.070
software (Biostat Inc., Englewood, NJ, United States)
for all analyses. Estimated prevalence, incidence and
estimated risks from each study were incorporated by
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Data on the association between pre-existing AF and
[20,21]
the risk of mortality were limited in two studies
.
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Table 1 Main characteristic of studies included in meta-analysis of atrial fibrillation and liver transplantation
Fouad et al

[24]

VanWagner et al

[25]

Nicalau-Raducu et al

[26]

Country
Study design
Yr
Total number
Mean age ± SD
Duration (yr)
Outcome definition

Canada
United States
United States
Retrospective Cohort
Case-Control
Retrospective Cohort
2009
2012
2014
197
242
389
56
55
55
6 mo
1 yr
3.4
Cardiac complication after CV complication after LTx Early (< 1 yr) and Late (> 1
LTx
yr) post LTx AF
Outcome ascertainment
Review EKG in medical
EKG, Echo, LHC, RHC,
Review medical records
records
DSE as indicated
Incidence of pre-operative AF
NA
All
NA
12/242 (5.0%)
NASH
7/115 (6.1%)
Alcohol
5/127 (3.9%)
Incidence of post-operative AF
Intraoperative
All
All
1/197 (0.5%)
21/242 (8.7%)
12/389 (3.1%)
Early postoperative (0-30 d)
NASH
Early (< 1 yr after transplant)
3/197 (1.5%)
11/115 (9.6%)
10/389 (2.6%)
Late postoperative (1-6 mo)
Alcohol
Late (> 1 yr after transplant)
2/197 (1.0%)
10/127 (7.9%)
2/389 (0.5%)

Outcomes

Confounder adjustment
Newcastle-Ottawa scale

Country
Study design
Yr
Total number
Mean age ± SD
Duration (yr)
Outcome definition
Outcome ascertainment
Incidence of pre-operative AF

NA (study aim to identify NA (study aim to compare NA (study demonstrated
predictor of cardiac
CV event between liver
target DSE prior liver
complication 6 mo after
disease before liver
transplant associated with
LTX)
transplant)
increased risk of AF)
NA
NA
NA
S3
S4
S3
C0
C2
C3
O3
O3
O3
Vannucci et al[20]
Bargehr et al[21]
Xia et al[22]
United States
United States
United States
Retrospective Cohort
Case-Control study
Retrospective Cohort
2014
2015
2015
757
717
1387
57.9 ± 6.8
58
54
1 yr
NA
30 d
30 d and 1-yr survival after Cardiac complication after POAF (postoperative AF in
Liver Tx.
LTX
LTX)
Medical records
Review Medical records
EKG, Holter and medical
records
19/757 (2.5%)
32/717 (4.5%)
77/1387 (5.6%)

Incidence of post-operative AF

NA

1/63 (1.6%)

1-mo mortality
5.29 (1.73-16.18)
1-yr mortality
3.28 (1.63-6.59)

Intraoperative cardiac
complications
7.83 (1.94-31.49)
Mortality
1.50 (0.61-3.69)

Confounder adjustment

NA

Newcastle-Ottawa scale

S3
C0
O3

Age, MELD, donor risk
index, DM
S4
C2
E3

Outcomes
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New onset AF within
30 d after LT
102/1387 (7.4%)
Median Hospital stays
31 d (16-67) in POAF vs
20 d (12-37)
AKI
2.5 (1.06-5.70)
Mortality
2.36 (1.45-3.85)
Graft failure
2.28 (1.44-3.59)
Age, MELD, intraoperative
blood transfusion
S4
C2
O3

Josefsson et al

[27]

Sweden
Retrospective Cohort
2014
186
52
4
Incident cardiac event post LTx
Review medical records
Atrial fibrillation/flutter
4/186 (2.2%)

Arrhythmia (mainly AF or
flutter)
All
36/186 (19.4%)
Peri-transplant
24/186 (12.9%)
Late
12/186 (6.5%)
NA (study aim to assess
pretransplant EKG as a predictor
of post liver transplant event)
NA
S4
C2
O3
Piazza et al[23]
Italy
Retrospective Cohort
2016
143
55
3
Incident AF (also other CVE) in
NASH and alcoholic s/p LTx
Review medical records
Alcoholic cirrhosis
2/65 (3.1%)
NASH cirrhosis
3/78 (3.8%)
2/143 (1.4%)

NA (study aim to compare
outcome as CV event after liver
transplant between patients
with NASH and those with
alcoholic cirrhosis who receive
liver transplant)

NA
S4
C2
O3
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VanWagner et al[28]
United States
Retrospective Cohort
2016
32810
55 ± 10

VanWagner et al[31]
United States
Case Control
2017
1024
56

90 d
MACE after Liver
transplantation

1 yr
CVD complication vs No
CVD complication group

Medical record in patient
admitted by MACE
1969/32810 (6.0%)
204/32810 (0.6%)

EKG, Holter and medical
records
62/1024 (6.1%)
130/1024 (12.7%)

2145/37322 (5.7%)
65/671 (9.7%)

Pre-transplant AF and 30-d
MACE (MI, HF, AF, cardiac
arrest, PE, stroke)
6.9 (5.0-9.6)
Pre-transplant AF and 90-d
MACE
6.1 (4.5-8.3)
Sex, age, history of stroke,
type of cirrhosis, and pretransplant creatinine

Pre-transplant AF and
CVD
complication
8.96 (3.70-22.0)

NA (study aim to assess
degree of renal disease to
1-yr CV outcome in liver
transplant patient)

Age, sex, race, working
status, education,
respiratory failure on
ventilator at transplant,
pulmonary hypertension,
HCC, hypertension, DM,
heart failure
S4
C2
E3

NA

Cardiomyopathy, ischemic heart
disease

S4
C2
O3

S3
C0
O3

Country
Study design
Yr
Total number
Mean age ± SD
Duration (yr)
Outcome definition

Outcome
ascertainment
Incidence of pre-operative AF
Incidence of post-operative AF

Outcomes

Confounder adjustment

Newcastle-Ottawa scale

S3
C0
O3

VanWagner et al[29]
United States
Retrospective Cohort
2018
671
Various by renal disease
classification group
NA
1-yr CV complication

Medical record

Wange et al[30]
Sweden
Retrospective Cohort
2018
63
45
10
Incident AF post LTx who
survive > 3 yr (LTx ATTRm
amyloidosis)
Echo and Holter every visit
1/63 (1.6%)
Incident AF
20/63 (31.7%)
All AF post-op
21/63 (33.3%)
(Median diagnosis 2 yr)
Cerebrovascular events (TIA,
ischemic stroke, intracerebral
hemorrhage, subarachnoid
hemorrhage)
3.8 (1.1-9.5)

ATTRm: Amyloid-forming variant Transthyretin proteins; CVD: Cardiovascular disease; HCC: Hepatocellular carcinoma; HF: Heart failure; MACE: Major
adverse cardiovascular event; MI: Myocardial infarction; AF: Atrial fibrillation; DSE: Dobutamine stress echocardiogram; EKG: Electrocardiogram; LTX:
Liver transplantation; NASH: Nonalcoholic steatohepatitis; NA: Not available; RA: Right atrium; S: Selection; C: Comparability; O: Outcome; AKI: Acute
kidney injury; POAF: Post-operative atrial fibrillation; MELD: Model for End Stage Liver Disease.

The pooled OR of mortality among liver transplant
2
recipients was 2.34 (95%CI: 1.10-5.00, I = 45%).
In addition, pre-existing AF is associated with posto
perative cardiovascular complications among liver tran
[21,28,31]
splant recipients (3 studies
; OR: 5.15, 95%CI:
2
2.67-9.92, I = 64%). New onset AF is associated with
[22,30]
poor outcomes after liver transplantation
. Wange
[30]
et al
demonstrated a significant association betw
een incident AF and cerebrovascular events in liver
transplant patients with OR of 3.80 (95%CI: 1.10-9.50).
[22]
In addition to increased mortality risk, Xia et al
de
monstrated significant associations of new-onset AF
with post-transplant acute kidney injury (OR: 2.50,
95%CI: 1.06-5.70), and increased risk of graft failure
(OR: 2.28, 95%CI: 1.44-3.59) among liver transplant
recipients.

of postoperative AF in liver transplant patients, respe
ctively. The graph is somewhat asymmetric and implies
the possibility of publication bias towards negative
studies in analysis of prevalence of pre-existing AF (P
= 0.01). However, we found no significant publication
bias in analysis evaluating incidence of postoperative
AF in liver transplant patients, P = 0.32.

DISCUSSION
In this meta-analysis, we demonstrated that end stage
liver disease patients who received liver transplanta
tion had a prevalence of AF of 5.6%, which was higher
than prevalence of AF in general patient population
[38]
of 2.5% . This number of higher prevalence may
imply that patients who received liver transplantation
appeared to carry the higher risk profiles. In addition,
our study showed the pooled incidence of post-liver
transplant AF of 8.5%, which is lower incidence, when
compared to those patients who underwent heart tran
[39-44]
splantation (incidence of AF up to 40%)
or other
[5,45,46]
open-heart surgeries (incidence of AF up to 50%)
.

Risk of bias across studies

Funnel plots, as demonstrated in Supplementary
Figures 1 and 2, and Egger tests were conducted to
assess for possibility of publication bias in analyses
evaluating prevalence of pre-existing AF and incidence
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Potentially relevant articles identified from search of MEDLINE,
EMBASE, and cochrane database of systematic reviews
(n = 121)

Title and abstract reviewed for screening

83 articles were excluded based
on title and abstract for clearly
not fulfilling inclusion criteria on
basis of type of article, study
design, population or
outcome of interest

38 potentially relevant articles included for
full-length article review

20 articles were excluded because
they did not report the outcomes
of interest
6 articles were excluded because
they were not observational
studies

12 articles were identified

Figure 1 Outline of our search methodology.
Group by

Statistics for each study

Study name

Event rate and 95%CI

Type of study
Relative

Event

Lower

Upper

rate

limit

limit

Z-Value

P -Value

weight

Case-Control

Bargehr et al

0.045

0.032

0.062

-16.940

0.000

31.66

Case-Control

VanWagner et al (1)

0.050

0.028

0.085

-9.973

0.000

12.51

Case-Control

VanWagner et al (3)

0.061

0.047

0.077

-20.926

0.000

55.83

0.054

0.044

0.065

-26.917

0.000

Case-Control
Cohort

Josefsson et al

0.022

0.008

0.056

-7.553

0.000

1.32

Cohort

Piazza

0.035

0.015

0.081

-7.288

0.000

1.61

Cohort

Vannucci

0.025

0.016

0.039

-15.750

0.000

5.55

Cohort

VanWagner et al (2)

0.060

0.057

0.063

-118.365

0.000

37.75

Cohort

VanWagner et al (4)

0.057

0.055

0.060

-125.774

0.000

37.94

Cohort

Wange et al

0.016

0.002

0.104

-4.094

0.000

0.34

Cohort

Xia et al

0.056

0.045

0.069

-24.168

0.000

15.50

Cohort

0.054

0.049

0.060

-48.512

0.000

Overall

0.054

0.049

0.059

-55.479

0.000
-0.25

-0.13
Favours no AF

0.00

0.13

0.25

Favours AF

Figure 2 Forest plots of the included studies assessing prevalence of pre-existing atrial fibrillation in patients undergoing liver transplantation. AF: Atrial fibrillation.

This mitigated number of incidence of postoperative
AF in liver transplantation could be explained by the
use of intensive postoperative hemodynamic care and,
immunosuppressive therapy, the surgical technique,
[28-31]
and not physically direct impact to the heart
.
In general population, AF can put the patients at
[47]
higher mortality risk, compared to those without AF .
In addition to mortality risk, our study also revealed the
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association of pre-existing AF and incident AF with poor
clinical outcomes following liver transplantation. Newonset AF following liver transplantation is also associated
with post-transplant acute kidney injury, cerebrovascular
events, and increased risk of graft failure among liver
transplant recipients. There are several mechanisms
that put the liver transplant patients with AF at higher
risk of postoperative morbidity and mortality compared
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Statistics for each study

Study name

Group by
Type of study

Event

Lower

Upper

rate

limit

limit

Event rate and 95%CI
Relative

Z-Value

P -Value

weight

Case-Control

Bargehr et al

0.016

0.002

0.104

-4.094

0.000

7.32

Case-Control

VanWagner et al (1)

0.087

0.057

0.129

-10.307

0.000

41.00

Case-Control

VanWagner et al (3)

0.127

0.108

0.149

-20.542

0.000

51.69

0.094

0.055

0.156

-7.724

0.000

Case-Control
Cohort

Fouad et al

0.025

0.011

0.060

-8.053

0.000

Cohort

Josefsson et al

0.194

0.143

0.257

-7.690

0.000

12.79

Cohort

Nicolau-raducu et al

0.031

0.018

0.054

-11.756

0.000

12.59

Cohort

Piazza et al

0.014

0.004

0.054

-5.976

0.000

11.15

Cohort

VanWagner et al (2)

0.006

0.005

0.007

-72.247

0.000

12.91

Cohort

VanWagner et al (4)

0.097

0.077

0.122

-17.105

0.000

12.86

Cohort

Wange et al

0.333

0.228

0.458

-2.594

0.009

12.65

Cohort

Xia et al

0.074

0.061

0.089

-24.629

0.000

12.89

Cohort

0.053

0.016

0.163

-4.518

0.000

Overall

0.085

0.052

0.136

-8.903

0.000

12.15

-1.00

-0.50

0.00

Favours no AF

0.50

1.00

Favours AF

Figure 3 Forest plots of the included studies assessing incidence of atrial fibrillation following liver transplantation. AF: Atrial fibrillation.

they are frail and have already been at higher risk
profiles accompanying with other cardiovascular risks
(left ventricular hypertrophy, heart failure, stroke,
etc.) at the time even before liver transplantation, so
that they will inevitably develop higher complication
[21,49,50]
rates at postoperative period
. Furthermore, AF
itself plays a critical role as marker of underlying heart
diseases that make patients vulnerable to perioperative
[51,52]
hemodynamic challenges
.
There are also several mechanisms explained why
liver transplantation promotes the occurrence of AF dur
ing postoperative period (Figure 6). Firstly, conventional
postoperative hemodynamic challenge could provoke
AF through hemodynamic instability or inotropic admi
[50]
nistration . Also, some preexisting liver diseases, such
as nonalcoholic fatty liver disease (NAFLD), share a
common risk factor, that is diabetes and obesity, with
[53]
the AF patients . In addition, NAFLD could also occur
as de novo after liver transplantation and subsequently
enhances the postoperative complications, contributed
[54-56]
by systematic inflammatory mechanism
. Further
more, immunosuppressive therapy increases the risk
to develop insulin resistance which eventually leads
[57]
to metabolic syndrome . Various kind of cirrhosisspecific heart diseases, such as a well-known entity
called congestive hepatopathy, prior to transplantation
play a substantial arrhythmogenesis role as a substrate
[50,58]
for pathogenesis of AF
. Various underlying medical
problems including AF would, in the future, be used to
identify high-risk patient population that needs to be
optimized the treatment to achieve higher outcome
after liver transplantation.
Leading cause of long term mortality in patients
with liver transplantation is cardiovascular complica
tions which, other than AF, include heart failure and
myocardial infarction. These complications are pre
dominantly driven by the development of metabolic
syndrome after liver transplantation. However, this
topic of interest is beyond the scope of our study and

Regression of logit event rate on yr
-1.75
-2.00
-2.25
-2.50

Logit event rate

-2.75
-3.00
-3.25
-3.50
-3.75
-4.00
-4.25

Y = -181.5658
+ 0.0886 * Yr

-4.50
-4.75
2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

Yr

Figure 4 Meta-regression analysis showed no significant correlations
between year of study and prevalence of pre-existing atrial fibrillation (P =
0.08).
Regression of logit event rate on yr
4.00
2.00

Logit event rate

0.00
-2.00
-4.00
-6.00
-8.00
-10.00

Y = -262.8811
+ 0.1291 * Yr

-12.00
2008

2010

2012

2014

2016

2018

2020

Yr

Figure 5 Meta-regression analysis showed no significant correlations
between year of study and incidence of post-operative atrial fibrillation
after liver transplantation (P = 0.54).
[24,48]

to those without AF

. Patients with AF reflect that
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Pathophysiology: Liver transplantation and atrial fibrillation
Atrial fibrillation

Systemic
inflammation

• Insulin resistance
• Metabolic syndrome

De novo NAFLD

Immunosuppressive
therapy

Perioperative challenge
• Hemodynamic change
• Inotropic support
• Cirrhosis-specific heart disease

Preexisting risk factors
• LVH
• Stroke
• Heart failure

Liver transplantation

Figure 6 Potential mechanisms of atrial fibrillation in liver transplantation. NAFLD: Nonalcoholic fatty liver disease; LVH: Left ventricular hypertrophy.
[50]

could be explained elsewhere . More or less, these
cardiovascular complications were also considered as
potential risk modification strategy that should not
be overlooked. Our study has noteworthy limitations.
Firstly, an inconsistent in definition, for an example
how to define the timing of AF as an early or late onset,
among the different studies preclude to draw the
generalized conclusion. Such this limitation, data use
needs tailoring to the individual patient. Secondly,
duration of follow up during the postoperative period
by some study prospectively monitored a cardiovas
cular event for just 30 d post-transplantation, which
this time frame does not long enough to reveal the
long-term morbidity and mortality outcome. However,
with the potential of higher morbidity and mortality in
liver transplant patients with AF by our meta-analysis,
future studies, preferable with population-based or
national database studies, are required to discover
whether focused AF cares for liver transplanted pa
tients can improve patient outcomes after liver trans
plantation. Finally, since our study is a meta-analysis
of observational studies, it could entirely prove associa
tion, but could not demonstrate a cause-effect (causal)
relationship, between liver transplantation and AF.
In conclusion, our study demonstrated the actual
prevalence of preexisting AF in patient underwent liver
transplantation, incidence of AF post-liver transplan
tation. Our study also highlighted the association of
AF with higher morbidity and mortality among liver
transplant recipients. Further well-designed studies
are needed to explore the impact of AF in liver tran
splant patients, which we strongly believe that AF
management, specified to liver transplant patients,
would be an important strategy to augment standard

WJH|www.wjgnet.com

of care in this particular population.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Among liver transplant patients with atrial fibrillation (AF), there are lacks of
data about incidence, prevalence and prognosis of AF in this specific group
of patients. In spite of improvement of liver transplant care to the point of
achieving almost 90% of 1-year survival rate, outcomes of liver transplantation
related to AF remain unclear.

Research motivation

With excellent results of liver transplantation in term of survival, current
indications of the transplantation have been extending into higher risk
candidates due to higher amount of donors and more advanced treatment,
which include preoperative preparation, surgical technique, immunosuppressive
therapy and post-transplantation care. The high-risk liver transplant candidates
tend to experience the adverse effects throughout perioperative period and
worse outcomes, compared to those with less comorbidity. AF is one of the
most common cardiac rhythm abnormalities and its prevalence increases with
older age and higher comorbidities. Therefore, a number of patients with AF
who received liver transplantation would definitely increase.

Research objectives

To examine outcomes of liver transplant recipients with AF, we performed this
meta-analysis: (1) to assess prevalence of pre-existing AF and/or incidence of
AF following liver transplantation, and the trends of patient's outcomes overtime;
and (2) to evaluate impact of pre-existing AF and post-operative AF on patient
outcomes following liver transplantation. Innovations and breakthroughs.

Research methods

We conducted a systematic literature search of EMBASE, Ovid MEDLINE,
and the Cochrane Database (from database inception to March 2018): (1) to
estimate prevalence of pre-existing AF and/or incidence of AF following liver
transplantation; and (2) to evaluate impact of pre-existing AF and post-operative
AF on patient outcomes following liver transplantation. Estimated prevalence,
incidence and estimated risks from each study were incorporated by the
random-effect, generic inverse-variance approach of DerSimonian and Laird.
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Research results

There were significant associations of AF with worse clinical outcomes following
liver transplantation including 2.3-fold higher risk of death and 5.1-fold higher
risk of postoperative cardiovascular complications, and poor clinical outcomes
such as stroke, acute kidney injury and graft failure. We also showed the
incidence of postoperative AF, namely 8.5%, consistently across different type
of studies without the change overtime by meta-regression.

10

Research conclusions

The overall estimated prevalence of pre-existing AF and incidence of AF
following liver transplantation are 5.4% and 8.5%, respectively. Incidence of AF
following liver transplant does not seem to decrease overtime. Pre-existing AF
and new-onset AF are potentially associated with poor clinical outcomes post
liver transplantation.

11

12

Research perspectives

This systematic review confirmed higher risks of death and postoperative
complications in liver transplant patients with AF. Our findings indicate that AF
may be an independent predictor for worse clinical outcomes following liver
transplantation.

13

14
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Abstract
Presented here is the clinical course of a 63-yearold patient with a central, large and unresectable
hepatocellular carcinoma (HCC) with liver metastases
and tumor invasion of the portal and hepatic veins.
After the tumor had been diagnosed, the patient was
immediately treated with proton beam therapy (PBT),
at a total dose of 60 Gy (relative biological effecti
veness) in 20 fractions administered within 4 wk. To
manage the respiratory movements, at the Rinecker
Proton Therapy Center, apneic oxygenation was given
daily, under general anesthesia. The patient tolerated
both the PBT and general anesthesia very well, and
did now show any signs of acute or late toxicity. The
treatment was followed by constant reductions in the
tumor marker alpha-fetoprotein and the cholestatic
parameters gamma-glutamyltransferase and alkaline
phosphatase. The patient commenced an adjuvant
treatment with sorafenib, given at 6-wk intervals, after
the PBT. Follow-up with regular magnetic resonance
imaging has continued for 40 mo so far, demonstrating
remarkable shrinkage of the HCC (maximal diameter
dropping from approximately 13 cm to 2 cm). To date,
the patient remains free of tumor recurrence. PBT
served as a safe and effective treatment method for an
unresectable HCC with vascular invasion.
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and computed tomography (CT) scan of the abdomen
revealed the main tumor mass to be of about 13.4 cm ×
7.1 cm in size, encompassing segments Ⅰ, Ⅳ, Ⅴ and Ⅷ,
as well as satellite metastases in segments Ⅱ and Ⅲ.
The tumor involved all three hepatic veins and the
portal vein, compressing the inferior vena cava (Figure
1). Liver biopsy, taken in January 2014, confirmed a
diagnosis of HCC, Edmondson-Steiner-grade Ⅱ, with
partially cirrhotic parenchymal modification. The addi
tional esophagogastroduodenoscopy and colonoscopy
demonstrated chronic gastritis with helicobacter pylori
infection and sigmoid diverticulosis, but no evidence of
other gastrointestinal malignancy. The patient reported
not feeling any discomfort but having lost 12 kg of
weight, which he had attributed to a dietary prescription
to address his decompensated diabetes mellitus.
Blood test (hepatic function panel) showed remarkably
increased levels of gamma-glutamyltransferase (GGT)
and alkaline phosphatase (AP), and moderately
elevated levels of total bilirubin, glutamic-oxalocetic
transaminase (GOT), glutamic-pyruvic transaminase
(GPT) and cholesterol.
Because the initial consulting hospital classified
this case of HCC as Child-Pugh score A, BCLC stage B,
palliative treatments with transarterial chemoemboli
zation (TACE) and sorafenib were recommended in
the tumor board review. However, extended vascular
invasion and tumor size > 10 cm are contraindications
for TACE. The patient was informed about best
supportive care and approximate survival time of 6
mo. He contacted our institute, the Rinecker Proton
Therapy Center (RPTC), and was treated with PBT
from February to March 2014. A total dose of 60.00 Gy
(relative biological effectiveness, RBE) administered in
20 fractions within 4 wk was applied to both the main
liver tumor and the satellite metastases, with a safety
margin of 3 mm.
For precise targeting by PBT, special techniques
to control the respiratory movements are required.
At RPTC, we use apneic oxygenation (AO) with total
intravenous anesthesia and oral intubation, which
prolongs the safe apnea time during the irradiation
(Figure 2). After preoxygenation, the artificial ventila
tion is stopped during the apneic phase. The patient
stays connected, with delivery of 1 L/min oxygen and
constant airway pressure. Due to the disproportion
between the rate of oxygen removal from the alveoli
compared to the rate of carbon dioxide delivery to
them, the barometric pressure in the alveoli sinks,
pushing the oxygen to move from the upper airway
to the alveoli. That means, the consumed oxygen is
replaced but the carbon dioxide is not removed, and the
arterial partial pressure of carbon dioxide (PaCO2) rises
[7,8]
in the time following, in a range of 2-4 mmHg/min .
According to our standard operating procedure, the
oxygen saturation during AO should not fall below 97%,
and PaCO2 is not allowed to exceed 61 mmHg.
The patient tolerated the PBT under general
anesthesia daily, without any considerable toxicity

Core tip: Hepatocellular carcinoma (HCC) is one of
the most common cancers in Asia. Patients with un
resectable tumor disease require more options for inprinciple curative therapies. We report here a patient
with a large unresectable HCC due to vascular invasion
and satellite metastases, who showed remarkable
tumor shrinkage after completing proton beam therapy
4 years ago and who is still free of tumor recurrence to
date.
Lin YL. Proton beam therapy in apneic oxygenation treatment
of an unresectable hepatocellular carcinoma: A case report and
review of literature. World J Hepatol 2018; 10(10): 772-779
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v10/i10/772.htm DOI: http://dx.doi.org/10.4254/wjh.v10.i10.772

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common tumor diseases worldwide, with particularly
high incidence in the Asia-Pacific region, and is often
associated with liver cirrhosis owing to alcohol abuse
[1]
and chronic viral hepatitis . Surgical resection and liver
transplantation are the first-line curative treatments
for large HCC, while small HCC (preferably < 2 cm in
diameter) in an accessible location, away from critical
structures, can be cured by local ablative techniques.
For patients with large unresectable tumors, such as
those with advanced tumor extension and vascular
invasion, other locoregional treatment modalities are
usually considered as palliative options; these include
arterial catheter-based treatments, ablative techniques
and radiation therapy.
In past years, many convincing results were
published on the effectiveness and tolerability of
charged-particle therapy with dose-escalating proton
and heavy ion beam as a curative-intent treatment
[2-4]
of unresectable HCC
. Based on the physical
property of Bragg peak, proton beams deposit the
dose maximum at a predefined depth in the tumor.
Behind the maximal deposit, the dose drops rapidly,
having no exit dose. This is a significant advantage in
comparison to photon radiotherapy and enables the
dose escalation to improve the local control. Because
the surrounding uninvolved liver parenchyma can be
spared from the unnecessary radiation dose, even
larger tumor volume can be treated with proton beam
therapy (PBT) without risk of fatal radiation-induced
[5,6]
liver disease (RILD) .

CASE REPORT
In November 2013, a routine abdominal sonography of
a 63-year-old German male revealed a huge tumor in
the liver. Subsequent magnetic resonance imaging (MRI)
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Figure 1 Large hepatocellular carcinoma with vascular invasion and satellite metastases in the magnetic resonance imaging scan prior to proton beam
therapy. A: The upper portion of the main tumor abutting the heart in axial plane is shown; B: Extended hepatocellular carcinoma (HCC) with invasion of portal and
hepatic veins in the axial plane is shown; C: The lower portion of the main tumor abutting the inferior vena cava is shown, with dilated segmental bile ducts and 2 liver
metastases in the left hepatic lobe; D-G: The HCC involved all three hepatic veins as well as the portal vein. The inferior vena cava was also compressed.

tumor marker alpha-fetoprotein (AFP) (from 109 µg/L
to 34 µg/L; normal range: < 15 ng/mL) and decrease
in GGT (from 64 µkat/L to 25 µkat/L; normal range:
< 1.00 µkat/L). From this time forward, the patient
also commenced with targeted therapy, i.e., tyrosine
kinase inhibitor (sorafenib) and continued in his normal
occupational activities (working as a driver). At 5 mo
after the PBT, routine blood test showed leukocytosis
(12.7 Gpt/L; normal range: 4.0-10.9 Gpt/L) with
elevated C-reactive protein (101 mg/L; normal range:
< 5.0 mg/L). Respiratory or urinary infection was
excluded. The patient denied experience of fever but
complained of night sweats, and was treated with
antibiotics by his oncologist. Because of diarrhea, the
sorafenib was stopped for a few months and restarted
with the dosage halved (to 400 mg daily). At the end
of 2014, both the leukocyte count and C-reactive
protein level finally decreased and the GGT continued
to fall (to 3.3 µkat/L). At 20 mo after the PBT, the AFP

Figure 2 Proton beam therapy in use with apenic oxygenation under general
anesthesia.

(Common Terminology Criteria for Adverse Events,
grade 0). At the first follow-up (after 6 wk of treat
ment), the patient showed remarkable reduction in the
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Figure 3 Tumor regression evidenced in the first follow-up magnetic resonance imaging scan at 3 mo after proton beam therapy. A-C: Size reductions of the
main tumor and the liver metastases are shown, measured in three levels of axial plane.
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Figure 4 Continuous tumor shrinkage evidenced in the magnetic resonance imaging scan at 9 mo after proton beam therapy. A-C: The hepatocellular carcinoma
and liver metastases presented as residual nodules without contrast enhancement.
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Figure 5 Continuous tumor shrinkage evidenced in the magnetic resonance imaging scan at 21 mo after proton beam therapy. A-C: Further size reductions
of the residual tumor nodules in the axial plane are shown.

was within normal range (2.8 µg/L), remaining stable
through the last measurement in June 2017 (2.5 µg/L).
The thoracic CT scan at 19 mo after the PBT also did
not reveal any suspicious metastasis.
In the first MRI control, taken 3 mo after the PBT,
significant size reductions of the main tumor in the
hepatic hilum and the satellite metastases in the left
hepatic lobe were observed. The segmental cholestasis
had also regressed, consistent with the falling GGT
and AP (Figure 3). In the subsequent check-ups,

WJH|www.wjgnet.com

continuous tumor shrinkage with indentation of the
liver contour was observed, as if the patient had
undergone a liver resection (Figure 4 and Figure
5). The latest MRI scan, performed in August 2017,
revealed a residual nodule of approximately 2 cm ×
2 cm without pathological enhancement in the hilar
region (Figure 6). No signs of ascites, or new distant
or lymph node metastases have been found in the
40-mo period following the PBT. To date, the patient is
still receiving semi-dosed sorafenib and participating in
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Figure 6 Residual nodules in the hepatic hilum without enhancement evidenced in the latest magnetic resonance imaging scan, at 40 mo after proton
beam therapy. A: Complete regression of the upper portion of the hepatocellular carcinoma is shown; B: Pronounced indentation of the right-sided liver contour is
shown, as if the patient had undergone a liver resection; C: The portal vein was able to be delimited again.

regular follow-up visits with his oncologist as well as in
an annual MRI scan performed at the RPTC.

therapy vs ablation and arterially directed therapies
are still pending or ongoing, clear guidelines of treat
ment recommendations for large unresectable HCC,
specifically with vascular invasion and intrahepatic
metastasis, are still missing. Mostly, only when further
interventional treatments are no longer possible, will
radiation therapy be considered.
The aim of modern radiotherapy techniques is to
achieve delivery of an effective high-dose in the tumor,
while sparing the surrounding structures as much as
possible. If the liver function is restricted by coexistent
liver disease, such as cirrhosis and/or viral hepatitis,
the more essential the role of sparing the surrounding
[14]
noncancerous liver tissues becomes. Crane et al
pointed out the challenges of radiotherapy for large
HCC due to proximity of stomach and intestines,
underlying liver disease, radiosensitivity of liver pa
renchyma and respiratory and interfractional motions.
Because partial resection of the liver (with only 25%
remnant) has been demonstrated as well tolerated
[15]
by noncirrhotic patients , it allows radiation therapy
of partial liver with higher doses if there is enough
functional liver parenchyma left.
In order to prevent RILD, our institute uses the
following dose constraints of liver: at least 700 cc of
uninvolved liver parenchyma should receive less than
15 Gy (RBE), and the mean dose of liver should be less
than 13 Gy (RBE). This is the Quantitative Analyses of
Normal Tissue Effects in the Clinic (commonly known
as QUANTEC) recommendation for stereotactic body
[16]
radiation therapy of liver tumor with three fractions .
In the case of our patient, presented herein, the
total liver volume prior to PBT was 2789 cc (including
638 cc gross tumor volume), and the mean dose of
uninvolved liver parenchyma (i.e., total liver volume
with subtraction of clinical target volume) was 12.77
Gy (RBE). The volume of uninvolved liver that received
less than 15 Gy (RBE) was approximately 1370 cc
(Figure 7), while the remnant liver volume after tumor
regression was 1470 cc, as measured by MRI scan at
40 mo after the PBT.

DISCUSSION
Patients with unresectable HCC are usually not deemed
to be curable because surgical resection and liver
transplantation are considered as the only curative
options. According to guidelines, TACE and sorafenib
are the standard of palliative care for unresectable HCC.
Other local treatment methods, such as radiofrequency
ablation, cryoablation and radioembolization, are
often combined with the TACE and sorafenib regimen
[9]
to improve the total response . Yet, the therapeutic
efficacy of combined treatments, such as that of
radiofrequency ablation after TACE, is limited by the
[10]
tumor size and morphology .
[11]
Katsanos et al
analyzed 55 randomized con
trolled trials on mono- or combined treatments with
TACE for unresectable HCC and concluded that TACE
in combination with external radiotherapy or local liver
ablation may distinctly improve tumor response and
[12]
the survival rates of patients. Choi et al reviewed the
different radiotherapy techniques and summarized the
results of radiotherapy, partially combined with liver
transplantation, TACE and concomitant chemotherapy,
for HCC in each tumor stage. Radiotherapy can amend
the total therapeutic assortments and outcomes of
HCC by improving local control, enabling downstaging
and treating unresectable HCC with vascular invasion
or multiple intrahepatic metastases. The latest National
[13]
Comprehensive Cancer Network (NCCN) guidelines
consider external-beam radiation therapy as a category
2B option for patients with unresectable HCC or those
with contraindication for operation due to comorbidity.
Besides, stereotactic body radiation therapy can be
recommended as alternative to ablation and emboli
zation techniques, particularly after their failure or in
case of their contraindication. Because prospective
randomized controlled trials evaluating the outcome
of various techniques of external-beam radiation
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Figure 7 Dose-volume histogram of the clinical target volume and organs at risk.

Unlike photon radiotherapy, PBT requires less
irradiation fields to encompass the target. Therefore,
the dose burden of uninvolved liver parenchyma and
other surrounding organs at risk, such as heart,
stomach, intestines, spinal cord and kidney, as well as
the risk of radiation-induced secondary malignancies
is significantly reduced by the dosimetric advantage
[17,18]
[19]
of proton beams
. Leung et al
compared the
cost-utility of stereotactic radiation therapy and PBT,
assuming PBT is a cost-effective therapy for inoperable
advanced HCC due to the improved quality-adjusted
life years. The spot scanning technique used at RPTC
also facilitates more conformity to the extent of the
[20]
target, in comparison to common scattering PBT .
In our case, we only used two irradiation fields, from
0 and 300 degrees, to embrace the main tumor in the
central hepatic region and the satellite metastases in
the left lobe (Figure 8). Irradiation of each field lasted
2.5-3.5 min.
The main challenge of radiotherapy for movable
organs, in particular lungs and liver, is to manage the
intra- and interfractional motion of the tumor. Mea
sures like implantation of fiducial markers, respiratory
gating or tracking, breath-hold method, abdominal
compression and 4-dimensional CT simulation are
[21,22]
applied in different institutions
. A unique feature of
our center is the use of AO to control respiratory motion
and to reduce the safety margin. To assess whether
the patient can withstand apneic oxygenation, besides
general preanesthesia evaluation, additional tests,
such as body plethysmography, echocardiography
and arterial blood gas test, can be required in case
of relevant cardiopulmonary comorbidity. Since the
inauguration of RPTC in 2009, we have treated over
500 patients with the apneic method. Up to the end of
2017, the total number of general anesthesia sessions
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was more than 6000, while the total time, including
introduction and discharge, was 55 min on average.
The longest period for AO was over 9 min, and the
average apneic duration was approximately 3 min.
Statistically speaking, the most treated tumor entities
for the use of AO were thoracic malignancies and liver
metastases.
Although the patient presented in our case report
had several adverse prognostic factors, his case
demonstrates that large unresectable HCC with
vascular invasion and intrahepatic metastases can be
treated excellently with PBT. RPTC has long-standing
experience in PBT of movable tumors with AO, which
securely solves the problem of organ motion, permits
the reduction of safety margin and consequently
the side effects, like RILD, and requires the least
compliance of patients concerning breath control and
abandonment of fiducial markers.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

In a routine abdominal sonography of a 63-year-old asymptomatic male, a large
central tumor in the liver was detected.

Clinical diagnosis

According to the abdominal sonography, the magnetic resonance imaging and
the pathologically increased tumor marker alpha-fetoprotein and liver function
panel, a hepatic malignancy was urgently suspected.

Differential diagnosis

Liver cirrhosis, cholangiocellular carcinoma, liver angiosarcoma, liver metastases
of non-hepatic origin.

Laboratory diagnosis

The laboratory tests showed significant increase of the tumor marker alphafetoprotein and the cholestatic parameters gamma-glutamyltransferase and
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A

B

C

Figure 8 Treatment plan of proton beam therapy with isodose distributions. A: Axial plane; B: Coronal plane; C: Sagittal plane. Red line: Gross tumor volume;
Green line: Clinical target volume.
alkaline phosphatase.

Imaging diagnosis

Magnetic resonance imaging and computed tomography of the abdomen
revealed the main tumor mass to be of about 13.4 cm × 7.1 cm in size,
encompassing segments Ⅰ, Ⅳ, Ⅴ and Ⅷ, as well as satellite metastases in
segments Ⅱ and Ⅲ. The tumor involved all three hepatic veins and the portal
vein, compressing the inferior vena cava.

2
3

Pathological diagnosis

A liver biopsy confirmed a diagnosis of hepatocellular carcinoma (HCC),
Edmondson-Steiner-grade Ⅱ, with partially cirrhotic parenchymal modification.

Treatment

The patient was treated with proton beam therapy (PBT) in apneic oxygenation
at the Rinecker Proton Therapy Center, at a total dose of 60 Gy (relative
biological effectiveness) in 20 fractions.

4

Term explanation

We use the apneic oxygenation to manage respiratory motion of the tumor
and to reduce the safety margin, which enables the sparing of uninvolved liver
parenchyma and other surrounding organs at risk as well as a dose escalation.

5

Experiences and lessons

The patient is free of tumor recurrence in a period of 4 years after the treatment.
PBT is a safe and effective therapy for large unresectable HCC with vascular
invasion and intrahepatic metastases.

6
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Abstract
To our best knowledge, no case of a tumor that was
incidentally detected during living donor hepatectomy
(LDH) has been reported in the English language medical
literature. We present two cases in which gradeⅠ neuro
endocrine tumors (NET) were incidentally detected during
our twelve-year LDH experience. First Case: A 26-yearold male underwent LDH for his brother suffering from
HBV-related chronic liver disease (CLD). After right lobe
LDH, intestinal length was measured as part of a study
concerning the relationship between small intestinal
lengths and surgical procedure. At this stage, a mass
lesion with a size of 10 mm × 10 mm was detected on
the antimesenteric surface, approximately 90 cm pro
ximal to the ileocecal valve. A wedge resection with
primary intestinal anastomosis was performed. Second
Case: A 29-year-old male underwent right lobe LDH for
his father with hepatitis B virus (HBV)-related CLD. An
abdominal exploration immediately prior to the closure of
the incision revealed that the appendix vermiformis was
edematous and had firmness with a size of 8-10 mm at its
tip. An appendectomy was performed. The pathological
examinations of the specimens of both patients revealed
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grade 1 NET. In conclusion, even if patients undergoing
LDH are healthy individuals, whole abdominal cavity
should be gently palpated and all findings recorded after
completing laparotomy. Suspected masses or lesions
should be confirmed by frozen section examination. Such
an approach would avert potential medicolegal issues.

incidentally during our 12-year LDH experience.

CASE REPORT
Case 1

A 26-year-old healthy man applied to our transplant
center for being a LLD to his 37-year-old brother with
chronic liver disease (HBV). The donor candidate was
taken into the operating room for LDH in May 2017. A
laparotomy was performed through an incision starting
from xiphoid to umblicus and extending laterally on
the right side. As no macroscopic finding was detected
in the liver, a right lobe LDH was performed. As part
of a study conducted in our department investigating
the relationship of mesenteric and antimesenteric
lengths of small intestine with the surgical procedure,
intestinal lengths of this patient were also measured.
At this time, a mass lesion measuring approximately
10 mm was detected on the antimesenteric face of
the intestine, approximately 90 cm proximal to the
ileocecal valve (Figure 1). The mass was resected to
gether with the mesentery of the adjacent intestinal
segment. A wedge resection with primary intestinal
anastomosis was performed. Intestinal mucosa and
submucosa were closed with polyglactin 910 suture
material while the seromuscular layer was closed with
polypropylene. The patient experienced no complications
during his postoperative follow-up and was discharged.
A histopathological examination revealed a gradeⅠ
neuroendocrine tumor (carcinoid tumor) with a size of 7
mm × 5 mm, which had intact surgical margins (Figure
2). An immunohistochemical analysis showed that it
was NSE (+), Chromogranin (+), Synaptophysin (+),
and Ki67 proliferation index (1%-2%) positive (Figures
3 and 4). The patient was put under follow-up by the
medical oncology department, and a thoracoabdominal
computerized tomography taken in the first controls
revealed no additional lesions.

Key words: Living donor hepatectomy; Incidental tumor;
Neuroendocrine tumor; Chronic liver disease; Hepatitis B
virus
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To our best knowledge, no case of a tumor
that was incidentally detected during living donor hepa
tectomy (LDH) has been reported in the English language
medical literature. Herein, we present two cases in
which gradeⅠ neuroendocrine tumors were incidentally
detected during our twelve-year LDH experience. Even
if patients undergoing LDH are healthy individuals, the
whole abdominal cavity should be gently palpated and
all findings be recorded after completing laparotomy.
Suspected masses or lesions should be confirmed by
frozen section examination. Such an approach would
avert potential medicolegal issues.
Akbulut S, Isik B, Cicek E, Samdanci E, Yilmaz S.
Neuroendocrine tumor incidentally detected during living donor
hepatectomy: A case report and review of literature. World J
Hepatol 2018; 10(10): 780-784 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v10/i10/780.htm DOI: http://
dx.doi.org/10.4254/wjh.v10.i10.780

INTRODUCTION
While deceased donors are an important part of the
liver donor pool in western countries, living donors cons
titute an important portion of the donor pool in many
[1]
Asian countries including Turkey . The most important
problem with living donor liver transplantation is the
mortality and morbidity risk faced by completely healthy
donor candidates due to a major surgery like liver
resection. In order to minimize those risks, all living
liver donor (LLD) candidates undergo an examination
according to an algorithm consisting of biochemical
[2]
blood tests and advanced radiological instruments .
Incidental hemangioma, focal nodular hyperplasia, cys
tic lesions, median arcuate ligament, and ventricular
septal defect have been rarely reported to be detected
[3-5]
during examinations of LLD candidates
. On the
other hand, no publication other than our study has
ever reported unusual findings such as cancer detected
incidentally in the liver or other intraabdominal organs
during either preoperative investigations or in a living
[6]
donor hepatectomy (LDH) procedure . In this study we
report two neuroendocrine tumor (NET) cases detected

WJH|www.wjgnet.com

Case 2

A 29-year-old healthy man applied to our transplant
center for being a LLD candidate for his 51-year-old
father who had chronic liver disease (HBV + HCC). His
preoperative biochemical tests and radiological studies
were normal. The patient was taken into the operating
room for right donor hepatectomy in May 2008. A laparo
tomy was performed through an incision starting from
xiphoid to umblicus and extending laterally on the right
side. As no macroscopic finding was detected in the liver,
right lobe LDH was performed. At the time when the
surgeon suspended the anterior abdominal wall in order
to place a drain into the surgical field, it was noticed
that the appendix vermiformis was edematous and had
prominent superficial arterioles. In addition, a firmness
measuring 8-10 cm in size was palpated at the tip of the
appendix. Therefore, an appendectomy was performed.
As no complications developed at the postoperative
follow-up, the patient was discharged to be seen at
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both nodal and distant metastasis independent of their
size. Therefore, the most appropriate surgical approach
is to perform a partial small intestinal resection to involve
lymph nodes and mesentery, independent of the tumor
size. As small intestinal NETs have the potential of being
multiple, all intestinal loops should be carefully inspected
[7-9]
during the operation .
Appendix vermiformis is the second most commonly
[10]
involved organ by NETs in the gastrointestinal system .
The majority of appendix NETs are incidentally detected
in patients taken into operating room for a presumed
diagnosis of acute appendicitis. NETs are diagnosed at
a rate of 0.3%-2.27% in patients diagnosed with acute
appendicitis while they are detected in 1.8%-2.3% of
[7-9]
patients undergoing incidental appendectomy . The
prognosis and metastasis potential of appendix NETs
depend on their size. Ninety-five percent of appendix
NETs are smaller than 2 cm at the time of diagnosis
and have a low metastasis potential (4%). In tumors
with a diameter ≥ 2 cm or patients with mesoappendix
invasion, right hemicolectomy is the most appropriate
approach. In tumors with a diameter ranging between
1.0 cm and 1.9 cm, adjunct hemicolectomy is the most
appropriate approach when one or more of the following
parameters exists: mesoappendix invasion, vascular
invasion, high proliferation index (grade 2), suspicious/
positive surgical margins, and mixed histology (goblet
cell carcinoid, adenocarcinoid). Simple appendectomy
is sufficient for patients without mesoappendix invasion
despite a diameter of 1.0-1.9 cm and appendix NETs with
a diameter < 1 cm. No adjunctive surgical procedure
was undertaken since the patient presented here had a
gradeⅠ NET.
The follow-up of patients with NET depends on
tumor size and grade. One or a combination of seve
ral diagnostic modalities of biochemical (5-hydroxy
indoleacetic acid, serum chromogranin), endoscopic
(pan endoscopy, colonoscopy), radiological (computed
tomography, magnetic resonance imaging, Indium-111
pentetreotide (OctreoScan), and functional PET imaging
with 68-Ga DOTA-TATE can be used for diagnosis.
Patients with an appendix NET having a diameter of ≥ 2
cm should be evaluated clinically and with biochemical/
radiological studies whenever indicated at three and
twelve months postoperation. Controls should be carried
out after one year and advanced radiological tests should
be performed as needed. In cases with a tumor size
of less than 2 cm routine controls are not needed. The
follow-up protocol of small intestinal NETs and appendix
NETs should be in the form of close follow-up.
This case study brings into question whether it is
necessary to palpate the whole abdominal cavity and
especially gastrointestinal organs in healthy individuals
undergoing laparotomy for LDH. Many studies so far
have recommended not to touch the gastrointestinal tract
unless indicated because even powder on surgical gloves
may trigger the development of postoperative adhesions.
In addition, handling, palpating, or removing the bowel

Figure 1 Intraoperative view of the tumor located in the antimesenteric
border of the small intestine.

Figure 2 Tumor cells are seen in the submucosa with insulary pattern (HE
× 100).

control visits. The pathology report of the appendix
vermiformis showed a gradeⅠ neuroendocrine tumor
(NET) with a diameter of 10 cm at the tip of the appendix
vermiformis, which showed full-thickness invasion but did
not spare the mesoappendix (Figure 2). In addition, the
lesion was NSE (+), Chromogranin (+), Synaptophysin
(+), and Ki67 (1%) positive upon immunohistochemical
analysis (Figures 3 and 4). As the patient was living in
another city, he is currently under follow-up of another
center there. He has recently informed us that no prob
lems have occurred in his final control visit.

DISCUSSION
The World Health Organization has classified NETs into
two main categories: well differentiated (low grade,
intermediate grade, high grade neuroendocrine tumor)
and poorly differentiated (high grade neuroendocrine
carcinoma). The basic criteria for this classification are
the Ki67 proliferation index (< 3%, 3%-20%, > 20%)
and number of mitosis (< 2 mitosis, 2-20 mitosis, > 20
mitosis).
NETs most commonly involve the small intestine.
NETs are most commonly located in the first 60 cm
segment before the ileocecal valve. Unlike appendix
NETs, small intestinal NETs have the potential to make
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A

B

Figure 3 Positive immunostaining of tumor cells with chromogranin or synaptophysin antibody (HE × 100). A: Chromogranin; B: Synaptophysin.

hepatic lesions in such patients. Recipients of such a liver
should still be closely followed.
Unfortunately, we did not perform frozen examination
in both patients presented here. The lesion of the patient
with the appendix NET was both very small and located
at the tip of the appendix. Hence, the frozen report would
not affect our surgical strategy. As for the intestinal NET
case, the lesion was of completely benign appearance,
as can be seen in Figure 1. Despite this, we resected the
segment with the lesion on the basis of the oncological
principles. The recipients of both donors were put under
close follow-up, and neither developed any lesion sus
pected to be a tumor to the date of the writing of this
article.
In patients undergoing LDH operation, the abdominal
cavity may be explored very gently using powderless
gloves. This approach both creates a chance for early
detection of some unexpected lesions and avoids po
tential medicolegal problems.
Whenever a suspicious lesion is detected before
starting the LDH procedure, a frozen examination
should be done from that lesion. When the frozen report
indicates a malignant lesion, the LDH procedure should
be aborted and the lesion should be resected on the basis
of oncological principles. However, the question whether
donors with NETs having a diameter smaller than 2 cm
that are located to the tip of the appendix should be used
is open to discussion.

Figure 4 The low proliferation index in the tumor with Ki67 antibody (HE
× 100).

loops may delay the return of intestinal motility during
the postoperative period. Another question is what to do
when a mass lesion is encountered in the gastrointestinal
system. We suggest two methods: (1) when a tumoral
lesion is detected in the gastrointestinal system before
the LDH procedure, the lesion’s gross macroscopic
features should be evaluated and the entire mass or part
of it should be resected and sent for frozen examination.
When the result of the latter is a benign pathology, the
hepatectomy procedure should be resumed. Whenever
the result of the frozen examination is a malignant
condition, hepatectomy procedure should be aborted
and a definitive surgery should be performed against
the mass; and (2) when a tumoral lesion is encountered
incidentally at the exploration after the completion of
the LDH procedure, a frozen examination of the tumoral
lesion should be performed. In these patients, too, the
result of the frozen examination should be obtained and
surgical treatment should be carried out on the basis of
oncological principles. However, an important caveat is
what would be the fate of the liver graft harvested from
these patients. In our opinion, ultrasonography should
be performed for the living liver graft on the back table,
and it should be transplanted when no hepatic lesion is
identified. We assume that preoperative hepatic MDCT
and dynamic MRI examinations are already negative for
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

We aimed to present two cases in which grade Ⅰ neuroendocrine tumors
were incidentally detected during our twelve-year living donor hepatectomy
experience.

Clinical diagnosis

Intraoperative appearance of the lesions of both patients was compatible with
benign disease.

Differential diagnosis

Differential diagnosis of the first case included calcified nodule, benign intestinal
tumor, and early stage malignant tumor. Differential diagnosis of the second
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case includes acute appendicitis, mucocele, and carcinoid tumor

Laboratory diagnosis

3

Imaging diagnosis

4

Pathological diagnosis

5

No abnormal findings were detected in preoperative biochemical blood tests in
both living liver donor candidates.

No abnormal findings were detected in preoperative radiological examinations
in both living liver donor candidates.

The immunohistochemical examinations of the specimens of both patients were
reported as gradeⅠ neuroendocrine tumor.
6

Treatment

While a wedge resection with primary intestinal anastomosis was performed in
the first case, simple appendectomy was performed in the second case.
7

Related reports

To our knowledge, no publication other than our study has ever reported
unusual findings, such as cancer, detected incidentally during a living donor
hepatectomy procedure.
8

Experiences and lessons

Even if patients undergoing living donor hepatectomy are healthy individuals,
the whole abdominal cavity should be gently palpated and all findings recorded
after completing laparotomy. Suspected masses or lesions should be confirmed
by frozen section examination.

9
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