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Abstract

Dysfunctional mitochondria may produce excessive reac-
tive oxygen species, thus inducing DNA damage, which
may be oncogenic if not repaired. As a major role of
the PINK1-Parkin pathway involves selective autophagic
clearance of damaged mitochondria via a process termed

WJH | www.wjgnet.com

JRaishideng®

349

mitophagy, Parkin-mediated mitophagy may be a tumor-
suppressive mechanism. As an alternative mechanism
for tumor inhibition beyond mitophagy, Parkin has been
reported to have other oncosuppressive functions such
as DNA repair, negative regulation of cell proliferation
and stimulation of p53 tumor suppressor function. The
authors recently reported that acute ethanol-induced
mitophagy in hepatocytes was associated with Parkin
mitochondrial translocation and colocalization with
accumulated 8-OHAG (a marker of DNA damage and
mutagenicity). This finding suggests: (1) the possibility
of Parkin-mediated repair of damaged mitochondrial
DNA in hepatocytes of ethanol-treated rats (ETRs)
as an oncosuppressive mechanism; and (2) potential
induction of cytoprotective mitophagy in ETR hepatocytes
if mitochondrial damage is too severe to be repaired.
Below is a summary of the various roles Parkin plays in
tumor suppression, which may or may not be related to
mitophagy. A proper understanding of the various tasks
performed by Parkin in tumorigenesis may help in cancer
therapy by allowing the PINK1-Parkin pathway to be
targeted.

Key words: Cancer; Ethanol; Liver; Mitophagy; Parkin;
PINK1; 8-OHdG

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A large number of studies have found that
the impaired Parkin function or downregulation of
expression may induce cancer initiation and progression
via mitophagy-related/unrelated mechanisms. Thus,
there is a growing belief that Parkin may have tumor
suppressor effects. Based on literature and on the
authors’ recent publications regarding animal models
of alcohol abuse, this paper highlights the various roles
of Parkin in the suppression of oncogenesis. Proper
understanding of Parkin functions may have therapeutic
implications in the treatment of various cancers.

Eid N, Kondo Y. Parkin in cancer: Mitophagy-related/unrelated
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Mutations in the Parkin gene are frequently associated
with Parkinson’s disease (PD). They lead to defects in
autophagic clearance of damaged mitochondria via
mitophagy, resulting in the characteristic neuronal
loss observed in PD™, Parkin-mediated mitophagy is
characterized by accumulation of PINK1 on the outer
mitochondrial membrane (OMM) of damaged mito-
chondria and subsequent mitochondrial translocation of
Parkin and ubiquitination of humerous OMM proteins,
followed by clearance of these organelles via the
microtubule-associated protein light chain 3 (LC3)-
mediated autophagic machinery™?, Parkin-mediated
ubiquitination of OMM proteins stimulates the recruit-
ment of different LC3 interacting region-containing
autophagy receptors which bind ubiquitin-tagged OMM
proteins, including p62, optineurin and NBR1", Dysfunc-
tional mitochondria can transform cells and promote
tumorigenesis, suggesting that mitophagy may function
as a tumor suppressor mechanism™. A number of
recent studies have investigated the involvement of
mitophagy in tumor suppression, with results including
the finding that insufficient mitophagy resulted in on-
cocytic formation in heterogeneous thyroid Huirthle cell
tumors™. However, a growing body of evidence suggests
that Parkin also plays a role in cancer as a putative
tumor suppressor. Parkin”" mice exhibited enhanced
hepatocyte proliferation associated with upregulation
of endogenous follistatin, resulting in the induction and
progression of hepatocellular carcinoma (HCC)™. Upon
autophagy activation the Atg4 cysteine protease first
cleaves pro-LC3 at the C-terminus, thus forming LC3-1.
Induction of Atg7 conjugates phosphatidylethanolamine
(PE) to LC3- I, forming LC3-1I (essential form of LC3 for
mitophagosome formation). The Atg5/12/16 complex
also acts as an E3 ligase, promoting PE conjugation
to LC3". Mice with systemic mosaic deletion of Atg5
and liver-specific Atg7”" mice develop benign liver
adenomas™. Parkin deficiency results in overexpression
of its substrates, mitotic defects, genomic instability and
tumorigenesis'®. Downregulation of Parkin protein has
been observed in HCC, whereas Parkin overexpression
inhibits the migration and invasion of multiple cancer
cells”. Parkin has been reported to contribute to the
functions of p53 - another tumor suppressor - via regula-
tion of the energy metabolism (especially the Warburg
effect) and antioxidant defense'®. Paradoxically, in some
cases Parkin activity may be required for KRAS-driven
tumors to maintain mitochondrial quality control and
buffer oxidative stress, making it a pro-survival protein'’.
KRAS mutant pancreatic adenocarcinoma has been
reported to rely on autophagy and mitophagy to supply
bioenergetic intermediates for the TCA cycle. Mitophagy
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also appears to be a prosurvival mechanism in immortal
baby mouse kidney epithelial cells ectopically expressing
oncogenic HRAS or KRAS by removing damaged mito-
chondria™.

Seitz and Stickel™ reported that animal models
of alcohol abuse have clearly identified ethanol as a
hepatic carcinogen via mechanisms related to excessive
reactive oxygen species and acetaldehyde production,
altered methylation and reduction of retinoic acid in
hepatocytes. Recently the authors!****! and others!*!
investigated Parkin-mediated hepatic mitophagy in
animal models of acute and chronic alcoholism. The
authors found that acute ethanol administration (5 g/kg)
to adult rats enhanced hepatocyte mitophagy, which
was associated with Parkin mitochondrial translocation
and colocalization with accumulated 8-OHdG - a marker
of oxidative nuclear and mitochondrial DNA (mtDNA)
damage and mutagenicity™"******!, Accordingly, Parkin
co-localization with accumulated 8-OHdG in hepatocyte
mitochondria of acute ETRs may be a signal for mitophagy
induction via the triggering of Parkin mitochondrial trans-
location™**®!, It may also be a stimulus for DNA repair
and prevention of oncogenesis, as endogenous Parkin
has a reported physical association with mtDNAM2*71
and translocates to nuclei interacting with proliferating
cell nuclear antigen in cultured neuronal cells affected
by oxidative DNA damage!'®. In addition, Parkin-
deficient mice have been reported to show increased
8-oxoguanine in the cerebral cortex. Parkin’s promotion
of DNA repair may therefore be an important mechanism
in the suppression of cancer and neurodegenerative
diseases™®), The authors’ findings in animal models
of ethanol-induced mitophagy may support the above-
mentioned literature regarding the tumor suppressor
roles of Parkin, which may or may not be mitophagy-
related. Parkin has additionally been reported to regulate
two additional cytoprotective mechanisms on cellular
exposure to oxidative stress: (1) induction of mitochondrial-
derived vesicle formationt*'**: and (2) suppression of
mitochondrial spheroid formation™**??, Further studies
are needed to determine whether Parkin regulates these
two mechanisms in cancer cells and to evaluate the
impact of any such regulation on tumorigenesis®’,

The authors believe that their recent publications on
animal models of alcoholism and the work of others may
provide evidence for Parkin-mediated oncosuppression,
which may have implications in cancer therapy.
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Abstract

Hepatitis C virus (HCV) infection has been a global
health problem for decades, due to the high number
of infected people and to the lack of effective and well-
tolerated therapies. In the last 3 years, the approval of
new direct acting antivirals characterized by high rates
of virological clearance and excellent tolerability has
dramatically improved HCV infection curability, especially
for patients with advanced liver disease and for liver
transplant recipients. Long-term data about the impact
of the new direct acting antivirals on liver fibrosis and
liver disease-related outcomes are not yet available,
due to their recent introduction. However, previously
published data deriving from the use of pegylated-
interferon and ribavirin lead to hypothesizing that we are
going to observe, in the future, a reduction in mortality
and in the incidence of hepatocellular carcinoma, as
well as a regression of fibrosis for people previously
affected by hepatitis C. In the liver transplant setting,
clinical improvement has already been described after
treatment with the new direct acting antivirals, which
has often led to patients delisting. In the future, this may
hopefully reduce the gap between liver organ request
and availability, probably expanding liver transplant
indications to other clinical conditions. Therefore, these
new drugs are going to change the natural history of
HCV-related liver disease and the epidemiology of HCV
infection worldwide. However, the global consequences
will depend on treatment accessibility and on the number
of countries that could afford the use of the new direct
acting antivirals.

Key words: Direct acting antivirals; Hepatitis C; Liver

transplantation; Liver fibrosis; Cirrhosis; Hepatocellular
carcinoma

March 8,2017 | Volume 9 | Issue 7 |



Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The approval of new direct acting antivirals
with high rates of virological clearance and excellent
tolerability has dramatically improved hepatitis C virus
(HCV) infection curability, especially for patients with
advanced liver disease and for liver transplant recipients.
The aim of this review is to draw the possible future
scenery in HCV-related liver disease, focusing our
attention on the impact of second generation direct
acting antivirals on liver fibrosis, hepatocellular carcinoma
and liver transplantation.

Ponziani FR, Mangiola F, Binda C, Zocco MA, Siciliano M,
Grieco A, Rapaccini GL, Pompili M, Gasbarrini A. Future of
liver disease in the era of direct acting antivirals for the treatment
of hepatitis C. World J Hepatol 2017; 9(7): 352-367 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v9/i7/352.
htm DOTI: http://dx.doi.org/10.4254/wjh.v9.i7.352

INTRODUCTION

Since its discovery, hepatitis C virus (HCV) has been a
constant burden for global health, with 3 to 4 million new
infections each year and an overall number of 130-170
million infected people in the world™. The prevalence
of HCV infection has a large geographical variability,
ranging from less than 1% to more than 10% in different
regions'*?. In particular, 2.3 million of the chronically
infected subjects have been estimated to reside in the
United States, 1.5 in Japan and 11.5-19 in Europe™.
HCV infection becomes chronic in up to 50%-80% of
cases, establishing a damage that may lead to cirrhosis
and its complications [e.g., hepatocellular carcinoma
(HCCQ), portal hypertension, liver decompensation and
insufficiency] in approximately 10%-20% of patients™®.,
Nevertheless, chronic HCV infection may be associated
with extrahepatic manifestations, such as cryoglobulinemia
and non-Hodgkin lymphoma, mainly caused by the
continuous stimulation of the immune system®,
Non-pegylated interferon (IFN) or pegylated IFN
(PEG-IFN) in combination with ribavirin (RBV) have been
the main pharmacological agents for the treatment of
HCV infection. However, only 30%-40% of subjects
with genotype 1 HCV and 70%-90% of those with
genotype 2 and 3 treated with PEG-IFN in association
with RBV were able to reach a sustained virological
response (SVR), defined as the absence of detectable
levels of HCV-RNA 24 wk after the end of treatment®™.
In 2011 the association of the first-generation direct
acting antivirals (DAAs) boceprevir and telaprevir with
PEG-IFN and RBV increased the overall SVR rates to
68%-75% for naive patients and to 59%-88% for
treatment-experienced patients, even if these regimens
were dedicated just to the treatment of genotype 1
HCV infection!*>****!, However, the suboptimal response
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rates, the long duration of treatment (24-48 wk) and the
scarce tolerability of boceprevir and telaprevir, especially
by cirrhotic patients, has heavily affected their clinical use
and has led to search for new drugs™®.

SECOND-GENERATION DAAs

The second-generation DAAs are characterized by ele-
vated SVR rates, good safety profiles, and more com-
fortable types of administration. They can be used or not
in combination with RBV, depending on virological and
disease-associated characteristics™”). Sofosbuvir (SOF)
has been the first new agent approved by the Food and
Drug Administration (FDA) in December 2013 (Table 1
and Figure 1)"8,

SOF targets HCV-RNA replication with a pangeno-
typic efficacy since it blocks the nucleotide polymerase
NS5B, which is highly preserved among different HCV
genotypes'®, Treatment with SOF, either in combination
with PEG-IFN plus RBV or with RBV alone has shown SVR
rates above 85% at 12 wk after the end of treatment
(SVR12)™, Successively, new DAAs for the treatment
of HCV infection in association with SOF have been
approved: Simeprevir (SMV, a NS3/4A protease inhibitor)
and ledipasvir (LDV, a NS5A inhibitor) for genotype 1,
and dadlatasvir (DCV, a NS5A inhibitor) for genotype 3,
reporting SVR12 rates > 90%""*", More recently, the
pangenotypic NS5A inhibitor velpatasvir has also been
approved for HCV treatment in combination with SOF%>?%,

The first antiviral regimen SOF-free was approved
in July 2015 and includes paritaprevir (a NS3/4A pro-
tease inhibitor), ritonavir (a CYP3A inhibitor, used as a
pharmacologic booster) and ombitasvir (@ NS5A inhibitor),
in association with dasabuvir (a non-nucleoside NS5B
polymerase inhibitor), and is indicated for the treatment
of genotype 1 (with dasabuvir) and 4 (without dasabuvir)
HCV infection”®, Successively, the FDA has approved
another SOF-free antiviral regimen including elbasvir and
grazoprevir®, and new drugs with pangenotypic efficacy
are in final phase of study and will soon be available™”.

The main advantage of the new DAAs-based antiviral
regimens is the achievement of high SVR rates for all
HCV genotypes within a short treatment period, together
with the infrequent occurrence of side effects, usually of
mild grade. Resistance-associated variants (RAVs) of the
virus may exist prior to treatment, may persist for years
after treatment and affect most frequently the NS3/5A
viral protein; RAVs are associated with (but do not in-
evitably result in) treatment failure, which may occur in
about 10%-15% of patientst**2,

The most ambitious result we might expect from the
use of DAAs would be the reduction of liver cirrhosis-
related complications, such as HCC development, and in
the long-term period a decreased progression towards
end-stage liver disease and a decreased need for liver
transplant (LT), as well as the prevention of post-LT
HCV infection recurrence™, Indeed, according to the
latest data published by the World Health Organization
in 2013, 5%-7% of infected subjects died from a
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Figure 1 Second-generation direct acting antivirals molecules.

disease related to HCV*, with an estimated risk of liver
failure of 10.4% and 26.5% in patients with F3 and F4
fibrosis, respectively™. HCV-associated liver disease
represents the most common indication for LT and, in
developed countries, is the most common etiological factor
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of HCC, which is the third leading cause of cancer death
worldwide™**”,

However, due to the relatively recent introduction of
these new drugs, data about their impact on liver disease
progression, complications and liver-related mortality are
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Table 1 Main features of antiviral targets and clinical indications of second-generation direct acting antivirals''”
Molecule Class Target Genotype Associations
Sofosbuvir Nucleotide polymerase NS5B RNA-dependent RNA Pangenotypic Ledipasvir
inhibitor polymerase Daclatasvir
Simeprevir
Velpatasvir
Dasabuvir Non-nucleoside polymerase ~ NS5B RNA-dependent RNA Genotype 1 Ombitasvir + paritaprevir + ritonavir
inhibitor polymerase
Ombitasvir NS5A Genotype 1, 4 Paritaprevir + ritonavir with or without dasabuvir
Daclatasvir NS5A Genotype 1, 2,3 Sofosbuvir
Ledipasvir NS5A Genotype 1, 4 Sofosbuvir
Velpatasvir NS5A Pangenotypic Sofosbuvir
Elbasvir NS5A Genotype 1, 4 Grazoprevir
Paritaprevir NS3/4A protease Genotype 1, 4 Ombitasvir + ritonavir with or without dasabuvir
Simeprevir NS3/4A protease Genotype 1, 4 Sofosbuvir
Grazoprevir NS3/4A protease Genotype 1, 4 Elbasvir

scarce. Therefore, previously published data about the
impact of SVR achieved with PEG-IFN-based regimens
are the only available reference to evaluate the future
positive effects that DAAs might produce on liver disease
outcomes.

IMPACT OF VIRAL ERADICATION
ON LIVER CIRRHOSIS-ASSOCIATED
MORBIDITY AND MORTALITY

Published data have demonstrated a correlation between
the achievement of SVR and the reduction of HCV-
related complications, liver disease severity and mortality
(Table 2).

Veldt et al**"! reported that among 286 subjects who
achieved SVR and were followed-up for 5 years, only 1%
experienced liver failure, with a survival similar to that
of the general population. Another study including 721
patients with chronic hepatitis C reported a significantly
lower annual mortality rate in subjects who had previously
achieved SVR after IFN therapy compared to those who
had not (0.44%/year, 1.98%/year and 3.19%/year for
SVR, non-SVR and untreated patients, respectively; P
< 0.0001). The study also showed that viral clearance
was able to reduce the hazard ratio for total deaths by
0.173%%,

A meta-analysis including 129 trials for a total amount
of 15067 patients has demonstrated that SVR achieve-
ment reduces the risk of LT requirement by 90%, and the
risk of death by 60%-84%""*!, Nevertheless, viral clearance
leads to a lower incidence of liver-related morbidity and
death (0.62 and 0.61 among SVR patients, respectively,
and 4.16 and 3.76 among non-SVR patients, respectively;
P< 0.001)". Recent data further confirmed that HCV
infection resolution allows reduction in the incidence of liver
decompensation*”, all-cause mortality™***” and annual
deaths rate (8.9% in SVR patients vs 26.0% in non-SVR
patients; P < 0.001)"¥. This evidence was confirmed by
an extensive review by Szabo et af*"'; moreover, survival
rates comparable to general population have been
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reported after the achievement of SVR even in patients
with well-compensated cirrhosis'*®. Although useful to
figure out the long-term benefits expected from DAAs,
the interpretation of data emerging from the use of IFN-
or PEG-IFN-based regimens is limited by the selection
of patients, since those affected by comorbidities
were usually not suitable for treatment and were not
included in outcomes analyses; moreover, the lack of
homogeneous design and patients’ stratification make it
difficult to deduce general conclusions.

IMPACT OF VIRAL ERADICATION ON
LIVER FIBROSIS

Despite the positive impact of HCV infection eradication
on patients’ prognosis, few data about liver cirrhosis/
fibrosis regression are available.

Regression of liver fibrosis as a result of viral clea-
rance is supported by the reduction of inflammatory
mediators that leads to apoptosis of myofibroblasts,
and occurs by the inactivation of stellate cells. The down-
regulation of inflammation, as well as microvascular
remodelling, degradation of extracellular matrix and
hepatocyte repopulation leads to the generation of new
hepatic tissue®™"!,

Cirrhosis regression has been reported in about
61% of cases after a median time of 3 years from the
achievement of SVR (Table 2)*2. Mallet et at** observed
the evolution of liver fibrosis in 96 patients treated with
IFN or PEG-IFN with or without RBV, for a median follow-
up of 118 mo. Although statistical significance was not
reached, 18 subjects obtained a regression of fibrosis
from METAVIR stage 4 to stage < 2. In another study,
among 153 cirrhotic patients treated with IFN or PEG-IFN
in combination or not with RBV for 24 or 48 wk, 75 (49%)
had a regression of fibrosis after a mean time of 21 + 4
mo. In addition to SVR, factors independently associated
with histology improvement were age < 40 years (P <
0.001) and body mass index < 27 kg/m? (P < 0.001)"",

Other small studies reported variable rates of fib-
rosis regression after different time periods from viral
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types I and II IFN in liver tissue and an increase of
IFN-alpha2 have been observed”. Conversely, other
authors have reported a loss of intrahepatic immune
activation by IFN-gamma, associated with normalization
of the natural killer cells phenotype and function,
consequent to DAAs treatment””®. How these findings
may be associated with DAAs treatment outcome still
needs to be further elucidated.

Although the risk of HCC development is significantly
reduced by viral clearance it is not completely eliminated,
especially in cases of persistence of other cofactors
promoting carcinogenesis. Toyoda et al’”’ reported that
18/522 patients who achieved SVR after IFN treatment
developed HCC after a median follow-up of about 7.2
years (1.0-22.9 years), with an incidence of 1.2% and
4.3% at 5 years and 10 years, respectively. In the
analysis, the presence of diabetes mellitus and advanced
fibrosis (FIB-4 index = 2) at 24 wk after SVR were
correlated to an increased risk of developing HCC. Other
data identified type 2 diabetes mellitus and total alcohol
intake as independent risk factors for HCC development
(HR = 2.77, 95%CI: 2.13-3.60, P < 0.001 and HR=
2.13, 95%CI: 1.74-2.61, P < 0.001, respectively)’®.
In another study, among 232 SVR patients who un-
derwent liver biopsy between 1992 and 2009, the
development of HCC was definitively lower in the group
with low-intermediate grade fibrosis (FO-F2 according to
Metavir) than in that with F3-F4 grade (1.6% and 8%,
respectively)”®.

Data about the impact of DAAs treatment on HCC
recurrence in previously treated patients and on the
development of new HCC nodules have been recently
published. It seems to be clear that these new antivirals
are not able to modify the natural history of HCC in
cirrhotic patients, and it has also been postulated that
they may act as promoters, although other studies
have not supported this hypothesis®®®”\. Probably, an
investigation focused on the immunologic changes and
the microenvironmental hepatic tissue alterations conse-
quent to DAAs treatment may be worthwhile to quell this
debate™.

DAAs AND LT

HCV infection-associated cirrhosis and HCC account
for 40% of all cases on the LT waiting list in the United
States and for about 1/3 of LTs in cirrhotic patients?*?,
HCV infection recurrence of the graft is universal and
leads to cirrhosis in up to 20%-30% of recipients,
being one of the most important causes of death and
retransplantation®*®”, The time course of post-LT HCV
reinfection is faster than among immunocompetent
individuals; cirrhosis can be histologically documented
within 5 years after LT, and from that point on the first
episode of decompensation may occur within less than 1
year®™",

After HCV infection eradication, a 62%-84% decrease
in 5-year mortality as well as a reduction by 90% of
the risk of receiving LT have been reported™®. This im-
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provement in survival was observed in both sustained
virological responders and relapsers”®”. The new available
DAAs account for response rates higher than 90%
and are better tolerated than either IFN and PEG-IFN,
allowing for treatment of patients for whom the previous
antivirals were contraindicated and who had low chances
of response due to unfavourable virological or clinical
conditions™ ., As patients who achieve SVR have a
reduced risk of progression to cirrhosis and of developing
its complications, the widespread use of the new DAAs
will probably change the scenario of LT, potentially
reducing the need for liver organs.

DAAs treatment before LT

The aim of antiviral treatment in patients on the waiting
list is to prevent the recurrence of HCV infection after LT.
To reduce the risk of post-LT recurrence, the achievement
of at least 30 d of HCV-RNA negativity before LT has
been suggested®*®*!. However, whether it is necessary
to continue antiviral therapy after LT in patients who
received a very short course of therapy before transplan-
tation is not yet clear™®,

Furthermore, achieving SVR in waiting-list patients may
directly impact the severity of liver disease, with possible
delisting after treatment. A recent real-life multicentre
study™” including 103 decompensated cirrhotic patients
listed for LT and treated with second-generation DAAs
reported HCV eradication rates of 16% at 24 wk and of
35% at 48 wk after the beginning of treatment (Table 3).
This was associated with delisting of 20% of patients
at 48 wk from the end of treatment. The evidence of
a significant improvement of liver function also comes
from the SOLAR-1 study cohort A®®, including cirrhotic
patients with decompensated disease treated with LDV
and SOF plus RBV. For this study, similar SVR rates (from
86% to 89%) were reported for Child-Pugh class B and
C patients regardless of treatment duration, and this was
associated with the improvement of model for end-stage
liver disease (MELD) and Child-Pugh scores.

Other studies confirmed liver function amelioration after
viral eradication in decompensated dirrhotic patients 2.
although in cases with more advanced liver impairment
(Child-Pugh C, albumin lower than 3.5 g/dL, MELD > 20)
and in the elderly worsening of liver function has also
been reported!?*'%¢,

Delisting due to clinical improvement may therefore
become frequent in the era of DAAs, making it possible
to reserve LT only to patients who do not show signifi-
cant benefit. Munoz!'”! estimated that DAAs-induced
reduction in MELD score down to the threshold of LT
benefit may occur in 592-993 listed patients/year during
the first year after treatment, and that approximately
213-515 donated livers/year may become available for
redistribution to other patients.

The future impact of DAAs on indications for LT and
on organ allocation policy may depend not only on the
decreased number of HCV-infected recipients but also
on the potential use of anti-HCV positive donors™®!,
Indeed, DAAs might introduce a new era, in which anti-

March 8,2017 | Volume 9 | Issue 7 |



Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

aurfaseq
WIOI} S9OUSIDJJIP Ied[IuSIs ON

s1d 0 9 /% ur yusweAoxdw gD
s1d Jo 9,16 ur JuswaAoxdwr QTN

s1d (%£9¢)
0¢/11 ut yuswasordwr 1IN

s3d o 9,09 ur yuswAoIdwT Py
syd jo 9 /% ur yuawasoxdwr qTHN

%89 *d PIYD 01 D PIUD

%8T :V PIUD 03 g PIYD
9%/ ur yuawpAoidwr qTIN

%8¥ :d PID 03 D PIYD
%S€E 'V PID 03 d PIYD
T0-+67C ‘dTdN
SOLRINIP YIIM [} dUILII] Jeuf}
sayse Arojoeryar ur juswaroxduy

%0 “Bunsipq
sputod - :piyD

spurod $°¢ - @ THN

%EVL

(%98) 06/ L >IM $T TAA /A0S
(%¥6) £8/T8 >IM T AQY + THA/dOS
(%£8) 06/ >Im TL THA /A0S

(%06) 0€ /LT MAS

(%99) 91/6 2D PIUD
(%%6) Te/0€ :d PIUD
(%26) TL/TL ¥ PIUD
AM T
%0 M T D PID
%00T M FT ((%£9) €/ 1M T1 :d PIUD
¥ adKjouan)
(%09) T/1(%82)

€¢/81AM ¥T (%G8) 0T/ L1 M TL 2D PIYD

(%96)

€2/TT M T (% £8) €¢/0T 1M T1 :d PIUD

1 ad£yousld

%V8 AAS

%86 AAH
%L9 A
(1M $2-21) VVA 2 + 40S

%86 YAH
%19 JAY (1M 87-77) A9 /d0S
(%£8) €2/0T 1M ¥~

M T ADY F AQT/40S

3M ZL AGY + TIA/IOS
M ¢ 10 T THA /A0S

M T 9T/ Z9D

M $ 10 TL ADY + 40S/ADA

M 2 10 L ADY + JOS/Ad'1
02 :(1m TT) AQY F ADA/AQ1/40S
£2:0ImM TT) 9719/79D
96 (1M TT) AQY + 40S/ADA
02 :(IM Fz-2T) AQY + AQ'1/d0S

(%89) €01/ :ADd T AINS/40OS
(%6¢¢) €01/5€ A9 F ADA/A0S
(%£°8) €01/6 :ADd T AQ'1/40S
(%¥°09) €0T/2S :A9¥/40S

(%8%T) T0L/SL *V PIUD

(%1%) £9¢/11 D PIUD
(%6'68) £92/0%C :d PIMD
(%9) £9T/9T ¥ PIUD

SISOULID g PIYD A[UO

(% £2) 09/9T 2D PID
(%€°€9) 09/2€ *d PID
(%02) 09/TT :V PID

(%h) £01/S¥% 2D PIYD

(%99) £0T/09 :d PID
(%) LOT/T ¥ PIUD

SISOULID A[UQ

(%£°99) €01/£4S D PIUD
(%£¥) €0L/9% :d PIYD
0:V PIUD

(%2£°82) 10L/6C 21D
(%€°0) L92/T:9D
(%€) £92/8 FD
(%9°%1) £92/6€ €D
(%S%) £L92/TTTO
(%81) £9¢/8% 1D

(%9°65) £9T/66T °1D

(%01) 0€/€ :a1D
(%06) 0€/4T BT
T Hed
(%£9) 09/% D
(%0T) 09/9 :€D
(%€'8) 09/ TO
(%€'8T) 09/TT : 41D
(%£°99) 09/%€ 1D

(%%°6) £01/0T D

(%6°¢¥) LOL/L¥ :A1D
(%£°9%) LOT/08S *1D

(%¥'61) €0L/0T 7D
(%¥61) €0L/0T €D
(%€) €01/ 7O
(%8°8€) €0T/0% 91D
(%¥61) €0L/0T 21D

90T *ygyl 12 K01

GTOT “(ypyl? 72 AT

GTOT |12 #2 GOSqOOR[

9TOT “pooul? 92 PEPI0OJ

9TOT “|yol? 42 SUURIN

GTOT ‘| oyl? #2 ZOUNIN

9TOT |12 #2 TI1Pg

(%98) TT/61 M T1-
D PIYD
(%872 801/¢ #D
(%68) £T/7T M - (%6°8¢) 801/T¥ :D PIUD (%2£'82) 80L/1¢ :A1D
(%£8) 08/92 M TT- (%2°09) 80T/99 :d PID (%5°89) 80L/¥L e1D
= g PID M $T 10 7L ADY + A0S/AAT (%) 80L/1 :V PID V HoYyoD GTOT ‘gt $2 UOITRYD
JudwdAoIdwl pan1dsqO el YAS judwieal] agess sisoaqiq adfyouas ADH JEN|

uopeue|dsues) JIAI 10§ paIsi| JO/pue SISOYLID PadueApe yim syuaired ul sfesiApue Supde 1021p JO SI1094J2 dY) Sunen[eAd saIpnIs ulep € d[qel

March 8,2017 | Volume 9 | Issue 7 |

360

WJH | www.wjgnet.com

JBaishideng®



Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

AQ padiajul aq ued spadsold Buibeinoous ybnoyjje ‘pipaid 03 ndowip SI suswiibad jeliApue 9a4i-N4T JO BIS U3 Ul Ajjjepiow pue AJpiglow pajejal-ADH 4O puaty aimny syl

Jdnind 3HL NI SNOILVIINdINOD d31Vv13d-ISVISIA ANV NOILIO34NI ADH

*suonRedl|dwod SISOULIID JoAI| PUB UOIPDUNJSAP JaA]|
0} pajejad Ajjepow pue AJipigJow Sy} pue uonejueidsueliad 1oj pasau ay3 2onpad Ajjnyjadoy |jim Jusuuead) jediapue 0} Jusnbasuod JuswiaAcidwl uoiduUNy ANl “91081ay L
"z TYAS PIASIYOR OUYM SISOULID pjesuadulodap Yim sjusied ul paAISsqo sem sa10ds @13 PUe ssep ybnd-pliyd Ul Juswiaaoidwl ue 49AsMoH “AjpAdadsal ‘sauo
D pue g ssep ybnd-piiyd Ul %G9 pue oG8 03 paledwod syusied v ybnd-piiyd Ul 996 Sem jel asuodsal 3y ‘AgY snid 40S pue AdT Yim pajeay souaiindas D sineday 17
-3sod yym syuaned ul Apmis 2.3usoiRinw ‘aARoadsold e AQ paULIYUOD SBM SIYL "o eSIUS1FRd p3EaI} Ul S2100S ybnd-p|iyD pue i3I u uswaroldwll ue papiodad os|e saipnis
Z- pue T-¥4v10S 9Y3 quauuiedw oAl paoueApe aJ4ow YyIm sjusned dROYLID 17 Ul JNDLIP 40w SI YAS JO JuswaAaIyde ay3 1eys ybiybiy Aew eyep asayy ybnoyly
“rrvoon/\GY UAIM
40S snid ADQ pue Agy InoyIm Jo yam 40S snid AWS Buipnpul suswibad uoieuiquuiod Suy3 J0) 0S|e SaW03N0 poob pauyuod Apms 139YVI-ADH 92Ul pue T-AT1V 9yl
"morPIM HZ 10 XM ZT 104 AGY Snid 40S pue AT UM pajeady
uoiPRjul ADH + 40 T 2dAjousb pue sisoyp pajesuadwodsp Yim syualdidad |7 Ul s91ed YAS JUd|[90xa papodal os|e ‘z-4v10S 943 ‘ubisep Jejiwis e yiim Apnls JaLjouy
‘AlpAIpadsal Juauuiead) JO )M $Z pue dm T Buinidal sjusied ul 9SG/ pue 9,09 buiaq “YAS
JO S33e4 JoMO| pey ‘peajsul ‘9 dnodb pue Jusuuiead) JO MM 2 PIAISIRI OYM 3SOU3 JO 9,88 AQ pue jusuwuiead] JO )M ZT PaAIRdad oym sjuaied JO 94,98 AQ PaAdIYIe SeM YAS
‘g dnoub ul {uoneinp jusunealy Jo uspuadapul 9486 03 9,96 WOl pabuel sajel YAS aU3 7 pue € sdnoub ug *(9 dnoub) sisoyuip D pue (g dnotb) g ybnd-piyd yam pue ‘(4 dnoub)
SISOYLID pajesuadwod ym ‘(€ dnouab) sisoy.did Jnoyim sjuaidipad |7 Jo Juswiealy aya ul Agy snid 40S pue Ad Jo Adedyjs sy} palojdxe ' 1s619 HOU0D ‘Apmis T-¥v10S YL
(% 91geL) suaididad 17 Jo JusweaU] B4 Ul S)NSaJ pajuspadaldun pajensuowap aAeY Syvd
17 48)je Jusuneat) syyq

"A|IgiSse00e paydLIsal AQ payiLU] [JAS-SI UDIUM “qusuujesy uondajul ADH J0) Syvd JO asn pealdsapim sy Uo se |jam se
‘uonoajul ADH 104 sapijod Bulusa.Ids Jo uoidope [eSISAIUN U3 U0 Paseq ale SUORRIaPISU0D 33U} 4aASMOH *Uoidaul ADH SAIDE 10 snoiaald Jo anss] 8y} BuILodIaA0 ‘siouop
aAnisod ADH-RUe woy syelb JaAll JO UORedO||e By} pue BDj0YD BY3 Ul [eIDNID Swodaq Aew uonen|eAs [e160j0sIy ‘aiminy au3 Ul ‘Ajgeqold ‘(o Suelbolle aanebau-AdH
paAigda.l oym sjuaidioadl Jo 850y Yam ajqesedwiod aq pinod syelbojie aARisod-ADH 1decoe oym sjusidioad 1) SeWoIN0 17 3eyy 315966Nns exep Jusdsy *(,;PaINd Alises ag Aew
3 ‘17 Buunp souop aARIsod ADH-RUE WO} UOISSILLUSURL UOIRDajuUl ADH JO 9SED Ul “419A08.0| "syelb JaAl| Jo 921n0s |epusjod e se palapisuodal aq pinod siouop aARisod ADH

‘suryeday onyeysafod Sursoiqrg DA ‘iaseredpA (THA “Iaseq :g1d “asrdozern) 1zyo) {(Jusumyear) Jo m ¢ 1913e [ ST
> VNY-ADH) asuodsar reardojoria Alreq AT ‘(Juawiear) jo Ym § 193e [ ST > VNRI-ADH) 2suodsax [eordojoara prdey JAY “rasrdawig :AJNS “rasejepeq ADJ ULIARAR AGY “1ANGS0JoS :JOS “asedIpa] :AQT ‘SIUane ] :SiJ

(%¥) 091/9 D PIUD

auraseq %€L (ADY UM %S€E) D/d PIIUD (%1€) 091/6¥ 4 PIUD (%8€) 091/29 :qL
WO S30USISJIP JULdYTUSIS ON %16 (ADY YIM %/£) V PIYD M ZL ADY F 0S/ANS (%59) 091/101 :V PIYD (%29) 091/86 BT GLOT “pyu I 12 BUSXES
(FAAS Suraaryoe soyze parp sid 1) (%89 :4 (%1) 6TL/T D PIND (%11) 611/€1D :(2dL3gns ou) 1D
TLAAS posampe jeyy sid (%5'99)  PIYD ‘%€8 1V PIND ‘%8Z) 8T1/T6 :TL YAS (%62) 611/%¢ 4 PIVD (%02) 611/%C A1D
26/19 ur Juswaaoxdwr qTIA (%69) 611/T8 “IAY M L AGY F J0S/ANS (%02) 611/¥8 :V PIUD (%69) 611/28 ®1D GLOT “(gul? 92 PNbY

(%T) TOL/T :PXIA
(%1) TOL/T %D
(%8°€2) T0L/¥2 :€D

01O
O P %1 (%8°81) T0T/6L :D PIUD (%£92) 101/ £t :(dfiqns ou) 15
‘d PIUD %9) %6°Z d¥e1 AN[eitoN (%€99) T0L/£9 :d PID (%881) T0L/61 41D

March 8,2017 | Volume 9 | Issue 7 |

361

WJH | www.wjgnet.com

JRaishideng®



Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

Table 4 Studies evaluating the effects of direct acting antivirals in liver transplant recipients

Ref. HCV genotype Fibrosis stage

Treatment

SVR12 rate Observed improvement

Cohort B
Gla: 164/229 (71.6%)
G1b: 63/229 (27.5%)
G4:2/229 (0.9%)

Charlton et
al®™, 2015

No cirrhosis: 111/229 (48.5%)
Child A: 51/229 (22.3%)
Child B: 52/229 (22.7%)

Child C:9/229 (3.9%)
FCH: 6/229 (2.6%)

Cohort B
Gla: 113/226 (50%)
G1b: 86/226 (38%)
G4:27/226 (12%)

Manns et
al™™, 2016

No cirrhosis: 101/226 (44.7%)
Child A: 71/226 (31.4%)
Child B: 40/226 (17.7%)

Child C:9/226 (4%)
FCH: 5/226 (2.2%)

FO: 6

F1:10

F2:7

F3:13

F4:16

ND:1
Cirrhosis: 97/151 (64.2%)

Poordad et
al™™, 2016

Gla: 31/53 (58.5%)
G1b: 10/53 (18.9%)
G2:0
G3:11/53 (20.7%)
G4:0
G6:1/53 (1.9%)
Gla: 87/151 (57.6%)
G1b: 42/151 (27.8%)
G1 (unspecified): 22/151
(14.6%)

Brown et
al™, 2016

LDV/SOF + RBV
12 or 24 wk

LDV/SOF + RBV
12 or 24 wk

DCV/SOF + RBV

No cirrhosis: =
12 wk 53/55 (96) 24 wk 55/56 (98)
Child A:
12 wk 25/26 (96 %)
24 wk 24/25 (96%)
Child B:
12 wk 22/26 (85%)
24 wk 23/26 (88%)
Child C:
12wk 3/5 (60%)
24wk 3/4 (75%)
FCH:
12 and 24 wk 100%
Genotype 1:
No cirrhosis: 12 wk: 42/45 (93%)
24 wk: 44/44 (100%)
Child A:
12 wk: 30/30 (100%)
24 wk: 27/28 (96%)
Child B:
12 wk: 19/20 (95%)
24 wk: 20/20 (100%)
Child C:
12 wk:1/2 (50%)
24 wk: 4/5 (80%)
FCH:
12 and 24 wk: 100%

MELD improved in 58%

Child B to A: 52%
Child C to B: 60%

Genotype 4:
No cirrhosis:
12 and 24 wk 100%
Child A:

12 wk 3/4 (75%)
24 wk 100%
Child B:

12 and 24 wk 100%
Child C:

12 wk 0%

50/53 (94%) -

12 and 24 wk

SMV/SOF + RBV

133/151 (88%) -
SMV/SOF 105/119 (88%)
SMV/SOF + RBV 28/32 (88%)

LDV: Ledipasvir; SOF: Sofosbuvir; RBV: Ribavirin; DCV: Daclatasvir; SMV: Simeprevir; RVR: Rapid virological response (HCV-RNA < 15 UI after 4 wk
of treatment); EVR: Early virological response (HCV-RNA < 15 UI after 12 wk of treatment); GRZ: Grazoprevir; ELB: Elbasvir; VEL: Velpatasvir; FCH:

Fibrosing cholestatic hepatitis; HCV: Hepatitis C virus.

recent data and projections.

Sievert et af'**! recently analysed the future effects of
the increase in SVR rates in the Australian population,
taking into account three different models: Without
increasing (first scenario) or increasing (second scenario)
the number of treated patients and, finally, considering
treatment prescription restricted to patients with fibrosis
= F3 only (third scenario).

Applying the model of restricted prescription in the
time period between 2015 and 2017, an estimated
reduction by 51% of HCC development and by 56%
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and 54% of compensated and decompensated cirrhosis
could be expected in 2030, respectively, as well as a
56% decrease in mortality rates. The cumulative costs
of HCV infection were reduced by 26% from the base
case. If the time span was extended to all years, a
90% decrease in compensated and decompensated
liver cirrhotic patients was expected by 2030, with
a reduction of HCC by 84%. In absence of eligibility
restriction, chronically infected people were estimated
to reduce by 60% in 2030, with a slightly lower
decrease of cases of cirrhosis and HCC and comparable
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cumulative costs reduction.

A similar study conducted on the French population
analysed the reduction in the need for LT associated with
HCV infection treatment. Based on two main scenarios
constructed by estimating the number of LT candi-
dates between 2013-2022, the authors demonstrated
that antiviral treatments will avoid 4425 transplants,
reducing by 45% and by 88% the gap between liver
organs request and availability for patients with decom-
pensated cirrhosis and HCC, respectively. This will allow
for satisfaction of the LT demand for patients affected
by HCC within 2022, although (probably) the same
results cannot be achieved for decompensated cirrhotic
patients™*,

Finally, Kabiri et af™*! published a transition model
analysis to predict the effect of HCV therapies in the
United States. Compared to a scenario including new
therapies but with limited treatment capacities and
risk-based or birth-cohort screening, a scenario with
universal screening and absence of treatment limitations
was able to prevent 91000 cases of HCC, 128800
cases of decompensated cirrhosis, 153200 liver-related
deaths, and 13400 LT. The authors concluded that HCV
might be destined to become a rare disease within
2036.

Although the major limitation of these studies is
represented by the correct estimation of treatment
response rates, as well as by the quantification of
treatment costs, which are in constant evolution, they
may provide a useful projection of the evolution of HCV-
related health and economic burden in the near future.

CONCLUSION

The discovery of DAAs has radically changed the
world scene of hepatitis C infection and its associated
morbidity and mortality.

The current evolution and revolution of HCV antiviral
treatment has increased the number of patients achieving
viral eradication and, therefore, is going to reduce the
incidence of cirrhosis, the rate of liver decompensation
and HCC development, as well as patients’ mortality.
This will probably lead to a decrease in the need for LT,
providing an adequate supply for nearly all patients with
HCC and part of those with decompensated cirrhosis.
The future widespread use of these new antivirals might
also influence the policy of donor selection, leading to
the expansion of the pool of available liver organs, since
HCV infection may represent no more a contraindication
for the use of liver grafts.

Although DAAs have made it possible to envisage a
bright future in the fight against HCV-related liver disease,
only long-term follow-up studies will allow for accurate
quantification of the benefit obtained. The assessment
of less evident effects of the new antivirals, such as
microenvironmental and immunologic changes in the liver,
is also mandatory to predict and avoid the occurrence of
possible unexpected consequences.

Finally, the disparity in the use of DAAs throughout
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the world caused by the high costs and the restricted
availability makes it difficult to draw definitive conclusions
about the future epidemiology and evolution of HCV-
related liver disease worldwide.

REFERENCES

1 European Association for Study of Liver. EASL Recom-
mendations on Treatment of Hepatitis C 2015. J Hepatol 2015; 63:
199-236 [PMID: 25911336 DOI: 10.1016/j.jhep.2015.03.025]

2 Global Burden Of Hepatitis C Working Group. Global burden
of disease (GBD) for hepatitis C. J Clin Pharmacol 2004; 44:
20-29 [PMID: 14681338 DOI: 10.1177/0091270003258669]

3 Lavanchy D. The global burden of hepatitis C. Liver Int 2009;
29 Suppl 1: 74-81 [PMID: 19207969 DOI: 10.1111/j.1478-3231.
2008.01934.x]

4 Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert
WL, Alter MJ. The prevalence of hepatitis C virus infection in
the United States, 1999 through 2002. Ann Intern Med 2006; 144:
705-714 [PMID: 16702586]

5 Hoshida Y, Fuchs BC, Bardeesy N, Baumert TF, Chung RT.
Pathogenesis and prevention of hepatitis C virus-induced hepato-
cellular carcinoma. J Hepatol 2014; 61: S79-S90 [PMID: 25443348
DOI: 10.1016/j.jhep.2014.07.010]

6  Westbrook RH, Dusheiko G. Natural history of hepatitis C. J
Hepatol 2014; 61: S58-S68 [PMID: 25443346 DOI: 10.1016/
j-jhep.2014.07.012]

7 Ferri C, Ramos-Casals M, Zignego AL, Arcaini L, Roccatello
D, Antonelli A, Saadoun D, Desbois AC, Sebastiani M, Casato
M, Lamprecht P, Mangia A, Tzioufas AG, Younossi ZM, Cacoub
P; ISG-EHCV coauthors. International diagnostic guidelines for
patients with HCV-related extrahepatic manifestations. A multi-
disciplinary expert statement. Autoimmun Rev 2016; 15: 1145-1160
[PMID: 27640316 DOI: 10.1016/j.autrev.2016.09.006]

8 Younossi Z, Park H, Henry L, Adeyemi A, Stepanova M.
Extrahepatic Manifestations of Hepatitis C: A Meta-analysis
of Prevalence, Quality of Life, and Economic Burden. Gastro-
enterology 2016; 150: 1599-1608 [PMID: 26924097 DOI: 10.1053/
j-gastro.2016.02.039]

9 Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G,

Gongales FL, Haussinger D, Diago M, Carosi G, Dhumeaux D,

Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus ribavirin

for chronic hepatitis C virus infection. N Engl J Med 2002; 347:

975-982 [PMID: 12324553 DOI: 10.1056/NEJM0a020047]

Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman

M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.

Peginterferon alfa-2b plus ribavirin compared with interferon

alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: a

randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749]

Hadziyannis SJ, Sette H, Morgan TR, Balan V, Diago M, Marcellin

P, Ramadori G, Bodenheimer H, Bernstein D, Rizzetto M, Zeuzem S,

Pockros PJ, Lin A, Ackrill AM. Peginterferon-alpha2a and ribavirin

combination therapy in chronic hepatitis C: a randomized study of

treatment duration and ribavirin dose. Ann Intern Med 2004; 140:

346-355 [PMID: 14996676]

Bacon BR, Gordon SC, Lawitz E, Marcellin P, Vierling JM,

Zeuzem S, Poordad F, Goodman ZD, Sings HL, Boparai N,

Burroughs M, Brass CA, Albrecht JK, Esteban R. Boceprevir for

previously treated chronic HCV genotype 1 infection. N Engl J

Med 2011; 364: 1207-1217 [PMID: 21449784 DOI: 10.1056/

NEJMo0al009482]

Sherman KE, Flamm SL, Afdhal NH, Nelson DR, Sulkowski

MS, Everson GT, Fried MW, Adler M, Reesink HW, Martin M,

Sankoh AJ, Adda N, Kauffman RS, George S, Wright CI, Poordad

F. Response-guided telaprevir combination treatment for hepatitis

C virus infection. N Engl J Med 2011; 365: 1014-1024 [PMID:

21916639 DOI: 10.1056/NEJMoal014463]

Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM,

Reddy KR, Bzowej NH, Marcellin P, Muir AJ, Ferenci P, Flisiak R,

George J, Rizzetto M, Shouval D, Sola R, Terg RA, Yoshida EM,

10

11

12

13

14

March 8,2017 | Volume 9 | Issue 7 |



19

20

21

22

23

24

JBaishideng®

Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

Adda N, Bengtsson L, Sankoh AJ, Kieffer TL, George S, Kauffman
RS, Zeuzem S. Telaprevir for previously untreated chronic hepatitis
C virus infection. N Engl J Med 2011; 364: 2405-2416 [PMID:
21696307 DOI: 10.1056/NEJMoal012912]

Poordad F, McCone J, Bacon BR, Bruno S, Manns MP,
Sulkowski MS, Jacobson IM, Reddy KR, Goodman ZD, Boparai
N, DiNubile MJ, Sniukiene V, Brass CA, Albrecht JK, Bronowicki
JP. Boceprevir for untreated chronic HCV genotype 1 infection.
N Engl J Med 2011; 364: 1195-1206 [PMID: 21449783 DOI:
10.1056/NEJMoal010494]

Hézode C, Fontaine H, Dorival C, Zoulim F, Larrey D, Canva
V, De Ledinghen V, Poynard T, Samuel D, Bourliere M, Alric L,
Raabe JJ, Zarski JP, Marcellin P, Riachi G, Bernard PH, Loustaud-
Ratti V, Chazouilleres O, Abergel A, Guyader D, Metivier S, Tran
A, Di Martino V, Causse X, Dao T, Lucidarme D, Portal I, Cacoub
P, Gournay J, Grando-Lemaire V, Hillon P, Attali P, Fontanges T,
Rosa I, Petrov-Sanchez V, Barthe Y, Pawlotsky JM, Pol S, Carrat
F, Bronowicki JP. Effectiveness of telaprevir or boceprevir in
treatment-experienced patients with HCV genotype 1 infection
and cirrhosis. Gastroenterology 2014; 147: 132-142.e4 [PMID:
24704719 DOI: 10.1053/j.gastro.2014.03.051]

HCV Guidance: Recommendations for Testing, Managing,
and Treating Hepatitis C. Available from: URL: http://www.
hevguidelines.org

FDA approves Sovaldi for chronic hepatitis C. FDA news release
US food and Drug administration, December 6, 2013

Sofia MJ, Bao D, Chang W, Du J, Nagarathnam D, Rachakonda
S, Reddy PG, Ross BS, Wang P, Zhang HR, Bansal S, Espiritu C,
Keilman M, Lam AM, Steuer HM, Niu C, Otto MJ, Furman PA.
Discovery of a B-d-2’-deoxy-2’-a-fluoro-2’-pB-C-methyluridine
nucleotide prodrug (PSI-7977) for the treatment of hepatitis C
virus. J Med Chem 2010; 53: 7202-7218 [PMID: 20845908 DOI:
10.1021/jm100863x]

Lawitz E, Mangia A, Wyles D, Rodriguez-Torres M, Hassanein
T, Gordon SC, Schultz M, Davis MN, Kayali Z, Reddy KR,
Jacobson IM, Kowdley KV, Nyberg L, Subramanian GM, Hyland
RH, Arterburn S, Jiang D, McNally J, Brainard D, Symonds WT,
McHutchison JG, Sheikh AM, Younossi Z, Gane EJ. Sofosbuvir
for previously untreated chronic hepatitis C infection. N Engl J
Med 2013; 368: 1878-1887 [PMID: 23607594 DOI: 10.1056/
NEJMoal214853]

Lawitz E, Sulkowski MS, Ghalib R, Rodriguez-Torres M,
Younossi ZM, Corregidor A, Delesus E, Pearlman B, Rabinovitz
M, Gitlin N, Lim JK, Pockros PJ, Scott JD, Fevery B, Lambrecht
T, Ouwerkerk-Mahadevan S, Callewaert K, Symonds WT, Picchio
G, Lindsay KL, Beumont M, Jacobson IM. Simeprevir plus
sofosbuvir, with or without ribavirin, to treat chronic infection
with hepatitis C virus genotype 1 in non-responders to pegylated
interferon and ribavirin and treatment-naive patients: the COSMOS
randomised study. Lancet 2014; 384: 1756-1765 [PMID: 25078309
DOI: 10.1016/S0140-6736(14)61036-9]

Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E,
Nahass R, Ghalib R, Gitlin N, Herring R, Lalezari J, Younes ZH,
Pockros PJ, Di Bisceglie AM, Arora S, Subramanian GM, Zhu Y,
Dvory-Sobol H, Yang JC, Pang PS, Symonds WT, McHutchison
JG, Muir AJ, Sulkowski M, Kwo P. Ledipasvir and sofosbuvir
for previously treated HCV genotype 1 infection. N Engl J
Med 2014; 370: 1483-1493 [PMID: 24725238 DOI: 10.1056/
NEJMoal316366]

Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE,
Lawitz E, Shiffman ML, Schiff E, Ghalib R, Ryan M, Rustgi V,
Chojkier M, Herring R, Di Bisceglie AM, Pockros PJ, Subramanian
GM, An D, Svarovskaia E, Hyland RH, Pang PS, Symonds WT,
McHutchison JG, Muir AJ, Pound D, Fried MW. Ledipasvir and
sofosbuvir for 8 or 12 weeks for chronic HCV without cirrhosis.
N Engl J Med 2014; 370: 1879-1888 [PMID: 24720702 DOI:
10.1056/NEJMoal402355]

Sulkowski MS, Gardiner DF, Rodriguez-Torres M, Reddy
KR, Hassanein T, Jacobson I, Lawitz E, Lok AS, Hinestrosa F,
Thuluvath PJ, Schwartz H, Nelson DR, Everson GT, Eley T, Wind-
Rotolo M, Huang SP, Gao M, Hernandez D, McPhee F, Sherman

WJH | www.wjgnet.com

25

26

27

28

29

30

31

32

33

34

35

D, Hindes R, Symonds W, Pasquinelli C, Grasela DM; AI444040
Study Group. Daclatasvir plus sofosbuvir for previously treated
or untreated chronic HCV infection. N Engl J Med 2014; 370:
211-221 [PMID: 24428467 DOI: 10.1056/NEJMoal306218]
Foster GR, Afdhal N, Roberts SK, Briau N, Gane EJ, Pianko S,
Lawitz E, Thompson A, Shiffman ML, Cooper C, Towner WJ,
Conway B, Ruane P, Bourliére M, Asselah T, Berg T, Zeuzem S,
Rosenberg W, Agarwal K, Stedman CA, Mo H, Dvory-Sobol H,
Han L, Wang J, McNally J, Osinusi A, Brainard DM, McHutchison
JG, Mazzotta F, Tran TT, Gordon SC, Patel K, Reau N, Mangia
A, Sulkowski M. Sofosbuvir and Velpatasvir for HCV Genotype
2 and 3 Infection. N Engl J Med 2015; 373: 2608-2617 [PMID:
26575258 DOI: 10.1056/NEJMoal512612]

Curry MP, O’Leary JG, Bzowej N, Muir AJ, Korenblat KM,
Fenkel JM, Reddy KR, Lawitz E, Flamm SL, Schiano T, Teperman
L, Fontana R, Schiff E, Fried M, Doehle B, An D, McNally
J, Osinusi A, Brainard DM, McHutchison JG, Brown RS,
Charlton M. Sofosbuvir and Velpatasvir for HCV in Patients with
Decompensated Cirrhosis. N Engl J Med 2015; 373: 2618-2628
[PMID: 26569658 DOI: 10.1056/NEJMoal512614]

Poordad F, Hezode C, Trinh R, Kowdley KV, Zeuzem S,
Agarwal K, Shiffman ML, Wedemeyer H, Berg T, Yoshida EM,
Forns X, Lovell SS, Da Silva-Tillmann B, Collins CA, Campbell
AL, Podsadecki T, Bernstein B. ABT-450/r-ombitasvir and
dasabuvir with ribavirin for hepatitis C with cirrhosis. N Engl J
Med 2014; 370: 1973-1982 [PMID: 24725237 DOI: 10.1056/
NEJMo0a1402869]

Zeuzem S, Jacobson IM, Baykal T, Marinho RT, Poordad F,
Bourliére M, Sulkowski MS, Wedemeyer H, Tam E, Desmond
P, Jensen DM, Di Bisceglie AM, Varunok P, Hassanein T, Xiong
J, Pilot-Matias T, DaSilva-Tillmann B, Larsen L, Podsadecki T,
Bernstein B. Retreatment of HCV with ABT-450/r-ombitasvir and
dasabuvir with ribavirin. N Engl J Med 2014; 370: 1604-1614
[PMID: 24720679 DOI: 10.1056/NEJMoal401561]

Lawitz E, Gane E, Pearlman B, Tam E, Ghesquiere W, Guyader
D, Alric L, Bronowicki JP, Lester L, Sievert W, Ghalib R, Balart
L, Sund F, Lagging M, Dutko F, Shaughnessy M, Hwang P, Howe
AY, Wahl J, Robertson M, Barr E, Haber B. Efficacy and safety of
12 weeks versus 18 weeks of treatment with grazoprevir (MK-5172)
and elbasvir (MK-8742) with or without ribavirin for hepatitis C
virus genotype 1 infection in previously untreated patients with
cirrhosis and patients with previous null response with or without
cirrhosis (C-WORTHY): a randomised, open-label phase 2 trial.
Lancet 2015; 385: 1075-1086 [PMID: 25467591 DOI: 10.1016/
S0140-6736(14)61795-5]

Gentile I, Scotto R, Zappulo E, Buonomo AR, Pinchera B, Borgia
G. Investigational direct-acting antivirals in hepatitis C treatment:
the latest drugs in clinical development. Expert Opin Investig
Drugs 2016; 25: 557-572 [DOI: 10.1517/13543784.2016.1161023]
Forton DM. How much of a problem is resistance in treating
hepatitis C? Curr Opin Infect Dis 2016; 29: 625-631 [PMID:
27673712]

Jiménez-Pérez M, Gonzalez-Grande R, Espaifia Contreras P,
Pinazo Martinez I, de la Cruz Lombardo J, Olmedo Martin R.
Treatment of chronic hepatitis C with direct-acting antivirals: The
role of resistance. World J Gastroenterol 2016; 22: 6573-6581
[PMID: 27547001 DOI: 10.3748 wjg.v22.i29.6573]

Righi E, Londero A, Carnelutti A, Baccarani U, Bassetti M. Impact
of new treatment options for hepatitis C virus infection in liver
transplantation. World J Gastroenterol 2015; 21: 10760-10775
[PMID: 26478668 DOI: 10.3748/wjg.v21.i138.10760]

Szabo SM, Samp JC, Walker DR, Lane S, Cline SK, Gooch KL,
Jimenez-Mendez R, Levy AR. Liver-specific case fatality due
to chronic hepatitis C virus infection: a systematic review. Ann
Hepatol 2015; 14: 618-630 [PMID: 26256890]

Xu F, Moorman AC, Tong X, Gordon SC, Rupp LB, Lu M,
Teshale EH, Spradling PR, Boscarino JA, Trinacty CM, Schmidt
MA, Holmberg SD. All-Cause Mortality and Progression Risks to
Hepatic Decompensation and Hepatocellular Carcinoma in Patients
Infected With Hepatitis C Virus. Clin Infect Dis 2016; 62: 289-297
[PMID: 26417034 DOI: 10.1093/cid/civ860]

March 8,2017 | Volume 9 | Issue 7 |



36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

JBaishideng®

Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

El-Serag HB, Mason AC. Rising incidence of hepatocellular
carcinoma in the United States. N Engl J Med 1999; 340: 745-750
[PMID: 10072408 DOI: 10.1056/NEJM199903113401001]

Kao JH, Chen DS. Changing disease burden of hepatocellular
carcinoma in the Far East and Southeast Asia. Liver Int 2005; 25:
696-703 [PMID: 15998418 DOI: 10.1111/j.1478-3231.2005.01139.x]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]

Szabé E, Lotz G, Paska C, Kiss A, Schaff Z. Viral hepatitis: new
data on hepatitis C infection. Pathol Oncol Res 2003; 9: 215-221
[PMID: 14688826 DOI: 10.1007/BF02893380]

Adam R, Karam V, Delvart V, O’Grady J, Mirza D, Klempnauer
J, Castaing D, Neuhaus P, Jamieson N, Salizzoni M, Pollard S,
Lerut J, Paul A, Garcia-Valdecasas JC, Rodriguez FS, Burroughs
A. Evolution of indications and results of liver transplantation in
Europe. A report from the European Liver Transplant Registry
(ELTR). J Hepatol 2012; 57: 675-688 [PMID: 22609307 DOI:
10.1016/j.jhep.2012.04.015]

Veldt BJ, Saracco G, Boyer N, Camma C, Bellobuono A, Hopf U,
Castillo I, Weiland O, Nevens F, Hansen BE, Schalm SW. Long
term clinical outcome of chronic hepatitis C patients with sustained
virological response to interferon monotherapy. Gut 2004; 53:
1504-1508 [PMID: 15361504 DOI: 10.1136/gut.2003.038257]
Maruoka D, Imazeki F, Arai M, Kanda T, Fujiwara K, Yokosuka
O. Long-term cohort study of chronic hepatitis C according to
interferon efficacy. J Gastroenterol Hepatol 2012; 27: 291-299
[PMID: 21793911 DOI: 10.1111/7.1440-1746.2011.06871.x]

Hill A. Effects of Sustained Virological Response on the risk of
liver transplant, hepatocellular carcinoma, death and re-infection:
meta-analysis of 129 studies in 34563 patients with Hepatitis C
infection. 65th Annual Meeting of the American Association for
the Study of Liver Diseases AASLD. Boston, MA, USA, 2014 Nov
7-11

Cardoso AC, Moucari R, Figueiredo-Mendes C, Ripault MP,
Giuily N, Castelnau C, Boyer N, Asselah T, Martinot-Peignoux
M, Maylin S, Carvalho-Filho RJ, Valla D, Bedossa P, Marcellin
P. Impact of peginterferon and ribavirin therapy on hepatocellular
carcinoma: incidence and survival in hepatitis C patients with
advanced fibrosis. J Hepatol 2010; 52: 652-657 [PMID: 20346533
DOI: 10.1016/j.jhep.2009.12.028]

Iacobellis A, Siciliano M, Perri F, Annicchiarico BE, Leandro G,
Caruso N, Accadia L, Bombardieri G, Andriulli A. Peginterferon
alfa-2b and ribavirin in patients with hepatitis C virus and decom-
pensated cirrhosis: a controlled study. J Hepatol 2007; 46: 206-212
[PMID: 17125876]

Tada T, Kumada T, Toyoda H, Kiriyama S, Tanikawa M, Hisanaga
Y, Kanamori A, Kitabatake S, Yama T, Tanaka J. Viral eradication
reduces all-cause mortality in patients with chronic hepatitis C
virus infection: a propensity score analysis. Liver Int 2016; 36:
817-826 [PMID: 26787002 DOI: 10.1111/1iv.13071]

Veldt BJ, Heathcote EJ, Wedemeyer H, Reichen J, Hofmann WP,
Zeuzem S, Manns MP, Hansen BE, Schalm SW, Janssen HL.
Sustained virologic response and clinical outcomes in patients with
chronic hepatitis C and advanced fibrosis. Ann Intern Med 2007;
147: 677-684 [PMID: 18025443]

van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour JF,
Lammert F, Duarte-Rojo A, Heathcote EJ, Manns MP, Kuske L,
Zeuzem S, Hofmann WP, de Knegt RJ, Hansen BE, Janssen HL.
Association between sustained virological response and all-cause
mortality among patients with chronic hepatitis C and advanced
hepatic fibrosis. JAMA 2012; 308: 2584-2593 [PMID: 23268517
DOI: 10.1001/jama.2012.144878]

Bruno S, Di Marco V, lavarone M, Roffi L, Crosignani A,
Calvaruso V, Aghemo A, Cabibbo G, Vigano M, Boccaccio V, Craxi
A, Colombo M, Maisonneuve P. Survival of patients with HCV
cirrhosis and sustained virologic response is similar to the general
population. J Hepatol 2016; 64: 1217-1223 [PMID: 27059129 DOI:
10.1016/j.jhep.2016.01.034]

Sun M, Kisseleva T. Reversibility of liver fibrosis. Clin Res Hepatol
Gastroenterol 2015; 39 Suppl 1: S60-S63 [PMID: 26206574 DOI:

WJH | www.wjgnet.com

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

10.1016/j.clinre.2015.06.015]

Iredale JP. Hepatic stellate cell behavior during resolution of liver
injury. Semin Liver Dis 2001; 21: 427-436 [PMID: 11586470]
D’Ambrosio R, Aghemo A, Rumi MG, Ronchi G, Donato MF,
Paradis V, Colombo M, Bedossa P. A morphometric and immuno-
histochemical study to assess the benefit of a sustained virological
response in hepatitis C virus patients with cirrhosis. Hepatology
2012; 56: 532-543 [PMID: 22271347 DOI: 10.1002/hep.25606]
Mallet V, Gilgenkrantz H, Serpaggi J, Verkarre V, Vallet-Pichard
A, Fontaine H, Pol S. Brief communication: the relationship of
regression of cirrhosis to outcome in chronic hepatitis C. Ann
Intern Med 2008; 149: 399-403 [PMID: 18794559]

Poynard T, McHutchison J, Manns M, Trepo C, Lindsay K,
Goodman Z, Ling MH, Albrecht J. Impact of pegylated interferon
alfa-2b and ribavirin on liver fibrosis in patients with chronic hepatitis
C. Gastroenterology 2002; 122: 1303-1313 [PMID: 11984517]
Bruno S, Boccaccio V, Russo ML, Maisonneuve P. Is the benefit
of treating patients with cirrhosis proven? Liver Int 2016; 36 Suppl
1: 21-27 [PMID: 26725893 DOI: 10.1111/1iv.13013]

Reichard O, Glaumann H, Frydén A, Norkrans G, Wejstal R,
Weiland O. Long-term follow-up of chronic hepatitis C patients
with sustained virological response to alpha-interferon. J Hepatol
1999; 30: 783-787 [PMID: 10365802]

Arif A, Levine RA, Sanderson SO, Bank L, Velu RP, Shah A,
Mahl TC, Gregory DH. Regression of fibrosis in chronic hepatitis
C after therapy with interferon and ribavirin. Dig Dis Sci 2003; 48:
1425-1430 [PMID: 12870807]

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,
Hoffmann J, Di Bisceglie AM. Clinical, virologic, histologic, and
biochemical outcomes after successful HCV therapy: a 5-year
follow-up of 150 patients. Hepatology 2009; 49: 729-738 [PMID:
19072828 DOI: 10.1002/hep.22694]

Poynard T, Imbert-Bismut F, Ratziu V, Chevret S, Jardel C,
Moussalli J, Messous D, Degos F. Biochemical markers of liver
fibrosis in patients infected by hepatitis C virus: longitudinal
validation in a randomized trial. J Viral Hepat 2002; 9: 128-133
[PMID: 11876795]

Shiratori Y, Imazeki F, Moriyama M, Yano M, Arakawa Y,
Yokosuka O, Kuroki T, Nishiguchi S, Sata M, Yamada G, Fujiyama
S, Yoshida H, Omata M. Histologic improvement of fibrosis in
patients with hepatitis C who have sustained response to interferon
therapy. Ann Intern Med 2000; 132: 517-524 [PMID: 10744587]
Pol S, Carnot F, Nalpas B, Lagneau JL, Fontaine H, Serpaggi J,
Serfaty L, Bedossa P, Bréchot C. Reversibility of hepatitis C virus-
related cirrhosis. Hum Pathol 2004; 35: 107-112 [PMID: 14745732]
Maylin S, Martinot-Peignoux M, Moucari R, Boyer N, Ripault
MP, Cazals-Hatem D, Giuily N, Castelnau C, Cardoso AC, Asselah
T, Féray C, Nicolas-Chanoine MH, Bedossa P, Marcellin P.
Eradication of hepatitis C virus in patients successfully treated for
chronic hepatitis C. Gastroenterology 2008; 135: 821-829 [PMID:
18593587 DOI: 10.1053/j.gastro.2008.05.044]

Wanless IR, Nakashima E, Sherman M. Regression of human
cirrhosis. Morphologic features and the genesis of incomplete septal
cirrhosis. Arch Pathol Lab Med 2000; 124: 1599-1607 [PMID:
11079009]

Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M,
Inoue O, Yano M, Tanaka M, Fujiyama S, Nishiguchi S, Kuroki
T, Imazeki F, Yokosuka O, Kinoyama S, Yamada G, Omata M.
Interferon therapy reduces the risk for hepatocellular carcinoma:
national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. IHIT Study Group. Inhibition
of Hepatocarcinogenesis by Interferon Therapy. Ann Intern Med
1999; 131: 174-181 [PMID: 10428733]

Yang JD, Roberts LR. Hepatocellular carcinoma: A global
view. Nat Rev Gastroenterol Hepatol 2010; 7: 448-458 [PMID:
20628345 DOLI: 10.1038/nrgastro.2010.100]

Lemon SM, McGivern DR. Is hepatitis C virus carcinogenic?
Gastroenterology 2012; 142: 1274-1278 [PMID: 22537433 DOI:
10.1053/j.gastro.2012.01.045]

Nishiguchi S, Kuroki T, Nakatani S, Morimoto H, Takeda T,
Nakajima S, Shiomi S, Seki S, Kobayashi K, Otani S. Randomised

March 8,2017 | Volume 9 | Issue 7 |



68

69

70

71

72

73

74

75

76

71

78

79

80

JRaishideng®

Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

trial of effects of interferon-alpha on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis. Lancet
1995; 346: 1051-1055 [PMID: 7564784]

Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y.
Eradication of hepatitis C virus infection and the development of
hepatocellular carcinoma: a meta-analysis of observational studies.
Ann Intern Med 2013; 158: 329-337 [PMID: 23460056 DOI:
10.7326/0003-4819-158-5-201303050-00005]

Kanogawa N, Ogasawara S, Chiba T, Saito T, Motoyama T, Suzuki
E, Ooka Y, Tawada A, Kanda T, Mikami S, Azemoto R, Kaiho T,
Shinozaki M, Ohtsuka M, Miyazaki M, Yokosuka O. Sustained
virologic response achieved after curative treatment of hepatitis C
virus-related hepatocellular carcinoma as an independent prognostic
factor. J Gastroenterol Hepatol 2015; 30: 1197-1204 [PMID:
25682720 DOI: 10.1111/jgh.12925]

Mazzaferro V, Romito R, Schiavo M, Mariani L, Camerini
T, Bhoori S, Capussotti L, Calise F, Pellicci R, Belli G, Tagger
A, Colombo M, Bonino F, Majno P, Llovet JM. Prevention of
hepatocellular carcinoma recurrence with alpha-interferon after
liver resection in HCV cirrhosis. Hepatology 2006; 44: 1543-1554
[PMID: 17133492 DOI: 10.1002/hep.21415]

Zhang W, Song TQ, Zhang T, Wu Q, Kong DL, Li Q, Sun HC.
Adjuvant interferon for early or late recurrence of hepatocellular
carcinoma and mortality from hepatocellular carcinoma following
curative treatment: A meta-analysis with comparison of different
types of hepatitis. Mol Clin Oncol 2014; 2: 1125-1134 [PMID:
25279210 DOLI: 10.3892/mc0.2014.386]

Saito T, Chiba T, Suzuki E, Shinozaki M, Goto N, Kanogawa N,
Motoyama T, Ogasawara S, Ooka Y, Tawada A, Kanda T, Miyazaki
M, Yokosuka O. Effect of previous interferon-based therapy on
recurrence after curative treatment of hepatitis C virus-related
hepatocellular carcinoma. Int J Med Sci 2014; 11: 707-712 [PMID:
24843320 DOLI: 10.7150/ijms.8764]

George PM, Badiger R, Alazawi W, Foster GR, Mitchell JA.
Pharmacology and therapeutic potential of interferons. Pharmacol
Ther 2012; 135: 44-53 [PMID: 22484806 DOI: 10.1016/j.pharmth
era.2012.03.006]

Lee D, Chung YH, Kim JA, Park WH, Jin YJ, Shim JH, Ryu
SH, Jang MK, Yu E, Lee YJ. Safety and efficacy of adjuvant
pegylated interferon therapy for metastatic tumor antigen 1-positive
hepatocellular carcinoma. Cancer 2013; 119: 2239-2246 [PMID:
23564564 DOLI: 10.1002/cncr.28082]

Meissner EG, Wu D, Osinusi A, Bon D, Virtaneva K, Sturdevant
D, Porcella S, Wang H, Herrmann E, McHutchison J, Suffredini
AF, Polis M, Hewitt S, Prokunina-Olsson L, Masur H, Fauci AS,
Kottilil S. Endogenous intrahepatic IFNs and association with IFN-
free HCV treatment outcome. J Clin Invest 2014; 124: 3352-3363
[PMID: 24983321 DOI: 10.1172/JCI75938]

Serti E, Chepa-Lotrea X, Kim YJ, Keane M, Fryzek N, Liang
TJ, Ghany M, Rehermann B. Successful Interferon-Free Therapy
of Chronic Hepatitis C Virus Infection Normalizes Natural Killer
Cell Function. Gastroenterology 2015; 149: 190-200.e2 [PMID:
25754160 DOI: 10.1053/j.gastro.2015.03.004]

Toyoda H, Kumada T, Tada T, Kiriyama S, Tanikawa M, Hisanaga
Y, Kanamori A, Kitabatake S, Ito T. Risk factors of hepatocellular
carcinoma development in non-cirrhotic patients with sustained
virologic response for chronic hepatitis C virus infection. J Gastro-
enterol Hepatol 2015; 30: 1183-1189 [PMID: 25678094 DOI:
10.1111/jgh.12915]

Arase Y, Kobayashi M, Suzuki F, Suzuki Y, Kawamura Y, Akuta
N, Kobayashi M, Sezaki H, Saito S, Hosaka T, Ikeda K, Kumada
H, Kobayashi T. Effect of type 2 diabetes on risk for malignancies
includes hepatocellular carcinoma in chronic hepatitis C.
Hepatology 2013; 57: 964-973 [PMID: 22991257 DOI: 10.1002/
hep.26087]

Matsumura H, Nirei K, Nakamura H, Higuchi T, Arakawa Y,
Ogawa M, Tanaka N, Moriyama M. Histopathology of type C
liver disease for determining hepatocellular carcinoma risk factors.
World J Gastroenterol 2013; 19: 4887-4896 [PMID: 23946593
DOI: 10.3748/wjg.v19.130.4887]

Reig M, Marifio Z, Perell6 C, Ifiarrairacgui M, Ribeiro A, Lens

WJH | www.wjgnet.com

81

82

83

84

85

86

87

88

89

90

91

92

93

S, Diaz A, Vilana R, Darnell A, Varela M, Sangro B, Calleja JL,
Forns X, Bruix J. Unexpected high rate of early tumor recurrence
in patients with HCV-related HCC undergoing interferon-free
therapy. J Hepatol 2016; 65: 719-726 [PMID: 27084592 DOI:
10.1016/j.jhep.2016.04.008]

Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Caraceni P,
Foschi FG, Lenzi M, Mazzella G, Verucchi G, Andreone P, Brillanti S.
Early occurrence and recurrence of hepatocellular carcinoma in HCV-
related cirrhosis treated with direct-acting antivirals. J Hepatol 2016;
65: 727-733 [PMID: 27349488 DOI: 10.1016/j.jhep.2016.06.015]
Yang JD, Agel BA, Pungpapong S, Gores GJ, Roberts LR, Leise
MD. Direct acting antiviral therapy and tumor recurrence after liver
transplantation for hepatitis C-associated hepatocellular carcinoma.
J Hepatol 2016; 65: 859-860 [PMID: 27392425 DOI: 10.1016/
j.jhep.2016.06.023]

ANRS collaborative study group on hepatocellular carcinoma
(ANRS CO22 HEPATHER, CO12 CirVir and CO23 CUPILT
cohorts). Lack of evidence of an effect of direct-acting antivirals
on the recurrence of hepatocellular carcinoma: Data from three
ANRS cohorts. J Hepatol 2016; 65: 734-740 [PMID: 27288051
DOLI: 10.1016/j.jhep.2016.05.045]

Cheung MC, Walker AJ, Hudson BE, Verma S, McLauchlan J,
Mutimer DJ, Brown A, Gelson WT, MacDonald DC, Agarwal
K, Foster GR, Irving WL. Outcomes after successful direct-
acting antiviral therapy for patients with chronic hepatitis C and
decompensated cirrhosis. J Hepatol 2016; 65: 741-747 [PMID:
27388925 DOI: 10.1016/j.jhep.2016.06.019]

Yang JD, Larson JJ, Watt KD, Allen AM, Wiesner RH, Gores GJ,
Roberts LR, Heimbach JA, Leise MD. Hepatocellular Carcinoma
is the Most Common Indication for Liver Transplantation and
Placement on the Waitlist in the United States. Clin Gastroenterol
Hepatol 2016; Epub ahead of print [PMID: 28013117 DOI: 10.1016/
j.cgh.2016.11.034]

Kozbial K, Moser S, Schwarzer R, Lafer] H, Al-Zoairy R, Stauber R,
Stittermayer AF, Beinhardt S, Graziadei I, Freissmuth C, Maieron
A, Gschwantler M, Strasser M, Peck-Radosalvjevic M, Trauner M,
Hofer H, Ferenci P.Unexpected high incidence of hepatocellular
carcinoma in cirrhotic patients with sustained virologic response
following interferon-free direct-acting antiviral treatment. J Hepatol
2016; 65: 856-858

Cardoso H, Vale AM, Rodrigues S, Gongalves R, Albuquerque
A, Pereira P, Lopes S, Silva M, Andrade P, Morais R, Coelho R,
Macedo G. High incidence of hepatocellular carcinoma following
successful interferon-free antiviral therapy for hepatitis C
associated cirrhosis. J Hepatol 2016; 65: 1070-1071

Llovet JM, Villanueva A. Liver cancer: Effect of HCV clearance
with direct-acting antiviral agents on HCC. Nat Rev Gastroenterol
Hepatol 2016; 13: 561-562 [PMID: 27580683 DOI: 10.1038/
nrgastro.2016.140]

Berenguer M. Natural history of recurrent hepatitis C. Liver
Transpl 2002; 8: S14-S18 [PMID: 12362293 DOI: 10.1053/jlts.
2002.35781]

Berenguer M, Pricto M, San Juan F, Rayon JM, Martinez F,
Carrasco D, Moya A, Orbis F, Mir J, Berenguer J. Contribution of
donor age to the recent decrease in patient survival among HCV-
infected liver transplant recipients. Hepatology 2002; 36: 202-210
[PMID: 12085366 DOI: 10.1053/jhep.2002.33993]

Ponziani FR, Gasbarrini A, Pompili M, Burra P, Fagiuoli S.
Management of hepatitis C virus infection recurrence after liver
transplantation: an overview. Transplant Proc 2011; 43: 291-295
[PMID: 21335208 DOI: 10.1016/j.transproceed.2010.09.102]
Ponziani FR, Milani A, Gasbarrini A, Zaccaria R, Vigano R,
Iemmolo RM, Donato MF, Rendina M, Toniutto P, Pasulo L,
Cescon M, Burra P, Miglioresi L, Merli M, Paolo DD, Fagiuoli S,
Pompili M. AISF RECOLT C- Group. Treatment of genotype-1
hepatitis C recurrence after liver transplant improves surivival in
both sustained responders and relapsers. Transplant Int 2013; 26:
281-289 [PMID: 23230956 DOI: 10.1111/tri.12027]

Hiising A, Kabar I, Schmidt HH, Heinzow HS. Hepatitis C in
Special Patient Cohorts: New Opportunities in Decompensated
Liver Cirrhosis, End-Stage Renal Disease and Transplant

March 8,2017 | Volume 9 | Issue 7 |



94

95

96

97

98

99

100

101

102

103

JRaishideng®

Ponziani FR et a/. Direct acting antivirals for the treatment of hepatitis C

Medicine. Int J Mol Sci 2015; 16: 18033-18053 [PMID: 26251895
DOI: 10.3390/ijms160818033]

Chen T, Terrault NA. Perspectives on treating hepatitis C
infection in the liver transplantation setting. Curr Opin Organ
Transplant 2016; 21: 111-119 [PMID: 26927201 DOI: 10.1097/
MOT.0000000000000288]

Curry MP, Forns X, Chung RT, Terrault NA, Brown R, Fenkel
IM, Gordon F, O’Leary J, Kuo A, Schiano T, Everson G, Schiff E,
Befeler A, Gane E, Saab S, McHutchison JG, Subramanian GM,
Symonds WT, Denning J, McNair L, Arterburn S, Svarovskaia E,
Moonka D, Afdhal N. Sofosbuvir and ribavirin prevent recurrence
of HCV infection after liver transplantation: an open-label study.
Gastroenterology 2015; 148: 100-107.el [PMID: 25261839 DOI:
10.1053/j.gastro.2014.09.023]

Donato MF, Monico S, Malinverno F, Aghemo A, Maggioni M,
Reggiani P, Colombo M. Bridging all oral DAA therapy from wait
time to post-liver transplant to improve HCV eradication? Liver Int
2015; 35: 1-4 [PMID: 25074044 DOI: 10.1111/1iv.12646]

Belli LS, Berenguer M, Cortesi PA, Strazzabosco M, Rockenschaub
SR, Martini S, Morelli C, Donato F, Volpes R, Pageaux GP, Coilly
A, Fagiuoli S, Amaddeo G, Perricone G, Vinaixa C, Berlakovich
G, Facchetti R, Polak W, Muiesan P, Duvoux C. Delisting of
liver transplant candidates with chronic hepatitis C after viral
eradication: A European study. J Hepatol 2016; 65: 524-531 [PMID:
27212241 DOI: 10.1016/j.jhep.2016.05.010]

Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown
RS, Fried MW, Terrault NA, O’Leary JG, Vargas HE, Kuo A,
Schiff E, Sulkowski MS, Gilroy R, Watt KD, Brown K, Kwo P,
Pungpapong S, Korenblat KM, Muir AJ, Teperman L, Fontana RJ,
Denning J, Arterburn S, Dvory-Sobol H, Brandt-Sarif T, Pang PS,
McHutchison JG, Reddy KR, Afdhal N. Ledipasvir and Sofosbuvir
Plus Ribavirin for Treatment of HCV Infection in Patients With
Advanced Liver Disease. Gastroenterology 2015; 149: 649-659
[PMID: 25985734 DOI: 10.1053/j.gastr0.2015.05.010]

Jacobson 1. Efficacy and safety of grazoprevir and elbasvir in
hepatitis C genotype 1-infected patients with Child-Pugh class
B cirrhosis (CSALT part A). J Hepatol 2015; 62 (Suppl 2):
S193-S194

Poordad F, Schiff ER, Vierling JM, Landis C, Fontana RJ, Yang
R, McPhee F, Hughes EA, Noviello S, Swenson ES. Daclatasvir
with sofosbuvir and ribavirin for hepatitis C virus infection
with advanced cirrhosis or post-liver transplantation recurrence.
Hepatology 2016; 63: 1493-1505 [PMID: 26754432 DOI: 10.1002/
hep.28446]

Manns M, Samuel D, Gane EJ, Mutimer D, McCaughan G, Buti M,
Prieto M, Calleja JL, Peck-Radosavljevic M, Miillhaupt B, Agarwal
K, Angus P, Yoshida EM, Colombo M, Rizzetto M, Dvory-Sobol
H, Denning J, Arterburn S, Pang PS, Brainard D, McHutchison JG,
Dufour JF, Van Vlierberghe H, van Hoek B, Forns X. Ledipasvir
and sofosbuvir plus ribavirin in patients with genotype 1 or 4
hepatitis C virus infection and advanced liver disease: a multicentre,
open-label, randomised, phase 2 trial. Lancet Infect Dis 2016; 16:
685-697 [PMID: 26907736 DOI: 10.1016/S1473-3099(16)00052-9]
Lawitz E. SVRI12 results from the Phase II, open-label IMPACT
study of simeprevir in combination with daclatasvir and sofosbuvir
in treatment- naive and -experienced patients with chronic HCV
genotype 1/4 infection and decompensated liver disease. J Hepatol
2015; 62 (Suppl 1): 227A

Aquel BA, Pungpapong S, Leise M, Werner KT, Chervenak
AE, Watt KD, Murphy JL, Ryland K, Keaveny AP, McLemore
R, Vargas HE. Multicenter experience using simeprevir and
sofosbuvir with or without ribavirin to treat hepatitis C genotype 1

WJH | www.wjgnet.com

104

105

106

107

108

109

110

111

112

113

114

115

367

in patients with cirrhosis. Hepatology 2015; 62: 1004-1012 [PMID:
26096332 DOI: 10.1002/hep.27937]
Saxena V, Nyberg L, Pauly M, Dasgupta A, Nyberg A, Piasecki
B, Winston B, Redd J, Ready J, Terrault NA. Safety and efficacy
of simeprevir/sofosbuvir in hepatitis C- infected patients with
compesansated and decompensated cirrhosis. Hepatology 2015;
62: 715-725 [PMID: 26033798 DOI: 10.1002/hep.27922]
McCaughan G. The TOSCAR study: sofosbuvir and daclatasvir
therapy for decompensated HCV cirrhosis with MELD scores >15:
what is the point of no return? J Hepatol 2015; 62 (Suppl 1): 738A
Gray E, O’Leary A, Stewart S, Bergin C, Cannon M, Courtney
G, Crosbie O, De Gascun CF, Fanning LJ, Feeney E, Houlihan
DD, Kelleher B, Lambert JS, Lee J, Mallon P, McConkey S,
McCormick A, McKiernan S, McNally C, Murray F, Sheehan G,
Norris S. High mortality during direct acting antiviral therapy for
hepatitis C patients with Child’s C cirrhosis: Results of the Irish
Early Access Programme. J Hepatol 2016; 65: 446-448 [PMID:
27130842 DOI: 10.1016/j.jhep.2016.03.022]
Munoz S. Curing decompensated wait-listed HCV patients with
the new DAAs: Potential Significant impact on liver transplant wait
list and organ allocation. 66th Annual Meeting of the American
Association for the Study of Liver Diseases AASLD. San Francisco,
USA, 2015 Nov 13-17
Coilly A, Samuel D. Pros and Cons: Usage of organs from donors
infected with hepatitis C virus - Revision in the direct-acting
antiviral era. J Hepatol 2016; 64: 226-231 [PMID: 26375245 DOI:
10.1016/j.jhep.2015.09.002]
Perumpail RB, Hahambis TA, Aggarwal A, Younossi ZM,
Ahmed A. Treatment strategies for chronic hepatitis C prior to and
following liver transplantation. World J Hepatol 2016; 8: 69-73
[PMID: 26783422 DOI: 10.4254/wjh.v8.i11.69]
Patwardhan VR, Curry MP. Reappraisal of the hepatitis C virus-
positive donor in solid organ transplantation. Curr Opin Organ
Transplant 2015; 20: 267-275 [PMID: 25944236 DOI: 10.1097/
MOT.0000000000000191]
Brown RS, O’Leary JG, Reddy KR, Kuo A, Morelli GJ, Burton
JR, Stravitz RT, Durand C, Di Bisceglie AM, Kwo P, Frenette CT,
Stewart TG, Nelson DR, Fried MW, Terrault NA. Interferon-free
therapy for genotype 1 hepatitis C in liver transplant recipients:
Real-world experience from the hepatitis C therapeutic registry and
research network. Liver Transpl 2016; 22: 24-33 [PMID: 26519873
DOLI: 10.1002/1t.24366]
Reddy KR. Ledipasvir/Sofosbuvir With Ribavirin for the Treatment
of HCV in Patients With Post- Transplant Recurrence: Preliminary
Results of a Prospective, Multicenter Study. 65th Annual Meeting of
the American Association for the Study of Liver Disease AASLD.
Boston, MA, USA, 2014 Nov 7-11
Sievert W, Razavi H, Estes C, Thompson AJ, Zekry A, Roberts
SK, Dore GJ. Enhanced antiviral treatment efficacy and uptake in
preventing the rising burden of hepatitis C-related liver disease and
costs in Australia. J Gastroenterol Hepatol 2014; 29 Suppl 1: 1-9
[PMID: 25055928 DOI: 10.1111/jgh.12677]
Deuffic-Burban S, Mathurin P, Rosa I, Bouvier AM, Cannesson
A, Mourad A, Canva V, Louvet A, Deltenre P, Boleslawski E,
Truant S, Pruvot FR, Dharancy S. Impact of emerging hepatitis C
virus treatments on future needs for liver transplantation in France:
a modelling approach. Dig Liver Dis 2014; 46: 157-163 [PMID:
24119483 DOI: 10.1016/j.d1d.2013.08.137]
Kabiri M, Jazwinski AB, Roberts MS, Schaefer AJ, Chhatwal J.
The changing burden of hepatitis C virus infection in the United
States: model-based predictions. Ann Intern Med 2014; 161:
170-180 [PMID: 25089861 DOI: 10.7326/M14-0095]

P- Reviewer: Bourgoin SG, Pekgoz M, Wang K, Wang L, Yang SS
S- Editor: QiY L- Editor: Filipodia E- Editor: Li D

March 8,2017 | Volume 9 | Issue 7 |



w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/

DOI: 10.4254 /wjh.v9.i7.368

World ] Hepatol 2017 March 8; 9(7): 368-384

© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Basic Study

Characterization of a new monoclonal anti-glypican-3
antibody specific to the hepatocellular carcinoma cell line,
HepG2

Preeyanat Vongchan, Robert J Linhardt

Preeyanat Vongchan, Department of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai University,
Chiang Mai 50200, Thailand

Robert J Linhardt, Rensselaer Polytechnic Institute, Departments
of Chemistry, Biology, Chemical and Biomedical Engineering,
Troy, NY 12180, United States

Author contributions: Vongchan P (primary investigator)
performed research, analyzed the data and prepared manuscript;
Linhardt RJ contributed reagents and analytical tools, and revised
manuscript.

Supported by National Research Council of Thailand (NRCT),
No. 2559A10402115.

Institutional review board statement: Not available.

Institutional animal care and use committee statement: Not
available.

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest.

Data sharing statement: No additional are available.

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

Manuscript source: Invited manuscript

Correspondence to: Preeyanat Vongchan, PhD, Department
of Medical Technology, Faculty of Associated Medical Sciences,
Chiang Mai University, 239 Huay Kaew Road, Muang District,
Chiang Mai 50200, Thailand. preeyanat.v@cmu.ac.th

WJH | www.wjgnet.com

JRaishideng®

Telephone: +66-53-945080
Fax: +66-53-946042

Received: November 21, 2016
Peer-review started: November 23, 2016
First decision: December 15, 2016
Revised: December 19, 2016

Accepted: January 11,2017

Article in press: January 14,2017
Published online: March 8, 2017

Absiract

AIM

To characterize the antigen on HepG2 cell that is
specifically recognized by a new monoclonal antibody
raised against human liver heparan sulfate proteoglycan
(HSPG), clone 1E4-1D9.

METHODS

The antigen recognized by mAb 1E4-1D9 was immu-
noprecipitated and its amino acid sequence was analyzed
LC/MS. The transmembrane domain, number of cysteine
residues, and glycosylation sites were predicted from
these entire sequences. Data from amino acid analysis
was aligned with glypican-3 (https://www.ebi.ac.uk/
Tools/msa/clustalo/). The competitive reaction of mAb
1E4-1D9 and anti-glypican-3 on HepG2 cells was demon-
strated by indirect immunofluorescence and analyzed by
flow cytometry. Moreover, co-immunoprecipitation of mAb
1E4-1D9 and anti-glypican-3 was performed in HepG2
cells by Western immunoblotting. The recognition by
mAb 1E4-1D9 of a specific epitope on solid tumor and
hematopoietic cell lines was studied using indirect immu-
nofluorescence and analyzed by flow cytometry.

RESULTS

Monoclonal antibody 1E4-1D9 reacted with an HSPG
isolated from human liver and a band of 67 kD was

March 8,2017 | Volume 9 | Issue 7 |



Vongchan P et a/. New monoclonal anti-glypican-3 was developed and characterized

detected under both reducing and non-reducing
conditions. The specific antigen pulled down by mAb
1E4-1D9, having a MW of 135 kD, was analyzed. The
results showed two sequences of interest, gi30722350
(1478 amino acid) and gi60219551 (1378 amino acid).
In both sequences no transmembrane regions were
observed. Sequence number gi30722350 was 99.7%
showed a match to FYCO1, a molecule involved in
induction of autophagy. Sequence number gi60219551
contained 15 cysteines and 11 putative glycosylation
sites with 6 predicted N-glycosylation sites. It was also
matched with all PDZ domain proteins. Moreover, it
showed an 85.7% match to glypican-3. Glypican-3
on HepG2 cells competitively reacted with both
phycoerythrin-conjugated anti-glypican-3 and mAb 1E4-
1C2 and resulted in an increase of double-stained cell
population when higher concentration of mAb 1E4-
1D9 was used. Moreover, antigens precipitated from
HepG2 cell by anti-glypican-3 could be detected by mAb
1E4-1D9 and vice versa. The recognition of antigens,
on other solid tumor cell lines, by mAb 1E4-1D9 was
studied. The results demonstrated that mAb 1E4-
1D9 reacted with Huh7, HepG2, HT29, MCF7, SW620,
Caco2, B16F1, U937, K562 and Molt4 cells. It was also
found to be weakly positive to SW1353 and HL60 and
negative to H460 and Hela cell lines.

CONCLUSION

All findings show that mAb 1E4-1D9 specifically recog-
nizes glypican-3. Moreover, a new partner molecule
of glypican-3, FYCOL1 is proposed based on the results
from co-precipitation studies.

Key words: Monoclonal anti-glypican-3; Hepatocellular
carcinoma; HepG2; Heparan sulfate proteoglycan; Co-
immunoprecipitation
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Core tip: Heparan sulfate proteoglycan (HSPG) was
isolated from human liver. Preliminary results showed
that it was detected by rabbit anti-glypican. Monoclonal
antibody, 1E4-1D9 was raised against human liver HSPG
and its specific antigen was characterized. Amino acid
sequence analysis revealed that the antigen recognized
by mAb 1E4-1D9 specific molecule contained no trans-
membrane region. It has 15 cysteines and 11 putative
glycosylation sites and 6 predicted N-glycosylation sites.
The sequence matched to all PDZ domain proteins
with an 85.6% match to glypican-3. Studies of co-ex-
pression and co-precipitation demonstrated that mAb
1E4-1D9 could compete with anti-glypican-3. It could
also react with a various tumor cell lines including solid
and hematopoietic cells. The findings suggested that
the antigen recognized by 1E4-1D9 was glypican-3.
Moreover, findings revealed that FYCO1 co-precipitated
with glypican-3 using mAb 1E4-1D9, suggesting that
FYCOL1 is a partner molecule of glypican-3.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and the third most common cause of
cancer-related deaths™?. The majority of these cases
occur in Asia and Africa. However, the incidence has also
been rising in the developed world. Among liver cancer
cases, 80% are HCC, which does not respond well to
chemotherapy'®. Early detection is difficult and there are
poor outcomes to aggressive therapies'?!. Thus, early
detection of HCC is a key goal in improving this poor
prognosis. In addition, identification of novel molecular
targets for development of diagnostic and therapeutic
approaches remains of great interest. Glypican-3 is highly
expressed in HCC and recently has been suggested
as a good diagnostic marker for HCC®®**., In addition
to effective early diagnosis, drugs targeting different
mechanisms of action involving glypican-3 targeted
antibody therapy are addressed™. To date, several
clones of monoclonal antibodies specific to glypican-3
have been described®®'**], These have not only been
used as research tools and in diagnostic development,
but some have been developed for preparing potential
agents for HCC immunotherapy™’>". Moreover, silencing
of glypican-3 was recently reported to induce apoptosis
in HCC cell lines®®?. Thus, glypican-3 has great promise
as an excellent molecular target for the diagnosis and
therapy of HCC.

Glypican is a family of heparan sulfate proteoglycans
(HSPGs) that are expressed on the extracellular mem-
brane as a glycosylphosphatidylinositol (GPI)-anchored
proteoglycan. These HSPGs regulate cellular signaling
during morphogenesis, adult physiology and carcinogenesis
by interaction with a multitude of extracellular matrix
molecules including chemokines, growth factors or mor-
phogens and their receptorsi®?!, Glypican is expressed in
cell-, tissue- and development-specific patterns. Among
the six members of the glypican family, glypican-3 has
been studied most extensively™??%%",

Since glypican-3 is an HSPG, it typically contains a
heparan sulfate glycosaminoglycan chain (GAG), but in
some instances a chondroitin sulfate (GAG) can also be
found on glypican-3*'. GAG chains carry negative charge,
allowing glypican-3 to interact with basic growth factors
and morphogens in the extracellular space. Glypican-3
has a 70-kD core protein which can be cleaved by furin
generating two fragments of 40-kD N-terminal and
30-kD C-terminal®®”. The GPI anchor linking glypican-3
to the membrane can be cleaved by lipase (notum),
releasing glypican-3 to extracellular matrix®®, The
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shedding of glypican-3 plays a role in regulating signaling
of Wnts, hedgehogs, fibroblast growth factors, and bone
morphogenetic proteins'”?****), There has also been a
report that soluble glypican-3 can inhibit HCC proliferation
both in vitro and in vivo®'. Therefore, glypican-3 can
play both positive and negative role in cell growth
depending on cell type®>*, Glypican-3 is expressed
in a variety of tissues and acts as oncofetal protein.
Among membrane HSPGs, glypican-3 is the only HSPG
that is highly expressed on HCC tissue but it is usually
not found in normal and in non-tumor liver tissues™".
Previous findings indicate that glypican-3 stimulates in
vitro and in vivo growth of HCC®*****1, The mechanism
in HCC growth promotion of glypican-3 is to regulate
Wnt signaling as well as oncogenesis through insulin-
like growth factor signaling pathway™*”. It was reported
that, in primary HCC, sulfatase-2 (SULF2) enzyme with
6-O-sulfatase activity is up-regulated and associated to
poor prognosis*!l. Increasing of SULF2 enhances the
expression of glypican-3 in vitro and in vivo™*.

The liver is a rich source of GAGs and the liver is known
to be receptor of many molecules involved in diseases and
in pathogen binding™**®!, Recently, an HSPG was isolated
from human liver. The analysis of its GAG component
demonstrated that it was heparan sulfate, not heparin™”’.
Digestion of liver HSPG with heparin lyase I, I, I
yielded a core protein product that could be detected by
anti-rat glypican with a band of approximately 61 kD.
These results suggested that the HSPG isolated from
human liver was a glypican.

Monoclonal antibodies were raised against liver HSPG.
Two of the clones obtained are 1E4-1C2 and 1E4-1D9.
The clone 1E4-1C2 specifically reacts with membrane
molecules of various malignant cell lines, including solid
tumor and hematopoietic cells in erythromyeloid series™*.
This antibody can differentiate between acute myeloid
leukemia from normal blood cells and normal blast cells
in bone marrow. Moreover, mAb 1E4-1C2 strongly reacts
with HepG2 cells and inhibits cell proliferation in a dose
dependent manner both in vitro and in an animal model*®’,
Development of HepG2 cell-targeted drug delivery based
on mAb 1E4-1C2 has also been studied®™. Intensive
characterization of mAb 1E4-1C2 and its specific antigen
is in progress.

Our preliminary results of mAb 1E4-1D9 showed that
it could react with HepG2. Together with the previous
observations that liver HSPG was a glypican and that
glypican-3 is up regulated in HCC, we hypothesized that
antigen recognized by mAb 1E4-1D9 was glypican-3.
The present study is aimed at characterizing the specific
antigen on HepG2 cells recognized by mAb 1E4-1D9.

MATERIALS AND METHODS

Cell lines

HL60 cell line was a kind gift from Associate Professor,
Dr. Songyot Anuchpreeda, Department of Medical
Technology, Faculty of Associated Medical Sciences,
Chiang Mai University. Huh7 was from Professor, Dr.
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Pa-thai Yenchitsomanus, Faculty of Medicine Siriraj
Hospital, Mahidol University. The other cell lines were
purchased from ATCC.

Reagents and reagent kits

OPI supplement, fetal bovine serum, 3,3-diamino
benzidine (DAB), and SuperSignal™ West Pico Chemilumi-
nescent Substrate were purchased from Sigma-Aldrich (St.
Louis, MO, United States). All culture media were from
Gibco (Life Technologies, NY, United States). Mouse IgG1
and phycoerythrin (PE) conjugated mouse IgG2a were
purchased from Biolegend, CA, United States and anti-
glypican-3 [clone 9C2, IgG1, immunogen: Recombinant
human glypican-3 (amino acid 1-580)] was from Abcam
(United Kingdom). PE conjugated anti-glypican-3 [clone
307801, IgG2a, immunogen: Recombinant human glypican-3
(amino acid 25-558)] was obtained from United States
Biological Life Sciences, MA, United States. Fluorescein
isothiocyanate (FITC) conjugated anti-mouse Igs and
horseradish peroxidase (HRP)-conjugated anti-mouse Igs
were purchased from Dako (CA, United States). Protein G
agarose was purchased from Pierce (Rockford, IL, United
states). IsoStrip was obtained from Roche (IN, United
States). Other common reagents used in these studies
were purchased from local reputable companies including
PCL Holdings (Thailand) and Pacific Sciences (Thailand).

Preparation and purification of mAb 1E4-1D9 antibody
The hybrid clone 1E4-1D9 was grown in OPI containing-
Dulbecco’s Modified Eagle’s medium (DMEM)/high glu-
cose supplemented with 10% fetal bovine serum to
exponential phase. Cell culture supernatant was collected
and mAb 1E4-1D9 was purified using protein G affinity
agarose beads. Briefly, cell culture supernatant was
diluted with binding buffer provided (1:1 v/v) before
applying and allowed to flow completely into the resin.
The column was then washed with binding buffer and
eluted with the elution buffer provided. Fractions of 1 mL
were collected and neutralized with neutralizing buffer
(Tris-base, pH 8.0, 100 uL). Pooled purified mAb was
dialyzed against phosphate buffered saline (PBS) pH
7.2, concentrated and aliquots were frozen. Isotype was
determined using IsoStrip according to the manufacturer’'s
directions.

Determination of mAb 1E4-1D9 specificity to human
liver HSPG

HSPG isolated from human liver™” was diluted to 5 pg/mL
with PBS, pH 7.2. Twenty uL of sample was mixed with
5 uL of 5 x sample buffer (62.5 mmol/L Tris-HCI, pH
6.8, 70 mmol/L sodium dodecylsulfate (SDS), 10%
glycerol, 2% bromphenol blue) and non-reducing sample
buffer, and boiled for 5 min. Sample was subjected to
electrophoresis on 10% SDS-polyacrylamide gel electro-
phoresis (PAGE) at 200 V for 45 min and blotted onto
polyvinyl difluoride (PVDF) membrane. Before probing
with mAb 1E4-1D9, non-specific sites were blocked with
5% non-fat dried milk in tris-buffered saline (TBS) pH 7.4
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(0.15 mol/L NaCl, 10 mmol/L Tris-base) for 1 h at room
temperature on a rocking plate. The membrane was
washed 3-times (10 min each) with TBS pH 7.4. Primary
antibody (mAb 1E4-1D9, 100 ug/mL in 0.1% Tween-20
in; TBS-Tween) was added onto the membrane. The
reaction was performed at room temperature for 1 h
on a rocking plate. After completion, membrane was
washed with TBS-Tween for 3-times (10 min each) on
a rocking plate. The reaction was then detected with
HRP-conjugated rabbit anti-mouse Igs for 1 h at room
temperature on a rocking plate and washed. Finally,
signal was then developed with DAB containing Hz0:.
Molecular weight (kD) was calculated from a plot of log
molecular weight standard vs migration distance and a
R* = 0.99 was obtained.

Expression of mAb 1E4-1D9 on HepG2 cell lines

HepG2 cells cultured in DMEM high glucose supple-
mented with 10% fetal bovine serum (FBS) grown to
exponential phase. Cells were collected, washed twice
with PBS, pH 7.2. Cell viability was checked by trypan
blue dye exclusion assay and adjusted to 4 x 10° cells/mL
with PBS pH 7.2. Heat-inactivated normal human AB
serum was added to the final concentration of 10% and
incubated on ice for 30 min. An aliquot of cell suspension
(50 pL) was added to an equal volume of various final
concentrations of mAb 1E4-1D9. Mouse IgG1 and washing
buffer [cold 1% bovine serum albumin (BSA)-PBS, 0.02%
NaNs] were used as isotype and conjugated control,
respectively. The reactions were incubated on ice for
30 min. After completion, cells were washed 3-times with
washing buffer. Fifty microlitre of FITC-conjugated rabbit
anti-mouse Igs (1:20 diluted in washing buffer) was
added and reaction was incubated for another 30 min on
ice. Following with 3-washes, cell pellet was suspended
with 300 puL of 0.5% paraformaldehyde in PBS, pH 7.2
and analyzed by flow cytometer (Becton Dickinson, CA,
United States).

Immunoprecipitation of mAb 1E4-1D9 specific antigen
for amino acid analysis

HepG2 cells grown to exponential phase were harvested,
washed 5-times with PBS pH 7.2 (0.137 mol/L NaCl, 2.68
mmol/L KCI, 1.88 mmol/L NaHz:PO4.2H20, 8.10 mmol/L
NazHPOs) and adjusted to 1 x 10° cells/mL. One millilitre
of lysis buffer (1% Brij58, 20 mmol/L Tris—-HCI pH 7.5,
0.15 mol/L NaCl, 2 mmol/L ethylenediaminetetraacetic
acid, 5 mmol/L iodoacetamide, 1 mmol/L phenylmethyl-
sulfonyl fluoride, 2 mmol/L pepstatin A, 10 mg/mL aprotinin)
was added. The suspension was mixed thoroughly,
centrifuged 12000 rpm at 4 °C for 30 min to pellet cell
debris. HepG2 cell lysate was used as source of antigen
precipitating by mAb immobilized protein G agarose
beads.

Prior to immobilization of mAb, 50 uL of protein G was
washed 3-times with binding buffer (0.2 mol/L NaH2POsa.
H20, 0.15 mol/L NaCl) followed by immunoprecipitation
(IP) buffer (25 mmol/L Tris-base, 0.15 mol/L NaCl). One
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hundred microlitres of mAb 1E4-1D9 (100 pg/mL) was
then mixed individually with protein G agarose beads for
30 min at room temperature before washing (3-times)
out non-bound mAb with IP buffer. Washing buffer
was discarded and 100 pL of HepG2 lysate was added.
The reaction was incubated at 4 'C overnight. After
completion, the reaction was centrifuged, supernatant
was discarded and beads were washed 6-times with
IP buffer. Fifty microlitre of elution buffer (0.1 mol/L
glycine, pH 3.0) was added and mixed for 5 min. Finally
beads were pelleted down and eluate, containing specific
antigen, was collected. This step was repeated twice.
Collected supernatants were pooled and neutralized with
10 pL of neutralizing buffer (1 mol/L Tris-base, pH 8.0).

Twenty microlitres of eluate was mixed with 5 pL of
5 x sample buffer and separated on 10% SDS-PAGE at
200 V for 45 min before blotting onto PVDF membrane.
Non-specific binding sites on the membrane were blocked
with 5% non-fat dried milk in TBS pH 7.4 (0.15 mol/L
NaCl, 10 mmol/L Tris-base) for 1 h at room temperature
on a rocking plate. PVDF membrane was then washed,
with 0.1% Tween-20 in TBS (TBS-Tween), 3-times for
10 min each on a rocking plate. Primary antibody, mAb
1E4-1D9 (1 mg/mL in 1%BSA TBS-Tween) was added
to each membrane. The reaction was performed at 4 C
overnight. After completion, membrane was washed
(3-times for 10 min each) with 0.1% Tween-20 in TBS
(TBS-Tween) on a rocking plate. The reaction was then
detected with HRP-conjugated rabbit anti-mouse Igs for
1 h at room temperature on a rocking plate. After wash-
ing out the excess antibody (3-times for 10 min each)
with 0.1% Tween-20 in TBS (TBS-Tween), signal was
visualized by SuperSignal™ West Pico chemiluminescent
substrate. Molecular weight was calculated from standard
molecular weight graph as previously mentioned.

The eluate was pooled and subject to electrophoresis
in 5 x non-reducing sample buffer on 10% SDS-PAGE at
200 V for 45 min. Gel was stained with Coomasie Brilliant
Blue to prepare mAb 1E4-1C2 specific antigens for amino
acid sequence analysis. The band of interest, selected
by as comparison to result on immunoblot, was cut and
sent for amino acid analysis by LC-MS (HDMS Synaptat,
Waters, MA, United States) at the National Center
for Genetic Engineering and Biotechnology, Bangkok,
Thailand).

Co-expression of mAb 1E4-1D9 and anti-glypican-3 on
HepG2 cells

HepG2 cells in exponential phase were harvested
and washed twice with PBS, pH 7.2. Cell viability was
determined by trypan blue dye exclusion assay and
adjusted to 4 x 10° cells/mL with PBS pH 7.2. After
blocking with heat-inactivated normal AB serum for 30
min on ice, an aliquot of cell suspension (50 uL) was
added to equal volumes of various concentrations of
mAb 1E4-1D9. Mouse IgG1 was used as isotype control.
The reaction was incubated on ice for 30 min follow by
3-washes with cold washing buffer. Cell pellet was re-
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Figure 1 Liver heparan sulfate proteoglycan was detected by anti-rat glypican and mAb 1E4-1D9. A: Liver heparan sulfate proteoglycan (HSPG) was digested
with heparin lyase T, 11, II and probed with anti-rat glypican”; B: Silver stain of liver HSPG; C: Liver HSPG was reacted with mAb 1E4-1D9 and visualized by
horseradish peroxidase-conjugated rabbit anti-mouse Igs following with 3,3-diamino benzidine/H202 substrate.

suspended with 50 uL washing buffer and added with
equal volume of FITC-conjugated rabbit anti-mouse Igs
(1:20 diluted in washing buffer). After incubating on ice
for another 30 min, cells were washed 3-times and PE-
conjugated anti-glypican-3 (1:10 diluted with washing
buffer). PE conjugated mouse IgG2a was used as isotype
control. The reaction was performed on ice for 30 min
and washed 3-times. Finally, cells were suspended with
300 pL of 0.5% paraformaldehyde in PBS, pH 7.2 and
analyzed by flow cytometer.

Co-immunoprecipitation of mAb 1E4-1C2 and anti-
glypican-3 on HepG2 cells

HepG2 cell lysate was prepared as mentioned above
and was used as source of antigen. The three different
antibody immobilized protein G agarose beads, anti-
glypican-3, mAb 1E4-1D9, and mouse IgG1 (isotype
control) were immobilized on protein G agarose beads
as mentioned.

Twenty microlitres of eluates from mAb 1E4-1D9,
anti-glypican-3, or mouse IgG1l immobilized protein G
agarose beads was separated on 10% SDS-PAGE at 200
V for 45 min in non-reduced condition and blotted onto
PVDF membrane. Three membranes were prepared.
Non-specific binding sites on the membrane were blocked
with 5% non-fat dried milk in TBS, pH 7.4 for 1 h at
room temperature on a rocking plate. PVDF membrane
was then washed, 3-times for 10 min, with TBS-Tween
each on a rocking plate. Primary antibody [mAb 1E4-
1D9, anti-glypican-3, or mouse IgG1 isotype control
(100 pg/mL in 1% BSA TBS-Tween)] was added to
each individual membrane. The reaction was performed
at 4 °C overnight. After completion, membrane was
washed, 3-times for 10 min, with TBS-Tween each on
a rocking plate. The reaction was then detected with
HRP-conjugated rabbit anti-mouse Igs for 1 h at room
temperature on a rocking plate. After washing (3-times
for 10 min each) out the excess antibody with TBS-
Tween, signal was then developed by SuperSignal™ West
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Pico chemiluminescent substrate and auto-radiographed.
The molecular weight was calculated from a standard
molecular weight plot as previously described.

Expression of mAb 1E4-1D9 on malignant cell lines
Solid tumor cell lines (Huh7, B16F1, HT29, Caco2,
MCF7, SW620, SW1353, H460 and Hela) cultured in
DMEM high glucose supplemented with 10% FBS and
hematopoietic cell lines (HL60, K562, U937 and Molt4)
cultured in RPMI-1640 were grown to exponential phase.
Cells were collected, washed twice with PBS, pH 7.2.
Cell viability was checked by trypan blue dye exclusion
assay and adjusted to 4 x 10° cells/mL with PBS pH 7.2.
Heat-inactivated normal human AB serum was added
to cell suspension to the final concentration of 10% and
incubated on ice for 30 min. Aliquot of cell suspension
(50 pL) was added with an equal volume of mAb 1E4-
1D9 (20 pg/mL). Mouse IgG1 and washing buffer (cold
1%BSA-PBS, 0.02% NaNs) were used as isotype control
and conjugated control, respectively. The reactions were
incubated on ice for 30 min. After completion, cells were
washed 3-times with washing buffer. Fifty microlitres of
FITC-conjugated rabbit anti-mouse Igs (1:20 diluted in
washing buffer) was added and reaction was incubated
for another 30 min on ice. Following 3-washes with washing
buffer, the cell pellet was suspended with 300 puL of 0.5%
paraformaldehyde in PBS, pH 7.2 and was analyzed by
flow cytometer (Becton Dickinson, CA, United States).

RESULTS

Before any assay was performed, antibody isotype
was determined using a commercial isotyping kit and
it was confirmed that mAb 1E4-1D9 was an IgG1l. The
specificity to the immunogen was also studied by Western
immunoblotting of liver HSPG and probed with mAb 1E4-
1D9. The results demonstrated a band was detected
at approximately 67 kD under both non-reducing and
reducing conditions (Figure 1C). The molecular weight
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Figure 2 HepG2 cells (4 x 10° cells/mL) were reacted with various final concentrations of mAb 1E4-1D9 (0-160 pg/mL) for 30 min on ice. Mouse IgG1 was
used as isotype control. After washing, cells were stained with fluorescein isothiocyanate-conjugated rabbit anti-mouse Igs (1:20) for 30 min on ice and washed.
Finally, cells were suspended with 300 pL of 0.5% paraformaldehyde in phosphate buffered saline, pH 7.2 and analyzed by flow cytometry.

was close to that reported previously where liver HSPG
was probed with rabbit anti-rat glypican™”’ (Figure 1A).
These results suggest that the epitope of mAb 1E4-1D9 is
present in both folded and linear forms.

We next used indirect immunofluorescence to examine
the expression of the antigen on HepG2 cells that reacts
with mAb 1E4-1D9. mAb 1E4-1D9 reacted specifically
to an antigen on HepG2 in concentration dependent
manner (Figure 2). Moreover the highest expression of
this antigen was observed during incubation (data not
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shown) while HepG2 was in exponential phase was at
day-4 of incubation. The specific antigen was immune-
precipitated by mAb 1E4-1D9 immobilized protein G
agarose beads. A band at 135 kD was visualized by
immunoblotting (Figure 3A) and was cut from the gel
(Figure 3B) and sent for analysis.

Amino acid analysis demonstrated the presence of two
hypothetical sequences, gi30722350 (1478 amino acid)
and gi60219551 (1378 amino acid). Neither sequence
had a transmembrane region domain based on analysis
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Figure 3 Specific antigen was immunoprecipitated from HepG2 cell
lysate by mAb 1E4-1D9-immobilized protein G agarose beads. Eluate
was separated under non-reducing conditions in 10% sodium dodecylsulfate-
polyacrylamide gel electrophoresis at 200 V for 45 min. One gel was blotted
onto polyvinyl difluoride membrane and probed with mAb 1E4-1D9. A: The
reaction was detected by HRP-conjugated rabbit anti-mouse Igs and signal
was developed by SuperSignal™ West Pico Chemiluminescent Substrate; B:
Another gel was stained with Coomasie Brilliant Blue and protein band of 135
kD was cut and sent for amino acid analysis (B).

by TMHMMM software (Figure 4A). Data analysis also
demonstrated the number of cysteine residues was 19
and 15 in gi30722350 and gi60219551, respectively.
Moreover, gi30722350 contains two putative glycosylation
sites while the latter, gi60219551 has 11 putative gly-
cosylation sites at amino acid 139, 227, 377, 393, 577,
721, 891, 911, 1053, 1090 and 1243, respectively with
6 predicted N-glycosylation sites (amino acid 139, 227,
377, 577, 721 and 1053) (Figure 4B). Alignment of
gi30722350 (https://blast.ncbi.nim.nih.gov/Blast.cgi)
demonstrated that it was matched to all FYVE containing
protein with 99.7% matched to FYCO-1 (data not shown).
Interestingly, gi60219551 matched to a PDZ domain
protein with 85.7% match to glypican-3 (Figure 4C).
Expression of mAb 1E4-1D9 together in competition
with anti-glypican-3 was undertaken to verify that antigen
specific to mAb 1E4-1D9 was glypican-3. However,
prior to this experiment, the concentration of PE-con-
jugated anti-glypican-3 was optimized for maximum
intensity detection by direct immunofluorescence. The
result indicated that PE-conjugated anti-glypican-3 at
dilution of 1:10 could specifically react to 97.8% of
antigen on HepG2 cells (data not shown). Various final
concentrations of mAb 1E4-1D9 were used to react
with HepG2 cells followed by fixing with PE-conjugated
anti-glypican-3 and analyzed by flow cytometry. The
number of cells, in the upper right quadrant (positive
both FL1 and FL2), increased in dose dependent manner
while FL2 signal of the PE-conjugated anti-glypican-3
decreased (Figure 5). This indicates that mAb 1E4-1D9
is specific to glypican-3 on HepG2 since mAb 1E4-1D9
could compete with PE-conjugated anti-glypican-3 used.
Moreover, it suggests that antigenic site of mAb 1E4-1D9
on glypican-3 may be at or close to N-terminal region
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because immunogen of PE-conjugated anti-glypican-3
used was recombinant human glypican-3 (amino acid
25-558).

Co-immunoprecipitation of a specific antigen on
HepG2 cells by mAb 1E4-1D9 and anti-glypican-3 was
performed. Mouse IgG1l was used in parallel as an
isotype control. Findings from experiments show that
mAb 1E4-1D9 precipitated three interesting bands of
69, 115 and 130 kD (Figure 6B), which also reacted with
anti-glypican-3 (Figure 6C). A protein band of 130 kD
precipitated by anti-glypican-3 was clearly visualized by
mAb 1E4-1D9 (Figure 6B). However, anti-glypican-3 itself
showed less reaction (Figure 6C). Lysate was probed with
anti-glypican-3 to verify that lysate contained glypican-3
and a band was observed at 115 kD (Figure 6D). Taken
together this demonstrated that mAb 1E4-1D9 could
react with antigen precipitated by anti-glypican-3 and
vice versa.

Expression of mAb 1E4-1D9 on other cells was studied
by indirect immunofluorescence. We found that the
antigen recognized by mAb 1E4-1D9 was expressed on a
variety of cell lines tested including B16F1, Caco2, HT29,
MCF7, SW620, K562, U937 and Molt4 (Figure 7). Some
cells such as SW1353 and HL60 were weakly positive
and some were negative (H460 and Hela cells).

DISCUSSION

HCC is one of the most common cancers worldwide with
a poor prognosis and a low 5-year survival rate. Thus,
specific biomarkers have become increasingly important
to identify HCC. Glypican-3 is upregulated and highly
expressed in HCC but not in normal or non-malignant
liver tissues. Glypican-3 has important roles in cell growth,
differentiation and motility”®. As a key molecule in relation
to signaling with several growth factors and growth factor
receptors, glypican-3 can regulate the proliferation of
malignant cells both in negative and positive ways™?.
Therefore, antibodies specific to glypican-3 are of interest
and many antibody-expressing clones have been
developed. Some clones are used to prepare antibodies
as tools to study the glypican-3 related cellular activities
and some have been applied in tumor investigation and
tumor-specific drug development(®*>2°>1,

Our previous report demonstrated that HSPG isolated
from human liver contained glypican®”’. Monoclonal
antibody raised against human liver HSPG, mAb 1E4-
1D9 was, thus, proposed to be specific to glypican-3,
which is the only membrane HSPG that highly expressed
by HCC™*,

Probing of liver HSPG with mAb 1E4-1D9 resulted a
band of 67 kD under both reducing and non-reducing
conditions indicate that epitope of mAb 1E4-1D9 can
be recognized in either the folded and linear forms.
Amino acid analysis of band of 135 kD precipitated from
mAb 1E4-1D9 afforded two hypothetical sequences,
gi30722350 (1478 amino acid) and gi60219551 (1378
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Name: Sequence gi_60219551 Length: 1378
VGHHFIRSVLPEGPVGHSGKLFSGDELLEVNGITLLGENHQDVVNILKELPIEVTMVCCRRTVPPTTQSELDSLGIQHIE 80
LEKGSKGLGFSILDYQDPIDPASTVIIIRSLVPGGIAEKDGRLLPGDRLMFVNDVNLENSSLEEAVEALKGAPSGTVRIG 160
VAKPLPLSPEEGYVSAKEDSFLYPPHSCEEAGLADKPLFRADLALVGTNDADLVDESTFESPYSPENDSIYSTQASILSL 240
HGSSCGDGLNYGSSLPSSPPKDVIENSCDPVLDLHMSLEELYTQNLLQRQDENTPSVDISMGPASGFTINDYTPANAIEQ 320
QYECENTIVWTESHLPSEVISSAELPSVLPDSAGKGSEYLLEQSSLACNAECVMLQNVSKESFERTINIAKGNSSLGMTV 400
SANKDGLGMIVRSIIHGGAISRDGRIAIGDCILSINEESTISVTNAQARAMLRRHSLIGPDIKITYVPAEHLEEFKISLG 480
QQSGRVMALDIFSSYTGRDIPELPEREEGEGEESELQNTAYSNWNQPRRVELWREPSKSLGISIVGGRGMGSRLSNGEVM 560
RGIFIKHVLEDSPAGKNGTLKPGDRIVEAPSQSESEPEKAPLCSVPPPPPSAFAEMGSDHTQSSASKISQDVDKEDEFGY 640
SWKNIRERYGTLTGELHMIELEKGHSGLGLSLAGNKDRSRMSVFIVGIDPNGAAGKDGRLQIADELLEINGQILYGRSHQ 720
NASSITIKCAPSKVKIIFIRNKDAVNQMAVCPGNAVEPLPSNSENLQNKETEPTVTTSDAAVDLSSFKNVQHLELPKDQGG 800
LGIAISEEDTLSGVIIKSLTEHGVAATDGRLKVGDQILAVDDEIVVGYPIEKFISLLKTAKMTVKLTIHAENPDSQAVPS 880
AAGAASGEKKNSSQSLMVPQSGSPEPESIRNTSRSSTPAIFASDPATCPIIPGCETTIEISKGRTGLGLSIVGGSDTLLG 960
AIITHEVYEEGAACKDGRLWAGDQILEVNGIDLRKATHDEAINVLRQTPQRVRLTLYRDEAPYKEEEVCDTLTIELQKKP 1040
GKGLGLSIVGKRNDTGVFVSDIVKGGIADADGRLMQGDQILMVNGEDVRNATQEAVAALLKCSLGTVTLEVGRIKAGPFH 1120
SERRPSQSSQVSEGSLSSFTFPLSGSSTSESLESSSKKNALASEIQGLRTVEMKKGPTDSLGISIAGGVGSPLGDVPIFI 1200
AMMHPTGVAAQTQKLRVGDRIVTICGTSTEGMTHTQAVNLLKNASGSIEMQVVAGGDMSVVTGHQQEPASSSLSFTGLTS 1280
SSIFQDDLGPPQCKSITLERGPDGLGFSIVGGYGSPHGDLPIYVKTVFAKGAASEDGRLKRGDQIIAVNGQSLEGVTHEE 1360
AVAILKRTKGTVTLMVLS

(Threshold = 0.5)

SeqName Position Potential Jury N-Glyc agreement result
1 Sequence 139 NSSL 0.5176 (6/9) +
2 Sequence 227 NDSI 0.6440 (8/9) +
3 Sequence 377 NVSK 0.7067 (9/9) ++
4 Sequence 393 NSSL 0.4068 (5/9) -
5 Sequence 577 NGTL 0.5366 (719) +
6 Sequence 721 NASS 0.5723 (719) +
7 Sequence 891 NSSQ 0.3354 (9/9) --
8 Sequence 911 NTSR 0.4600 (719) -
9 Sequence 1053 NDTG 0.5287 (6/9) +
10 Sequence 1090 NATQ 0.4311 (819) -
11 Sequence 1243 NASG 0.4047 (9/9) --
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gi|60219551 TPAIFASDPATCPIIPGCETTIEISKGRTGLGLSIVGGSDTLLGAIIIHEVYEEGAACKD
NP_001158090.1
NP_001158091.1
NP_001158089.1
AAH35972.1
NP_004475.1

gi|60219551 GRLWAGDQILEVNGIDLRKATHDEAINVLRQTPQRVRLTLYRDEAPYKEEEVCDTLTIEL
NP_001158090.1
NP_001158091.1
NP_001158089.1
AAH35972.1
NP_004475.1

gi|60219551 QKKPGKGLGLSIVGKRNDTGVFVSDIVKGGIADADGRLMQGDQILMVNGEDVRNATQEAV
NP_001158090.1
NP_001158091.1
NP_001158089.1
AAH35972.1
NP_004475.1

gi|60219551 AALLKCSLGTVTLEVGRIKAGPFHSERRPSQSSQVSEGSLSSFTFPLSGSSTSESLESSS
NP_001158090.1
NP_001158091.1
NP_001158089.1

AAH35972.1

NP_004475.1

gi|60219551 KKNALASEIQGLRTVEMKKGPTDSLGISIAGGVGSPLGDVPIFIAMMHPTGVAAQTQKLR

NP_001158090.1 VWCFFFLVH

NP_001158091.1 VWCFFFLVH

NP_001158089.1 VVCFFFLVH

AAH35972.1 VVCFFFLVH

NP_004475.1 VVCFFFLVH-----=-=======mm---
* *: T *

gi|60219551 VGDRIVTICGTSTEGMTHTQAVNLLKNASGSIEMQVVAGGDMSVVTGHQQEPASSSLSFT

NP_001158090.1

NP_001158091.1

NP_001158089.1

AAH35972.1

NP_004475.1

gi|60219551 GLTSSSIFQDDLGPPQCKSITLERGPDGLGFSIVGGYGSPHGDLPIYVKTVFAKGAASED

NP_001158090.1

NP_001158091.1

NP_001158089.1

AAH35972.1

NP_004475.1

gi|60219551 GRLKRGDQIIAVNGQSLEGVTHEEAVAILKRTKGTVTLMVLS

NP_001158090.1
NP_001158091.1
NP_001158089.1
AAH35972.1
NP_004475.1

Ref. program: https://www.ebi.ac.uk/Tools/msa/clustalo/

Figure 4 Band of approximately 135 kD precipitated by mAb 1E4-1D9 was analyzed by LC-MS. A: Prediction of glycosylation sites and transmembrane region
in hypothetical protein sequence gi60219551 was predicted by TMHMMM software; B: Number of cysteine was determined from all 1378 amino acid sequence,
yellow highlight are N-glycosylation sites, green letter are cysteine, blue letter are glycosylation sites; C: Sequence of gi60219551 was aligned with glypican-3 based
on the reliable program on website: https://blast.ncbi.nim.nih.gov/Blast.cgi.
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Figure 5 HepG2 cells (4 x 10° cells/mL) were reacted with various final concentrations of mAb 1E4-1D9 (0-160 pg/mL) for 30 min on ice. Mouse IgG1 was
used as isotype control. After washing, cells were stained with fluorescein isothiocyanate-conjugated rabbit anti-mouse Igs (1:20) for 30 min on ice and washed. PE-
conjugated anti-glypican-3 (1:10) was added and reaction was incubated for another 30 min on ice. Phycoerythrin-conjugated mouse IgG2a was used as isotype
control in this step. After washing, cells were suspended with 300 pL of 0.5%paraformaldehyde in phosphate buffered saline, pH 7.2 and analyzed by flow cytometry.

amino acid). Both sequences had no transmembrane
domain indicating that they might be either intracellular
or external proteins. The first sequence with 19 cysteines,
gi30722350 was FYVE containing protein and found
99.7% matched to FYCOL. This is very surprising since
there have been no reports of a relationship between
FYCO1 and glypican-3. FYCO1 is FYVE (Fab1l, YOYB,
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Vacl, EEA1) and coiled-coil domain containing™” FYCO1,
an endogenous protein with MW of 150 kD resides on
perinuclear cytosolic vesicles. However, during a starvation
period, FYCO1 redistributes to the cell periphery in micro-
tubule-dependent manner®., It functions as an adapter
mediating autophagosome to microtubule plus-end-
directed molecular motors™. FYCO1 can be dimerized
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Figure 6 Specific antigen was precipitated from HepG2 lysate by mouse IgG1 (1), or anti-glypican-3 (2), or mAb 1E4-1D9 (3). The antigen was electrophoresed in
10% sodium dodecylsulfate-polyacrylamide gel electrophoresis at 200V for 45 min in non-reduced condition and blotted onto PVDF membrane. The antigen was probed
with mouse IgG1, isotype control (A), or anti-glypican-3 (B), or mAb 1E4-1D9 (C), compared to HepG2 lysate probed with anti-glypican-3 (D). The reaction was detected
by horseradish peroxidase-conjugated rabbit anti-mouse Igs and visualized by SuperSignal™ West Pico Chemiluminescent Substrate. PVDF: Polyvinyl diflucride.

and recruited to the phosphatidylinositol-3-phosphate,
PtdIns(3)P. Findings in the study demonstrate a protein
band of 160 kD co-precipitated with a band of 69 kD
by anti-glypican-3 itself or mAb 1E4-1D9. This band of
160 kD was identified FYCO1. Additional studies, are
required to better understand the biological function of
this relationship.

Amino acid sequence analysis revealed that the second
sequence, gi60219551 with 1378 amino acid was a PDZ
containing protein and 85.7% matched to glypican-3.
More information confirmed the structure since there
are 15 cysteines and 11 putative glycosylation sites
with 6 predicted N-glycosylation sites. A band of 69 kD
was precipitated with mAb 1E4-1D9 as was with anti-
glypican-3. However, there were two bands of 115
and 130 kD with higher MW observed which might
correspond to GAG-remaining attached protein. Indirect
immunofluorescence staining of various concentrations
of mAb 1E4-1D9 on HepG2 cells following with the PE-
conjugated anti-glypican-3 was performed to confirm the
glypican-3 specificity of mAb 1E4-1D9. It was revealed
that increasing amount of mAb 1E4-1D9 showed the
higher number cells in upper right quadrant. This demon-
strates that HepG2 can react with both antibodies through
the same antigen. PE-conjugated anti-glypican-3 used in
the experiment was raised against recombinant human
glypican-3 at amino acid 25-558 (available information from
datasheet). According to the competition experiments,
we suggest that antigenic sites of mAb 1E4-1D9 are at
or closed to N-terminus. This hypothesis was confirmed
by co-precipitation of specific antigen from HepG2 lysate
that the same protein bands were precipitated and
visualized by cross-reaction between two antibodies.
The protein band precipitated by mAb 1E4-1D9 was also
detected by anti-glypican-3.

Moreover, since glypican-3 is expressed on a variety
of malignant cell lines, indirect immunofluorescence
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technique was performed. We found that mAb 1E4-
1D9 strongly reacted with an antigen on malignant cell
lines including B16F1, Caco2, HT29, MCF7 and SW620.
A strongly positive signal was observed when staining
hematopoietic cell lines including K562, U937 and Molt4.
In some cell lines, mAb 1E4-1D9 was weakly reacted
(SW1353 and HL60) and in some no reaction was ob-
served (H460 and Hela). These results are consistent
with previous reports®™ ",

Glypican-3 is highly expressed on HCC and plays
roles in cellular bioactivities, thus, it is the attractive
molecule for developing a therapeutic antibody for
HCC treatment. In addition, effect of anti-glypican-3
on proliferation inhibition is dependent on functional
epitope of antibody'®.. Taken together, these findings
support that mAb 1E4-1D9 raised against human liver
HSPG is specific for glypican-3. This antibody is specific
to HepG2 and glypican-3 expressing malignant cells.
The effect of antibody on cell proliferation needs to be
studied to understand whether it can be used as a tool
for anti-cancer drug development. However, based on its
specificity, it should be an excellent candidate monoclonal
antibody for applications in tumor investigation as well
as for tumor-targeted immunotherapy. Interestingly,
the present study also discovers FYCO1 as a possible
partner molecule of glypican-3. The findings merit further
investigation, which may be applicable and beneficial
for immuno- or gene-therapy in clinical settings for the
treatment of HCC.
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Background

Among most malignant tumors worldwide hepatocellular carcinoma (HCC) is
ranked in the fifth most common malignancy and the third leading cause of
death. Patients with HCC have a very poor prognosis and the 5-year survival
rate of less than 5%-10%. The reasons are that clinical diagnosis usually
occurs at a late stage and there are limitations in drug- and surgery-based
treatment. Therefore, new strategies and effective treatment as well as early
detection using tumor specific monoclonal antibodies are needed. Glypican-3,
a glycosylphosphatidylinositol-linked cell surface heparan sulfate proteoglycan
(HSPQG) is highly expressed in HCC. In some particular conditions, glypican-3
can be cleaved and released into serum and used as a biomarker for HCC.
Glypican-3 is involved in growth signalling through Wnts, hedhogs, fibroblast
growth factor, and bone morphogenetic proteins. Based on its function in tumor
growth regulation, an antibody specific to glypican-3, would be important for the
development of tumor-targeted drug delivery and immunotherapy. Previously,
HSPG was isolated from human liver. Biochemical characterization revealed
that liver HSPG consisted of heparan sulfate chain with a high level of sulfation.
Preliminary result showed that liver HSPG could reacted with anti-rat glypican. A
monoclonal antibody against liver HSPG was raised and mAb 1E4-1D9 obtained
was studied to determine whether it recognized glypican-3.

Research frontiers

Important fields related to this study using mAb 1E4-1D9 as a tool include: (1)
tumor detection and investigation such as developing of serological detection
system and other clinical applications; (2) tumor-targeted drug delivery and drug
design both in immunotherapy and gene therapy; and (3) understanding the role
of glypican-3 in regulation of intracellular signalling in many cell types.

Innovations and breakthroughs

Glypican-3 is upregulated in HCC and many tumor cell types where it enhances
cell growth in particular growth-signalling pathways. Research focusing on
the production of monoclonal antibodies specific to glypican-3 are important
to explore new diagnostic and therapeutic candidates. Findings from present
study based on HepG2 cells indicates that specific antigen of a new monoclonal
antibody, 1E4-1D9 is glypican-3. In addition, this is the first report showing
FYCO1 as a potential partner molecule for glypican-3. The findings merit further
investigation, which may be applicable and beneficial for immune- or gene
therapy in clinical setting for the treatment of HCC.

Applications

Glypican-3 specific monoclonal antibody, 1E4-1D9, can be a tool for development
of laboratory investigation for HCC and other glypican-3 expressed tumors.
In addition, it will be a good candidate for tumor-targeted drug development,
immunotherapy and gene therapy.
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Early detection of HCC is very important to study, the glypican-3 is a good point
to research, so topic of paper is novel and design of experiment is precise.
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Abstract

AIM
To identify risk factors associated with hepatocellular
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carcinoma (HCC), describe tumor characteristics and
treatments pursed for a cohort of individuals with nonal-
coholic steatohepatitis (NASH) cirrhosis.

METHODS

We conducted a retrospective case-control study of a
well-characterized cohort of patients among five liver
transplant centers with NASH cirrhosis with (cases) and
without HCC (controls).

RESULTS

Ninety-four cases and 150 controls were included. Cases
were significantly more likely to be male than controls
(67% vs 45%, P < 0.001) and of older age (61.9 years
vs 58 years, £ = 0.002). In addition, cases were more
likely to have had complications of end stage liver
disease (83% vs 71%, P = 0.032). On multivariate
analysis, the strongest association with the presence
of HCC were male gender (OR 4.3, 95%CI: 1.83-10.3,
P = 0.001) and age (OR = 1.082, 95%CI: 1.03-1.13,
P = 0.001). Hispanic ethnicity was associated with
a decreased prevalence of HCC (OR = 0.3, 95%CI:
0.09-0.994, P = 0.048). HCC was predominantly in the
form of a single lesion with regional lymph node(s) and
distant metastasis in only 2.6% and 6.3%, respectively.
Fifty-nine point three percent of individuals with HCC
underwent locoregional therapy and 61.5% underwent
liver transplantation for HCC.

CONCLUSION

Male gender, increased age and non-Hispanic ethnicity
are associated with HCC in NASH cirrhosis. NASH cirr-
hosis associated HCC in this cohort was characterized
by early stage disease at diagnosis and treatment with
locoregional therapy and transplant.

Key words: Hepatocellular carcinoma; Nonalcoholic
fatty liver disease; Cirrhosis, Gender; Ethnicity

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present paper identifies male gender,
increased age and non-Hispanic ethnicity as factors
associated with hepatocellular carcinoma (HCC) in
nonalcoholic steatohepatitis cirrhosis. In this series,
HCC in nonalcoholic fatty liver disease cirrhosis was
diagnosed at an early stage and treated predominantly
with locoregional therapy and liver transplantation.
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INTRODUCTION

The burden of nonalcoholic fatty liver disease (NAFLD)
is substantial. Estimates suggest 75-100 million people
in the United States have NAFLD, and alarmingly, many
of these patients are not aware of or evaluated for
this condition'"?. A subset of individuals with NAFLD
will develop nonalcoholic steatohepatitis (NASH), the
inflammatory phenotype of NAFLD. Hepatic fibrosis and
eventual cirrhosis is a consequence of NASH progression,
particularly in genetically predisposed individuals. NASH
cirrhosis is projected to be the leading indication for liver
transplantation in the next 10-20 years™.

Hepatocellular carcinoma (HCC), like NAFLD, is also
underrecognized. In fact, a recent retrospective study
suggested that only 20% of patients received appropriate
surveillance before their HCC diagnosis™®. Inadequate
screening is a serious concern for patients with cirrhosis
of any type. However, recent data suggests that a de-
ficiency in screening may be particularly problematic for
patients with NAFLD HCC who present at a later tumor
stage, have shorter survival times, and lower rates of
liver transplantation®™,

Thus, the convergence of NAFLD and HCC uniquely
focuses the narrative for providers caring for these
patients to enhance the screening and diagnosis of
both diseases. Simultaneously, identifying risk factors
for HCC development in patients with underlying NASH
cirrhosis is critically important to improve screening and
treatment. We have conducted a retrospective case-
control study of a well-characterized cohort of patients
with NASH cirrhosis with and without HCC in order to
identify risk factors associated with HCC. We also provide
tumor characteristics and survival data for this cohort.
Our data, derived from five academic liver transplant
centers, highlights patient characteristics associated with
HCC and enhances the growing body of evidence on HCC
in the setting NAFLD.

MATERIALS AND METHODS

We conducted a case-control study of individuals with
NAFLD cirrhosis with and without HCC from five academic
medical centers in the United States. NAFLD was diag-
nosed between 1991-2015 and all HCC cases were
diagnosed between 2004-2015. This study was approved
by the Institutional Review Boards at the respective
institutions.

A diagnosis of NAFLD cirrhosis was made either (1)
by histology; or (2) clinically. Clinical NAFLD was defined
by the exclusion of other causes of chronic liver disease
and the presence of one or more risk factors for NAFLD
including diabetes, obesity or = 1 component of the
metabolic syndrome. The diagnosis of cirrhosis was
made either by histology or by imaging suggestive of
cirrhosis (nodular liver, splenomegaly, ascites or varices)
in combination with laboratory values suggesting portal
hypertension or impaired synthetic function (platelet count
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< 150000/uL, albumin < 3.5 g/dL) or complications of
end-stage liver disease. Characteristic liver histology for
NASH served as one diagnostic modality; NAFLD Activity
Score values were not available for all subjects.

Definition of cases

Cases were individuals with NAFLD cirrhosis and well-
characterized HCC. HCC was defined by histology or
imaging consistent with Organ Procurement and Trans-
plantation Network criteria™.

Definition of controls

Controls were defined as individuals meeting criteria for
NASH cirrhosis but without evidence of HCC on imaging
within one year following the diagnosis of cirrhosis. For
each case, depending on the availability, we enrolled 1-3
controls from the same institution. Cases and controls
were matched for the year of enroliment, i.e., ascer-
tainment of absence of HCC by imaging in the controls
was in the same year as the HCC diagnosis in the cases.

Data collection
Charts were reviewed for weight, height, body mass
index (BMI) and co-morbid disease including diabetes
mellitus, hypertension, dyslipidemia, cardiovascular dis-
ease, obstructive sleep apnea, polycystic ovary syndrome
and obesity. Complications of liver disease were also
recorded including the presence of ascites, spontaneous
bacterial peritonitis, hepatorenal syndrome, hepatic
encephalopathy and gastroesophageal varices. These
complications were combined in to a composite cirrhosis
complication variable. Use of medications including
metformin, pioglitazone, vitamin E, HMG-CoA reductase
inhibitors (“statins”) was also collected. Laboratory values
for platelet count, INR, fasting insulin, fasting glucose,
creatinine, alkaline phosphatase, alanine aminotran-
sferase (ALT), aspartate aminotransferase, total bilirubin,
albumin, total cholesterol, low-density lipoprotein level,
high-density lipoprotein level, triglycerides, glycosylated
hemoglobin (A1C), ferritin, alpha-fetoprotein, and model
for end-stage liver disease (MELD) score.MELD score was
calculated according to the published formulat™.
Pathology reports were reviewed for the presence
of HCC as well as TMN classification of malignant tumor
status, differentiation status, vascular and/or perineural
invasion and lymph node involvement. Imaging including
ultrasound, computerized tomography scan or magnetic
resonance imaging was reviewed for tumor number, size
and location.

Statistical analysis

All statistical analyses were performed using SAS
software, version V.9.2 (SAS Institute, Cary, NC). Con-
tinuous variables were analyzed using a Student’s t-test
for normally distributed variables and a Wilcoxon rank
sum test for variables that were not normally distributed.
Categorical variables were analyzed using a y° test or
Fisher's exact test as appropriate. Nominal, two-sided
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P values were used and were considered statistically
significant if P < 0.05. The final model was selected by
combining clinical judgment and statistical assessment.
We included variables with P < 0.1 in univariate analysis
and variables that are considered as known confounders.
All analyses were carried out using SAS 9.4 (SAS In-
stitute, Cary, NC) and Stata 13.1 (Stata Corp., College
Station, TX).

RESULTS

Baseline characteristics

Two hundred and forty-four individuals (94 cases and 150
controls) were included. Individuals were predominantly
male (54.7%), and Caucasian (81.8%) with a mean age
of 59 years. Diabetes (69.5%), dyslipidemia (47.9%)
and hypertension (60.1%) were frequent. Mean BMI was
33.5 kg/m” and mean MELD score was 12.

Seventy-five point four percent had a complication of
cirrhosis with the most frequent being gastroesophageal
varices (58.0%), ascites (48.6%) and encephalopathy
(39.6%). Hepatorenal syndrome and spontaneous
bacterial peritonitis were infrequent (3.3% and 4.2%,
respectively).

Characteristics of cases and controls: Univariate
analysis

Ninety-four cases and 150 controls were included in the
present study. Cases were significantly more likely to
be male than controls (67% vs 45%, P < 0.001) and
be of older age (mean, 61.9 £ 9.4 vs 58.0 £ 9.9, P =
0.002). In addition, cases were more likely to have had
complications of end-stage liver disease including ascites,
SBP, HRS, gastroesophageal varices or encephalopathy
(composite 83% vs 71%, P = 0.032). There was no
difference between cases and controls by comorbidities,
medication use including statins or vitamin E, or bio-
chemical markers such as ALT or MELD score (Table 1).

Characteristics of cases and controls: Multivariate
analysis

On multivariate analysis, after adjustment for the re-
levant confounders, the strongest association with the
presence of HCC among those with NASH cirrhosis was
male gender (OR = 4.3, 95%CI: 1.83-10.3, P = 0.001).
In addition, age (OR = 1.082, 95%CI: 1.03-1.13, P =
0.001) was associated with HCC. Hispanic ethnicity was
associated with a decreased prevalence of HCC (OR = 0.3,
95%CI: 0.09-0.994, P = 0.048) (Table 2).

Characteristics of HCC in NAFLD cirrhosis

HCC diagnosed in this cohort of individuals with NASH
cirrhosis was predominantly in the form of a single lesion
(median 1.0, IQR 1.0) with a median size of 2.7 cm (IQR
2.5) (Table 3). Regional lymph node and distant metastasis
were recorded in only 2.6% and 6.3%, respectively.
Vascular or perineural invasion was documented in
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Table 1 Characteristics of cases and controls

Characteristic Case Control P value
(n=94) (n = 150)

Age, yr (mean £ SD) 61.9+9.4 58.0+9.9 0.002

Gender Female 33% 55% <0.001
Male 67% 45%

Race White 85% 80.0% 0.605
Black 1% 17%
Other 14% 3%

Ethnicity Not 82% 90% 0.149

Hispanic

Hispanic 18% 10%

Diabetes mellitus Yes 74% 67% 0.237
No 26% 33%

Hypertension Yes 61% 60% 0.888
No 39% 40%

Dyslipidemia Yes 50% 47% 0.609
No 50% 53%

Cardiovascular disease Yes 28% 19% 0.093
No 72% 81%

Metformin use Yes 40% 37% 0.660
No 60% 63%

Statin use Yes 25% 21% 0.401
No 75% 79%

Vitamin E use Yes 11% 9% 0.620
No 89% 91%

Ascites Yes 51% 47% 0.628
No 49% 53%

Gastroesophageal varices ~ Yes 66% 53% 0.072
No 34% 47%

Hepatic encephalopathy Yes 40% 40% 0.995
No 60% 60%

Complications of Yes 83% 71% 0.032
cirrhosis No 17% 29%

BMI (kg/m’) 328+58 339173 0.222

ALT (IU/L) (mean + SD) 433+254 4218+373  0.819

MELD score (mean + SD) 11.6+44 1239+48 0.382

BMI: Body mass index; ALT: Alanine aminotransferase; MELD: Model for
end-stage liver disease.

13.9% and 1.3%, respectively. Fifty-five prcent of tumors
involved a single lobe of the liver, 25.6% were bilobar,
while the lobar distribution was unknown in 32.4%.

Treatment for HCC

In this cohort, 59.3% of individuals with HCC underwent
either locoregional therapy with radiofrequency ablation,
transarterial chemoembolization or radiation. In addition,
61.5% of the entire cohort underwent liver transplan-
tation for HCC. Resection was infrequent and took place
in only 10% of the HCC cohort. Sorafenib and/or palliative
care was administered in 10% of patients.

DISCUSSION

NASH cirrhosis is projected to become the leading in-
dication for liver transplantation by 2020, surpassing
alcohol and chronic hepatitis C infection®. Despite its
public health impact, however, relatively little is known
about the risk factors for HCC development in NASH
cirrhosis. The present case-control study sought to
address this gap by evaluating individuals with NASH

JRaishideng®
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Table 2 Variables associated with presence of hepatocellular

carcinoma on multivariate analysis'

Variable Univariate  Multivariate OR  Multivariate
P value 95%Cl P value
Age 0.002 1.08 (1.032-1.13) 0.001
Gender <0.001 4.34 (1.83-10.31) <0.001
BMI 0.22 0.96 (0.90-1.02) 0.20
Ethnicity 0.15 0.300 (0.090-0.994) 0.045
Platelet count 0.14 1.004 (1.00-1.01) 0.14
CVD 0.09 1.21 (0.61-2.41) 0.58
Gastroesophageal varices 0.07 1.43 (0.63-3.21) 0.39
Complications of cirrhosis 0.03 1.15 (0.43-3.02) 0.78

'The final model was selected by combining clinical judgment and
statistical assessment. We included variables with P < 0.1 in univariate
analysis and variables that are considered as known confounders. CVD:
Cardiovascular disease; BMI: Body mass index.

cirrhosis with and without HCC.

We found that HCC was associated with male gender
and older age. There was no difference between cases
and controls with regards to comorbidities, prescription
medications, vitamin E use, or biochemical markers such
as ALT or MELD score. Surprisingly, the Hispanic ethnicity
conferred a decreased risk of HCC.

The observed differences in sex and age are con-
sistent with prior studies. Ascha et a/'® compared
patients with HCC secondary to NASH cirrhosis to those
with HCV cirrhosis and HCC. Compared to those with
HCV, individuals with NASH and HCC were significantly
older and had a trend toward an increased risk of HCC in
men. Bugianesi et al’”’ also evaluated risk factors for HCC
in a cohort of 641 individuals with chronic liver disease
of varying etiologies. Six point nine percent of the cohort
had cryptogenic cirrhosis largely attributed to NASH. HCC
in cryptogenic cirrhosis was associated with older age
although no difference in gender was seen. These studies
also found that HCC in NASH cirrhosis/cryptogenic cirr-
hosis was associated with BMI, obesity and diabetes
mellitus. The present study did not find associations
between diabetes, obesity, BMI or insulin resistance.
Our use of NASH cirrhosis controls with high prevalence
of diabetes and obesity may account for this difference
as prior studies have compared NASH patients who are
often characterized by diabetes and obesity to those with
other forms of chronic liver disease among whom these
comorbidities are less frequent.

Metabolic stress including development of the meta-
bolic syndrome is not only associated with increased risk
of cancer in general, but with risk for HCC. Presumably,
most NAFLD patients meet criteria for diagnosis of the
metabolic syndrome, yet a great proportion of these
patients do not develop HCC. The present study did not
find a significant difference in comorbidities between
cases and controls. Just as only a subset of NAFLD patients
progress to NASH, this lends further support to a genetic
determinant for development of HCC within NAFLD.
Investigation of genetic alterations in insulin signaling
including the PI3K-AKT-PTEN pathway and other factors
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Table 3 Tumor characteristics of hepatocellular carcinoma

Characteristics of HCC n (%)
Primary tumor (T)
1 27 (42.86)
2 28 (44.44)
3 8 (12.70)
Regional lymph nodes (N)
Yes 2 (2.63)
No 43 (56.58)
Unknown 31 (40.79)
Distant metastasis (M)
Yes 5 (6.33)
No 45 (56.96)
Unknown 29 (36.71)
Tumor size, median (IQR) 2.7 (2.5)
Number of lesions, median (IQR) 1.0 (1.0)
Vascular invasion
Yes 11 (13.92)
No 56 (70.89)
Unknown 12 (15.19)
Perineural invasion
Yes 1 (1.30)
No 51 (66.23)
Unknown 25 (32.47)
Bilobar involvement of tumor
Yes 21 (25.61)
No 45 (54.88)
Unknown 16 (19.51)

HCC: Hepatocellular carcinoma.

in inflammatory pathways including NF-KB may be
promising™ ™ and possible with a prospective study in a
similar cohort of subjects.

Genetic variation may explain reported racial/ethnic
disparities. Racial/ethnic disparities have been reported
both in NAFLD and HCC: Hispanics tend to have a more
progressive course in NAFLD; and have lower rates of
curative therapies for HCC™. Our finding that Hispanic
ethnicity was associated with a decreased risk of develop-
ment of HCC within NAFLD is surprising and needs
confirmation with a larger cohort of individuals with
NASH and other etiologies of chronic liver disease. Indeed
among other causes of chronic liver disease, specifically
hepatitis C, Hispanics are more likely to progress to
cirrhosis and HCC!**, The present study is limited by a
small number of Hispanic patients among both cases
and controls and further evaluation of this relationship
between ethnicity and HCC among those with NASH
cirrhosis is needed.

The tumors observed in our study were typically a
single lesion, confined to a single lobe and without any
invasion to adjacent structures. This is in contrast with a
recent study by Piscaglia et af* who found that NAFLD-
HCC tended to be more advanced when compared to
HCC in the background of HCV cirrhosis (HCV-HCC).
The authors concluded that this was a result of delayed
diagnosis of NAFLD and subsequent lack of screening in
advanced fibrosis. There was no significant difference in
mortality when propensity score analysis was performed.
Certainly, detection of early stage HCC centers around
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appropriate screening. Our patients were established in
our respective clinics and routinely followed. Resection
was infrequent and the majority of our patients (61.5%)
underwent orthotopic liver transplantation. The earlier
stage observed in our study may be a product of referral
and/or selection bias, as this cohort was selected from
tertiary care and transplant medical center populations.

The limitations of our study include its retrospective
nature; only cirrhotic patients were included in the study
by design, thus limiting our ability to add to the body
of data of HCC in the absence of advanced fibrosis.
Similarly, we did not include HCC arising within other
etiologies of cirrhosis, and therefore, cannot report
that our findings are unique to NAFLD but that these
characteristics play a role in the development of HCC in
the context of NAFLD cirrhosis. The duration of cirrhosis
is not known in this cohort given the case- control design
and absence of longitudinal data.

In conclusion, the present study found that male
gender and advanced age were associated with increased
risk for the development of HCC among individuals with
NASH cirrhosis whereas Hispanic ethnicity was associated
with lower risk. Larger cohorts of individuals with HCC,
from NASH and other etiologies are needed to further
explore these associations. Additionally, prospective
studies will help address these factors as predictors
of HCC development and to risk stratify patients with
NAFLD at increased risk for HCC who may benefit from
more intense surveillance for HCC.
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Abstract

AIM
To compare features of hepatocellular carcinoma (HCC)
in Hispanics to those of African Americans and Whites.

METHODS

Patients treated for HCC at an urban tertiary medical
center from 2005 to 2011 were identified from a tumor
registry. Data were collected retrospectively, including
demographics, comorbidities, liver disease characteristics,
tumor parameters, treatment, and survival (OS) out-
comes. OS analyses were performed using Kaplan-Meier
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method.

RESULTS

One hundred and ninety-five patients with HCC were
identified: 80.5% were male, and 22% were age 65 or
older. Mean age at HCC diagnosis was 59.7 + 9.8 years.
Sixty-one point five percent of patients had Medicare or
Medicaid; 4.1% were uninsured. Compared to African
American (31.2%) and White (46.2%) patients, Hispanic
patients (22.6%) were more likely to have diabetes (P
= 0.0019), hyperlipidemia (# = 0.0001), nonalcoholic
steatohepatitis (NASH) (P = 0.0021), end stage renal
disease (P = 0.0057), and less likely to have hepatitis C
virus (P < 0.0001) or a smoking history (P < 0.0001).
Compared to African Americans, Hispanics were more
likely to meet criteria for metabolic syndrome (P =
0.0491), had higher median MELD scores (P = 0.0159),
ascites (P = 0.008), and encephalopathy (P = 0.0087).
Hispanic patients with HCC had shorter OS than the other
racial groups (P = 0.020), despite similarities in HCC
parameters and treatment.

CONCLUSION

In conclusion, Hispanic patients with HCC have higher
incidence of modifiable metabolic risk factors including
NASH, and shorter OS than African American and White
patients.

Key words: Hepatocellular carcinoma; Epidemiology;
Treatment pattern; Survival; Hispanics

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study evaluating
features of hepatocellular carcinoma (HCC) in Hispanics
compared to those of African Americans and Whites.
This large single institution study found that Hispanic
patients with HCC presented with more modifiable
risk factors, more advanced liver disease, and shorter
survival compared to African American and White
patients with HCC. Early identification and intervention
upon modifiable risk factors may ameliorate HCC
development and HCC morbidity in Hispanic patients.

Venepalli NK, Modayil MV, Berg SA, Nair TD, Parepally M,
Rajaram P, Gaba RC, Bui JT, Huang Y, Cotler SJ. Features
of hepatocellular carcinoma in Hispanics differ from African
Americans and non-Hispanic Whites. World J Hepatol 2017,
9(7): 391-400 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v9/i7/391.htm DOI: http://dx.doi.org/10.4254/
wjh.v9.i7.391

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common
malignancy worldwide and the third leading cause of
cancer related mortality™?. While the highest prevalence
rates of HCC are in Asia and Africa accounting for 85%
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of cases in 2008, the incidence of HCC has increased
steadily in the United States among most racial and ethnic
groups with a greater rate of growth observed in non-White
populations®*. Recent SEER analyses reported higher
incidence rates for Hispanics (2.5 times) compared to
non-Hispanics, and Asian-Pacific Islanders (4 times) and
African Americans (1.7 times) compared to Whites'®.,

HCC in Hispanics Americans will continue to increase
as Hispanics are the most rapidly growing immigrant
population in the United States, and projected to comprise
30% of the total population in 2050”!. Recent studies
report differences in HCC presentation in Hispanics compared
to non-Hispanics, including younger age at diagnosis and
greater prevalence of metabolic risk factors for Hispanic
patients compared to non-Hispanic Whites®”), and
higher incidence of HCC in Hispanic women compared
to Hispanic men™. Notably, the incidence of liver cancer
in Hispanic men has doubled between 1992 and 2012,
and is double that of non-Hispanic men™. While national
HCC incidence is highest in Asians™®, Hispanic patients
continue to have poorer 5 year survival in comparison
to their White and Asian counterparts (respectively;
15% vs 18% vs 23%), and higher overall mortality
rates®'?, Age adjusted HCC-related mortality rates were
reported as more than double in native Hispanic men
vs immigrant Hispanic men, suggesting that synergy
between biologic, environmental, and acquired risk
factors contributes to HCC development in Hispanics in the
United States'. Despite disproportionately higher incidence
and mortality rates of HCC in Hispanics, there is a paucity
of information about HCC presentation and features in
Hispanics compared to non-Hispanics.

Identifying the role of modifiable risk factors asso-
ciated with HCC in Hispanics will be critical to begin to
address racial disparities in HCC incidence rates and
outcomes. The aim of the current study was to evaluate
HCC risk factors with specific emphasis on modifiable
risk factors, disease characteristics, and treatment out-
comes in Hispanic patients seen in an academic tertiary
medical center in Chicago, Illinois and to compare HCC
presentation and outcomes in Hispanics to African American
and White patients.

MATERIALS AND METHODS

Patient populations

All adult patients = 18 years of age with HCC treated at
the University of Illinois at Chicago (UIC) from January
2005 to December 2011 were identified from the UIC
tumor registry. HCC diagnosis was confirmed by histo-
pathology or according to the American Association
of the Study of Liver Diseases non-invasive diagnostic
criteria*!l, Hispanic, African American, and White patients
were included in the study population; other racial
groups were excluded. Patient charts were reviewed for
relevant demographic data including comorbidities, liver
disease etiology and characteristics, tumor parameters,
treatment patterns, and length of survival from pre-
sentation. The protocol for this study was approved by
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the Institutional Review Board at UIC as an expedited
review under expedited category 5 (Protocol 2005-0283),
and was granted a waiver of informed consent and
HIPAA authorization.

Variable selection

The primary category of interest was patient identified
race/ethnicity. The primary outcome of interest was
patient survival. Demographic factors included race,
age at diagnosis, gender, insurance status, body mass
index (BMI), and metabolic syndrome criteria per the
adult treatment panel I guidelines'*?. Comorbidities
included diabetes, hyperlipidemia, end stage renal dis-
ease requiring dialysis (ESRD), and history of smoking
and alcohol use. Assessment of smoking and alcohol
consumption was based on patient self-reporting per
chart review. Cirrhosis was confirmed by liver biopsy
or via characteristic clinical and radiologic features. Liver
disease etiology was characterized as hepatitis B virus,
hepatitis C virus (HCV), alcoholic liver disease, nonalcoholic
steatohepatitis (NASH), and other non-viral, non-NASH
etiologies including autoimmune, hemochromatosis, and
cryptogenic (other). Liver disease characteristics included
MELD score calculated based on baseline laboratory
values rather than tumor exception points, baseline AFP
level, presence of hepatic encephalopathy, and presence
of ascites.

Tumor parameters were categorized by size of the
largest tumor, stage at diagnosis, portal vein involvement,
tumor grade (when tissue was available), and whether
HCC was within Milan criteria. Stage at diagnosis was
defined as unifocal, multifocal, or metastatic. Assessment
was performed regarding whether patients were diag-
nosed during active HCC surveillance.

Type of treatment was recorded including loco regional
therapy, resection, transplantation, chemotherapy,
or observation. Cause of death was categorized as
attributable to HCC (evidence of radiographic progression
in the last 3 mo of life), decompensated cirrhosis (evidence
of liver failure or complications of portal hypertension),
other, or unknown based on review of outpatient notes
within 1 mo of death, discharge summary, and hospice
documentation. Two physicians independently reviewed
cause of death categorization to ensure criteria stan-
dardization.

Statistical analysis

Patient characteristics were first summarized using mean
%+ SD for normally distributed continuous variables, median
and interquartile range for non-normally distributed
continuous variables, and percentages for categorical
variables. Analysis of variance was used to examine
mean differences by race for continuous variables with
regards to demographics, comorbidities, liver disease
etiology and characteristics, tumor parameters, and
treatment patterns. Two-sided 4 tests or Fishers’ exact
test (< 5 patients) were conducted to assess specific
pairwise differences by race (between Hispanics, African
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Americans, and Whites) for variables that showed sig-
nificant overall differences by race (P < 0.05). Further
analysis was not performed for groups including < 5
patients.

A Cox proportional hazard regression model was
developed to evaluate survival adjusted by demographic
and clinical factors, and a stepwise model was used
for variable selection. Variables approaching statistical
significance in univariate analysis (P = 0.10) and clinically
meaningful variables were included in a forward step-
wise selection. Potential confounders examined included
gender, race, insurance, stage at diagnosis, MELD at
diagnosis, Milan Criteria, receipt of locoregional therapy,
HCV, hepatic encephalopathy, metabolic syndrome,
diabetes, ascites, NASH, smoking history, and AFP level.
Only variables reaching statistical significance at 0.05
o level were retained in the final multivariable model.
Multivariable analysis rather than multivariate analysis
was conducted to best assess for multiple independent
variables and relationships while adjusting for potential
confounders™*¥,

The Kaplan-Meier method was utilized to estimate
survival distribution for two overall survival analyses, first
with inclusion of all patients, and second with exclusion of
liver transplant recipients. Overall survival was defined as
the interval between date of HCC diagnosis and date of
death due to any cause, or date of data censorship (June
6, 2013) for patients still alive.

All tests were two sided. Analysis was performed via
SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

Patient characteristics

One hundred and ninety-five patients with HCC were
identified for analysis, including 44 Hispanics, 61 African
Americans, and 90 Whites. Patient characteristics and
selected pairwise comparisons between races are sum-
marized in Table 1. Patients were predominantly male
(80.5%), White (46.1%), and had a median age of
59.7 years (range, 50.0-69.5) with 22% of patients
= 65 years old. The majority of patients had Medicare
or Medicaid insurance (61.5%) with a small group of
uninsured patients (4.1%).

The observed female to male ratio was 1:2.8 in the
Hispanic group, 4:5 in the African American group, and
1:2.5 in the White group, showing a higher proportion
of women in the Hispanic and African American groups (P
= 0.022). Among Hispanic patients, women presented
at an older age in comparison to men (respectively:
71.7 £ 6.5 years vs 59.4 £ 12.6 years; P = 0.0037).

Comorbidities and modifiable risk factors

Hispanic patients demonstrated a higher prevalence
of modifiable metabolic risk factors and comorbidities
than African Americans or Whites. In comparison to
African American and Whites, Hispanic patients had
more frequent diagnoses of diabetes (P = 0.0007; P =
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Table 1 Demographics, comorbid conditions and disease characteristics of hepatocellular carcinoma patients, by race

Patient characteristics Total (» = 195) Hispanic (# = 44) African-American (7 = 61) White (7 = 90) P
Demographics
Age (yr, mean + SD) 59.7+£9.8 62.5+12.5 58.7 £10.2 589177
Female (1, %) 38,19.5 11, 25.0 17,279 10,11.1 ‘HW, AW
Insurance (1, %)

Medicare/medicaid 120, 61.5 31,70.5 36,59.0 53,58.9

Private 67,34.4 12,273 22,36.1 33,36.7

None 8,4.1 1,23 3,49 4,44
BMI > 24.9 (1, %) 137,703 31,70.5 44,721 62, 68.9
Metabolic synclrome3 (n, %) 27,14.1 8,18.2 3,49 16,18.4 ‘HA, AW

Comorbid conditions
Hyperlipidemia (1, %) 31,254 16, 55.2 5,13.2 10, 18.2 "HW, HA
On dialysis (1, %) 7,3.6 5,11.4 0,0 2,23 "HNH?
Diabetes mellitus 2 (1, %) 91, 46.7 29, 65.9 19,31.1 43,47.8 *HA, AW
History smoking (1, %) 126, 65 16, 36.3 43,70.5 67,75.2 "HW, HA; "AW
Current smoker (1, %) 57,294 2,45 28,45.9 27,30.3 "HW, HA; AW
Triglycerides (median + SD) 99.5 £ 66.5 101.0£70.2 111.0 £ 64.7 80.5 + 65.8
History alcohol use (1, %) 163, 83.6 39, 88.6 50, 82 74,82.2

Cirrhosis characteristics
Etiology*

HCV (n, %) 132, 67.7 18,40.9 49, 80.3 65,72.2 "HW, HA

HBV (1, %) 14,81 2,5.0 8,14.3 4,52

ETOH (n, %) 55, 28.2 11, 25.0 15,24.6 29,32.2

NASH (n, %) 35,18.0 15,34.9 5,82 15,16.7 "HA, *HW

Other” (11, %) 22,11.3 11,25 2,33 9,11.3 0.056
MELD (median # SD) 11.0+4.6 11.5+44 9.0+3.1 12.0+5.1 *HA, "AW
AFP

Median (IQR) 224 (6.1-217.2) 19 (5.9-434.85) 82 (11.9-434.8) 12 (5.0-53.2)

AFP > 200 49,25.1 12,27.3 22,36.1 15,16.7 *HA, "AW
Hepatic encephalopathy (1, %) 65,33.3 16, 36.4 8,13.1 41,45.6 *HA, "AW
Ascites (11, %) 80, 44.5 23,54.8 14, 26 43,51.2 HW, HA, AW
HCC surveillance performed (1, %) 113, 61.1 27,65.9 31,51.7 55, 65.5

Tumor parameters
Tumor size (cm)

Median (£ SD) (IQ range) 3.0 £3.7 (2.0-6.0) 3.0+3.9 (2.0-5.0) 3.0 +3.6 (2.0-6.0) 3.0 £3.7 (2.0-6.0)
>5cm (1, %) 43,269 8,222 14,28.6 21,28
Median > 5 cm (+ SD) (IQ range) 8.0+4.0(6.0-12.0)  13.0+3.4 (7.5-13.0) 9.5+3.1(6.0-11.0) 7.0+4.7 (6.0-8.0)
Stage at diagnosis (11, %) 99, 52.1 20,45.5 30, 50.8 49,56.3
Unifocal 77,40.5 21,47.7 25,424 31,35.6
Multifocal 14,74 3,68 4,68 7,8.0
Metastatic 29,24.2 9,333 9,231 11,20.4
Portal vein involvement (11, %) 35,47.9 6,54.5 13,54.2 16,42.1
Poorly differentiated within milan 121, 62.1 28, 63.6 36,59.0 57,63.3

criteria (1, %)

'P values from 4 tests (two-sided) and fischer for overall race effect followed by pairwise comparisons, for P < 0.05. A significance level of 0.05 was used for
the overall race comparisons. °P < 0.05, °P < 0.001, P values were not calculated for 1 < 5; *Given 1 < 5 for AA (n = 0) and W (1 = 2), limited statistical tests for
Hispanic to non-Hispanic with P = 0.0074; *Metabolic syndrome: Three of the following five traits per adult treatment panel Tl guidelines. Abdominal obesity,
defined as a waist circumference in men = 102 cm (40 in) and in women = 88 cm (35 in): (1) serum triglycerides = 150 mg/dL (1.7 mmol/L) or drug treatment
for elevated triglycerides; (2) serum HDL cholesterol < 40 mg/dL (1 mmol/L) in men and < 50 mg/dL (1.3 mmol/L) in women or drug treatment for low
HDL-G; (3) blood pressure = 130/85 mmHg or drug treatment for elevated blood pressure; (4) fasting plasma glucose (FPG) = 100 mg/dL (5.6 mmol/L) or
drug treatment for elevated blood glucose; ‘Some patients with more than one listed etiology of cirrhosis; *Other: Cryptogenic, hemochromatosis, autoimmune,
other not specified. H: Hispanics; A: African Americans; W: Non-Hispanic Caucasians; SD: Standard deviation; IQ: Percentile interquartile range (25%, 75%);
HW: Hispanics compared to Whites; HA: Hispanics compared to African Americans; AW: African Americans compared to Whites; HNH: Hispanics compared
to non-Hispanics; BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis; HCC: Hepatocellular
carcinoma.

0.0648; P = 0.0019 on initial 7> analysis, see appendix use.

A), hyperlipidemia (P = 0.0004; P = 0.001), and end Among Hispanics, women trended towards a higher
stage renal disease requiring dialysis (P < 0.0001), and frequency of metabolic syndrome compared to men
were less likely to have a smoking history (P < 0.0001). (36.4% vs 12.1%, P = 0.09).

In comparison to African Americans, Hispanic patients

were more likely to meet criteria for metabolic syndrome Liver disease characteristics

(P = 0.0491). The three racial groups were similar with Etiology and liver disease features in Hispanic patients
regards to age at presentation, insurance status, other differed from African Americans and Whites. NASH cirrhosis
comorbidities including BMI > 24.9 and history of alcohol was significantly more common in Hispanics compared to
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Table 2 Treatment patterns for non-metastatic patients at diagnosis: First line treatment patterns for non-metastatic patients by race

First line treatment characteristics

Surgery 2 0,0
Liver directed 154 38,92.7
Chemotherapy 6 1,24
Observation 6 0,0
Lost to follow-up 7 2,49

Total (7 = 176)"' Hispanic (7 = 41) (11, %) African American (7 = 55) (1, %) White (7 = 80)' (n, %) P*
2,3.6 0,0
48, 87.2 68, 85
2,3.6 3,38
1,18 4,5
2,3.6 4,5

'One patient missing information; *P values from z” tests (two-sided) and fischer for overall race effect followed by pairwise comparisons, for P < 0.05. A

significance level of 0.05 was used for the overall race comparisons.

Table 3 Treatment patterns for non-metastatic patients at diagnosis: Transplantation patterns by race

Transplantation patterns Total listed Hispanic African American White P
Met milan criteria 121 28 36 57
Transplanted 34',1.4% 10,35.7% 6,16.7% 18',31.6%
Listed 68 20 17 31
Tumor exception points 33,48.5% 10, 50% 6,35.3% 17, 48.4%
Transplanted 38',55.9% 10, 50% 6,35.3% 22!, 71%" AW
Removed from list 28,41.1% 9,45% 11, 64.7% 8,25.8% AW
Death 7 3 0 4
Progression 10 3 5 2
Transfer of care B 2 2 1
Other B 1 4 0

'Four patients initially outside of Milan criteria, subsequently listed and transplanted after reassessment and locoregional treatment; P values from y*
tests (two-sided) and fischer for overall race effect followed by pairwise comparisons, for P < 0.05. A significance level of 0.05 was used for the overall race
comparisons. °P < 0.05; °P < 0.001. P values were not calculated for n < 5. AW: African American compared to Whites.

African Americans and Whites (P < 0.0001; P = 0.026)
while HCV cirrhosis was less common in Hispanics (P
< 0.0001). There was a trend towards more non-viral,
non-NASH cirrhosis etiologies in the Hispanic patients
compared to other groups (P = 0.056).

Hispanic patients with HCC showed more evidence
of advanced liver disease. In comparison to African
Americans and White, ascites was more common in
Hispanics (P = 0.006; P = 0.042). Hispanic patients
presented with higher median MELD scores (P = 0.0159)
and more hepatic encephalopathy (P = 0.0087) than
African Americans. Median AFP levels were similar
among groups, although Hispanic and African Americans
demonstrated more variability in AFP based on inter-
quartile range, and Hispanics were more likely to have
AFP > 200 IU/mL in comparison to Whites (P = 0.035).

Among Hispanics, women had a lower prevalence
of alcoholic cirrhosis compared to men (0% vs 37.93%,
P = 0.0186), while the prevalence of HCV cirrhosis was
similar by gender.

Tumor parameters

The three groups demonstrated similar frequency of HCC
diagnosis made during active surveillance, and similar
tumor parameters at presentation including stage at
diagnosis, tumor size, tumor differentiation, presence of
portal vein invasion, and transplant eligibility via Milan
criteria at diagnosis (Table 1).

HCC treatment patterns

While median time from HCC diagnosis to time of last
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follow-up was similar among groups, median time from
HCC diagnosis to time of first treatment was longer for
African Americans in comparison to both Hispanics and
Whites (median time to first line treatment; Hispanics
25.0 d (IQR 7.0-34.0 d); African Americans 39.0 d (IQR
17.0-70.0 d), Whites 32.5 d (IQR 13.0-64.0 d, P = 0.0373).

As shown in Table 2, the use of loco regional therapy
(chemoembolization and radiofrequency ablation) for
non-metastatic HCC was similar among racial groups
(P = 0.1168). The vast majority of patients (87.5%)
received loco regional therapy as their initial treatment,
while the remaining 12.5% of patients received other
initial treatments including chemotherapy, resection, or
observation. P values are not reported for the remaining
12.5% due to small numbers of patients per individual
group, by race.

There was no difference in HCC presentation within
Milan Criteria, listing for transplant, receipt of tumor
exception points, or liver transplantation for patients
meeting Milan Criteria among the three ethnic/racial
groups (Table 3). However, once listed, African Americans
were more frequently removed from the transplant list
due to HCC progression and death (64.7% vs 25.8%, P =
0.0084) and were less likely to receive liver transplantation
(35.3% vs 71%, P = 0.0165) compared to Whites.
Hispanics did not differ significantly from Whites or African
Americans with regard to being transplanted once listed,
or removed from the list (Table 3).

Overall survival
Forty-nine of the 195 patients died from all causes during
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Figure 1 Unadjusted survival curve stratified in patients with hepato-
cellular carcinoma by race from time of presentation to time of death or
censorship (with numbers of subject at risk). Hispanic (n = 44), African
American (n = 61), Whites (n = 90). P-value was obtained by the log-rank test.

the study period (Hispanic n = 9; African American n
=15; Whites n = 25). The median follow-up for the entire
cohort was 563 d and was similar among racial groups. In
a multivariable analysis examining possible confounders,
three variables were identified as independently related
to survival including HCV, metabolic syndrome, and race.
However, when all three variables were entered in a
stepwise fashion for model building, only race was found
to be predictive of survival.

Hispanic patients appeared to have poorer survival
compared to both African American and Whites (log-
rank test for overall differences by race: P = 0.0220)
(Figure 1). The hazard ratio for death was 1.52 (95%CI:
0.354, 1.223), for Hispanics in comparison to African
Americans and 1.36 (95%CI: 0.739-2.511), for Hispanic
in comparison to Whites. After excluding patients who
underwent liver transplantation, a second multivariable
model adjusting for the factors mentioned above con-
firmed that Hispanics with HCC had the highest mortality
rate (log-rank test for overall differences by race: P =
0.0029) (Figure 2). Cause of death was similar for all
groups for cases in which the cause of death could be
discerned (Figure 3), with similar frequency of death due
to HCC (n = 11) vs liver cirrhosis (n = 19) vs other (n =
11) in Hispanics, African Americans, and Whites.

DISCUSSION

Hispanics with HCC had significantly shorter survival in
comparison to both African American and Whites, with
race as the only independent predictor of survival in
multivariable analysis. This observation is consistent with
previous studies showing that Hispanic ethnicity was an
independent risk factor for HCC-related mortality, with
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Figure 2 Overall survival curves by race after exclusion of patients who
underwent orthotopic liver transplantation (with numbers of subjects at
risk). Hispanic (n = 34), African American (n = 55), Whites (n = 69). P-value
was obtained with the use of the log-rank test.

shorter 5 year survival®'” in Hispanic patients with HCC
compared to White and Asian counterparts, and higher
mortality rates in Hispanics aged 50-64"',

A substantive body of prior research has shown
that health disparities, barriers to care, socioeconomic
characteristics, and later diagnosis of more advanced
malignancy impact on survival in minority groupst*®*#,
An important contribution of the current study was that
we found no evidence that reduced survival in Hispanics
with HCC was related to differences in access to care;
groups were similar with regard to insurance status,
age at diagnosis, HCC diagnoses made during active
surveillance, and tumor parameters at presentation
including stage and tumor grade at diagnosis.

Little is known about features of patients with HCC
that might contribute to disparate outcomes by race. Data
from the current study shows important and intriguing
differences in HCC presentation and disease characteristics
for Hispanics. Characteristics that distinguished Hispanic
patients included significantly higher rates of comorbidities
and modifiable risk factors for liver disease such as dia-
betes, hyperlipidemia, metabolic syndrome, as well as a
greater prevalence of NASH and ESRD. Hispanics also had
evidence of more advanced liver disease with higher rates
of ascites than African Americans and Whites and higher
MELD scores and more hepatic encephalopathy than
African Americans.

The clinical correlates of HCC in Hispanics provide
a context to consider potential causes for the shorter
overall survival in Hispanics. Patients with HCC are at
risk for complications and mortality from cirrhosis, HCC,
and other comorbidities. Consistent with prior studies,
we found that Hispanic patients had higher rates of
comorbidities including metabolic syndrome!*®*? and
ESRD™"*I, Our data builds on existing literature by
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Figure 3 Distribution of cause of death in patients with hepatocellular
carcinoma by race. There was no difference in HCC (P = 0.1051), cirrhosis
(P =0.6162), or other (P = 0.0581) as cause of death between Hispanics,
African Americans, and White. 'Cause of death other includes: Immediate
complications post liver transplant (n = 3), sepsis (n = 3), complications from
second malignancy (n = 2), cardiogenic shock (n = 1), PEA (n = 1), intracerebral
hemorrhage (n = 1). Of Hispanic patient (n = 4), immediate complications post
liver transplant (n = 2), cardiogenic shock (n = 1), complications from a second
malignancy (n = 1). Fischers pairwise comparison not performed due to n < 5
per group. HCC: Hepatocellular carcinoma.

showing that these differences persist in patients with
HCC. Moreover, metabolic disease might contribute to
the development of HCC and to poorer outcomes in
Hispanics. There is increasing evidence that diabetes
and obesity are individually associated with significant
risk of HCC development'®**®, and Hispanics appear to
demonstrate a stronger association between diabetes
and HCC compared to non-Hispanics™®”. A longitudinal
study reported that diabetic Hispanics had a 3.3 x higher
risk of HCC development compared to non-diabetic
Hispanics, and that there was a 2.17 x higher risk of
HCC for diabetic non-Hispanics compared to non-diabetic
counterparts®®®,

In addition to higher rate of comorbidities and mo-
difiable risk factors, Hispanics had more complications of
portal hypertension and compared to African Americans
had higher MELD scores at presentation, indicating
more advanced liver disease. This is consistent with
national data reporting a higher prevalence of chronic
liver disease, more advanced disease features at pre-
sentation, and higher liver disease related mortality in
Hispanics™®=4, Although chronic liver disease is the 6™
most common cause of death in Hispanic populations in
2010 per the United States National Center for Health
Statistics data, it is not within the top ten causes of death
for African American or White populations. Mortality
rates from chronic liver disease are almost 50% higher
in Hispanics than non-Hispanics™?. One potential explana-
tion may be that increased comorbidities in Hispanics
could contribute to higher chronic liver disease mortality.
Recent SEER data found parallel mortality trends for
diabetes, chronic liver disease, and HCC by state; states
with high HCC mortality also demonstrated elevated
mortality rates for diabetes and liver disease, including
cirrhosist*®. Racial/ethnic biologic differences in cirrhosis
pathogenesis might also contribute; Hispanics with HCV
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appear at significantly higher risk for cirrhosis and HCC
development compared to non-Hispanic Whites and
African Americas, independently of BMI, diabetes, HCV
treatment and genotype!®, Additionally, Hispanics with
HCV cirrhosis showed lower median time to cirrhosis at a
younger age™", and higher rates of cirrhosis mortality for
Hispanics in both the United States and Mexico™". The
finding of higher rates of ESRD in Hispanics in the current
study is consistent with prior literature reporting higher
incidence of ESRD in Hispanics than non-Hispanics, and
a higher risk of kidney failure despite similar prevalence
of stage 3 and 4 chronic kidney disease®>*****%!, Renal
failure is associated with increased risk of mortality in
patients with cirrhosis™”. It is intriguing that Hispanics
carry a disproportionate burden of ESRD and cirrhosis
severity and incidence, although ESRD did not inde-
pendently predict shorter survival in our study.
Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in the United
States®®*“*% and is increasingly being recognized as an
important cause of cirrhosis and HCC*" with higher
prevalence in Hispanics compared to non-Hispanic*”.
Recent data also suggest NAFLD's role in hepatocar-
cinogenesis in the absence of cirrhosis!*®’. NASH com-
prises a subgroup of NAFLD with hepatocyte injury
and inflammation, and is considered to be the hepatic
manifestation of the metabolic syndrome. In the
current series, NASH was the second leading cause
of liver disease in Hispanics with HCC, accounting for
34% of cases. Consistent with prior studies, we found
Hispanics demonstrated notable differences in cirrhosis
etiologies compared to non-Hispanics, including higher
rates of NASH™** and autoimmune cirrhosis*”, and
lower incidence of HCV cirrhosis!*’. Additionally, we
observed that NASH was particularly prevalent in
Hispanic women compared to Hispanic men (72.7%
vs 21.9%). Although the risk of HCC development in
NAFLD is lower than with HCV!*”}, NASH is poised to
become the primary etiology for cirrhosis and HCC in
developed countries over the next decade. One new
observation from our study is that Hispanics and Whites
with HCC had similar rates of diabetes and metabolic
syndrome, although Hispanics had more NASH cirrhosis
and hypertriglyceridemia. This suggests that Hispanics
may have differences in NAFLD progression, NASH patho-
genesis and a greater susceptibility towards cirrhosis.
A role for biologic differences in cirrhosis pathogenesis
and hepatocarcinogenesis unique to Hispanics has
been suggested by prior studies demonstrating that
Hispanic patients with NASH, NAFLD, and hepatitis C**
demonstrate more fibrosis and higher rate of aminotran-
sferase abnormalities in comparison to other ethnic
groupst***®, The high prevalence of metabolic disease
and NASH in Hispanics with HCC has a critically important
implication. Early identification of Hispanics with risk
factors for NASH and intervention to modify metabolic
risk factors could have a major impact on reducing the
development of HCC in Hispanics. Specifically, elimination
of diabetes and metabolic syndrome could significantly
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decrease HCC incidence across all ethnic groups, but
with largest reduction in Hispanics. Additionally, targeted
HCC screening for Hispanics with metabolic syndrome,
diabetes, and NASH risk factors for NASH could also
improve diagnosis, timely treatment, and survival for
Hispanics with HCC.

The retrospective design of the current study made it
difficult to assess whether reduced survival in Hispanics
with HCC was related to increased mortality from com-
plications of cirrhosis, HCC, or comorbid conditions. It
is likely that synergy between biologic, genetic, and
environmental factors may contribute to racial differences
in cirrhosis pathogenesis, HCC development, and survival.
Recent proteomic and tissue microarray studies have
demonstrated racial and regional differences in molecular
pathogenesis of cirrhosis and HCC, including variations of
molecular signatures for HCV induced HCC®"! unique to
African Americans compared to Whites, down-regulation
of p53 and MDM2 in Americans compared to South
Koreans®, higher prevalence of PNPLA3 polymorphisms
associated with high NAFLD susceptibility and worse
survival in Hispanics™ and greater expression of genetic
polymorphisms predisposing towards higher NASH se-
verity in Hispanics compared to non-Hispanics™. Genetic
and biologic differences are associated with susceptibility to
increased fibrosis and inflammation in NAFLD, NASH and
HCV, influencing more aggressive cirrhosis progression
and hepatocarcinogenesis!**>>**, Racial and ethnic
differences modulating insulin resistance have also been
identified; compared to non-Hispanics, Hispanics express
a higher frequency of an insulin receptor gene regulator
(high-mobility group AT-hook, or HMGA1) associated with
higher BMI, lower HDL, and type 2 diabetes™”. While
our study did not include biologic correlates, given the
paucity of Hispanic specific information, studies comparing
Hispanic tumor and cirrhosis samples to other multi-
ethnic HCC and cirrhotic cohorts are necessary to better
understand ongoing racial disparities in HCC and cirrhosis
mortality and progression.

Despite being one of the largest single institution
studies of HCC in Hispanics, African Americans and
Whites, the major limitation of the present study was
the retrospective design. The study identified important
clinical factors associated with HCC in Hispanics. However,
it was unable to discern the cause of reduced overall
survival in Hispanics with HCC. Moreover, single center
data might not be applicable to all Hispanic populations.
Prospective studies with molecular analyses are needed
to determine the relative contributions of co-morbidities,
cirrhosis, HCC and biologic correlative information to the
reduced overall survival in Hispanics.

In conclusion, the current study provides important
new insights into clinical factors distinguishing Hispanics
with HCC. Hispanics with HCC present with a higher
prevalence of modifiable metabolic risk factors, more
advanced liver disease, and shorter survival compared
to African Americans and Whites. Increased mortality in
Hispanics with HCC may be explained by compounding
risk from metabolic comorbidities, NASH cirrhosis, and
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unigue biologic gene-environment interactions influencing
higher susceptibility towards NAFLD development, and
more aggressive cirrhosis progression and hepatocar-
cinogenesis. Further dlinical, epidemiologic, and molecular
data are necessary to determine the relative con-
tributions of modifiable comorbidities such as diabetes,
hyperlipidemia, metabolic syndrome, and NASH to HCC
pathogenesis in Hispanics. Development of prospective
multi-institutional HCC databases with specimen sharing
is essential. There is an additional need for prospective
case controlled studies, and therapeutic clinical trials
with proportional representation of Hispanics to assess
the impact of modifying comorbidities such as metabolic
syndrome, hyperlipidemia, ESRD, diabetes, and NASH
through lifestyle and medical management upon cirrhosis
and HCC progression in Hispanic and non-Hispanics.
Identification of clinical factors associated with HCC in
Hispanics provides direction for public health efforts at
HCC prevention through intervening on modifiable risk
factors, targeted HCC screening for high risk ethnic
populations, and more timely HCC treatment and mana-
gement in this population.
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Abstract

AIM
To evaluate the prognostic value of the phase angle (PA)
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obtained from bioelectrical impedance analysis (BIA)
for mortality prediction in patients with cirrhosis.

METHODS

In total, 134 male cirrhotic patients prospectively com-
pleted clinical evaluations and nutritional assessment
by BIA to obtain PAs during a 36-mo follow-up period.
Mortality risk was analyzed by applying the PA cutoff
point recently proposed as a malnutrition marker (PA
< 4.9°) in Kaplan-Meier curves and multivariate Cox
regression models.

RESULTS

The patients were divided into two groups according to
the PA cutoff value (PA > 4.9°, 7 = 73; PA < 4.9°,n =
61). Weight, height, and body mass index were similar
in both groups, but patients with PAs > 4.9° were
younger and had higher mid-arm muscle circumference,
albumin, and handgrip-strength values and lower severe
ascites and encephalopathy incidences, interleukin
(IL)-6/IL-10 ratios and C-reactive protein levels than
did patients with PAs < 4.9° (P < 0.05). Forty-eight
(35.80%) patients died due to cirrhosis, with a median
of 18 mo (interquartile range, 3.3-25.6 mo) follow-up
until death. Thirty-one (64.60%) of these patients were
from the PA < 4.9° group. PA < 4.9° significantly and
independently affected the mortality model adjusted for
Model for End-Stage Liver Disease score and age (hazard
ratio = 2.05, 95%CI: 1.11-3.77, P = 0.021). In addition,
Kaplan-Meier curves showed that patients with PAs <
4.9° were significantly more likely to die.

CONCLUSION

In male patients with cirrhosis, the PA < 4.9° cutoff was
associated independently with mortality and identified
patients with worse metabolic, nutritional, and disease
progression profiles. The PA may be a useful and reliable
bedside tool to evaluate prognosis in cirrhosis.

Key words: Bioelectrical impedance analysis; Body
composition; Phase angle; Nutritional assessment; Liver
disease; Cirrhosis; Mortality

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article provides original data displaying
the good performance of the phase angle (PA) obtained
by bioelectrical impedance analysis in the evaluation of
mortality prognosis in patients with cirrhosis. The findings
suggest that the PA is a safe, practical, and inexpensive
tool for the prediction of mortality potentially associated
with malnutrition.
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INTRODUCTION

Liver transplantation (LT) is the best option for patients
with advanced cirrhosis, but its clinical application is often
limited by the low availability of organ donors, risk of
organ rejection, and implied high cost!". Consequently,
the control and treatment of cirrhosis-associated com-
plications remains the mainstay for this population.
Malnutrition is a major complication often observed in
patients with cirrhosis, and it has been associated with
more severe disease, the manifestation of other cirrhosis-
associated complications, and mortality™®. Early diagnosis
of malnutrition in patients with cirrhosis is important for
prompt management and to improve quality of lifet*”’,

In general, ascites, edema, and other chronic liver
disease-associated complications (i.e., altered immuno-
competence, decreased protein synthesis, and renal
failure) can impair the performance of traditionally applied
criteria for nutritional assessment (NA)®!. Consequently,
weight loss, anthropometric measurements, the crea-
tinine-height index, nitrogen balance, lymphocyte count,
and serum albumin, transferrin, prealbumin, and retinol-
bound protein levels should be interpreted with restric-
tions when assessing the nutritional status of cirrhotic
patients’. In this scenario, a gold standard NA method
is required for the proper diagnosis of malnutrition in this
patient population!*®*?,

The phase angle (PA) obtained from bioimpedance
analysis (BIA) has been proposed as a nutritional status
marker, with low values associated with malnutrition
and nutritional risk at the time of hospital admission™®..
The PA reflects the relationship between the resistance
component (R), meaning tissue opposition to the pass-
age of electric current, and reactance (Xc), meaning the
resistance effect produced by the interface of tissues
and cell membranes*”. A main advantage of the use of
PA is that it can be applied even under unstable tissue
hydration conditions, such as edema and ascites!'®.,

By potentially reflecting malnutrition, the PA can be a
useful prognostic marker in several clinical settings***#*,
As with any biological marker, the PA is influenced by
the specific characteristics of each clinical population
and may vary according to sex and age. Thus, specific
PA reference and cutoff values have been proposed to
establish prognoses for different diseases!'®'8263034,
Recently, the 4.9° PA value was identified as the best
cut-off for malnutrition associated to disease severity of
patients with liver cirrhosis and shown to have important
prognostic value for malnutrition-associated mortality in
this patient population®®”..

In this study, we aimed to test whether this PA
cutoff (< 4.9°) had prognostic value for mortality in a
population of patients with cirrhosis of different ethnicity
than used for its initial identification.
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MATERIALS AND METHODS

Patients

This study included 134 male patients with biopsy-
proven cirrhosis who were recruited prospectively from
the Digestive Tract Surgery Service at the Hospital das
Clinicas of the University of Sdo Paulo Medical School
between January 2012 and December 2014. Exclusion
criteria were alcohol abuse; human immunodeficiency
virus positivity; cancer diagnosis, acute liver failure, or
chronic or acute disease of the lung, kidney, or heart;
previous LT; orthopedic prosthesis use; and dementia.
All patients provided written informed consent before
trial participation.

Protocol design

Our protocol was designed to determine whether the PA
has prognostic value for mortality in male patients with
cirrhosis, by considering the PA cutoff point proposed
by Ruiz-Margaina et al®® (PA < 4.9°) as a malnutrition
marker. All recruited subjects were instructed to refrain
from excessive physical activity, diuretic use, and alcohol
consumption for 24 h before the assessment, which
was performed in a 4-h fasting state®®®. Demographic
data were recorded for all subjects. Death events
were recorded for all patients with cirrhosis during the
36-mo follow-up period. A single trained technician
performed all study procedures according to the ethical
standards of the Declaration of Helsinki of the World
Medical Association. All procedures were approved by
the Institutional Ethics Review Board (0646/11) and
registered at www.clinicalTrials.gov (NCT02421848).

Demographic and clinical data collection

The following demographic, clinical, inflammatory, and
anthropometric data were collected: Age, liver cirrhosis
etiology, Child-Pugh and Model for End-Stage Liver
Disease (MELD) scores, presence of severe ascites,
presence of encephalopathy, interleukin (IL)-6/IL-10
ratio, C-reactive protein (CRP) level, body weight and
height, body mass index (BMI), non-dominant handgrip-
strength (ND-HGS), and mid-arm muscle circumference
(MAMC). Body weight was measured with the participant
standing in the center of a single electronic scale platform
(ADP; BOD POD™ BC system device; Life Measurement
Instruments, Concord, CA, United States) while barefoot
and wearing only light clothes™”. Height was measured
with a single stadiometer (Sanny, Sao Paulo, SP, Brazil)
with the individual standing barefoot with the heels
together, back upright, and arms extended next to the
body™®. BMI was calculated as weight divided by height
squared (kg/m?). ND-HGS was measured using a digital
dynamometer (Charder Co. Ltd., Taichung City, Taiwan),
as described previously®®). Arm circumference (AC)
was measured around the mid-upper arm, between
the shoulder and elbow, using a flexible tape. Triceps
skinfold thickness (TST) was assessed and MAMC was
calculated using the formula: MAMC = AC (cm) =t X [TST
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(mm)/10].

Phase angle estimation

The PA was assessed by whole-body BIAM at 50 kHz
(Bodystat 4000 model; Bodystat Ltd., Douglas, Isle of
Man, British Isles) with APEX software (version 4.02;
Hologic Inc., Bedford, MA, United States). Participants
removed all metal objects and other items that might
interfere with the scan and were instructed to empty
the bladder. Each participant was positioned supine in
the center of the scanning table with the palms down
and the arms beside the body. His age, height, weight,
sex, and ethnicity were entered into the computer. The
PA value was calculated as PA = arc tangent Xc/R x
180/x. Patients were grouped according to PA value (PA
> 4.9°, PA < 4.9°),

Survival

Death events were assessed by telephone calls at the
end of the study period. Only deaths related directly to
cirrhosis complications were counted. The prognostic
value of the PA for mortality prediction was evaluated
in mortality models adjusted for variables potentially
impacting nutritional status and/or cirrhosis severity
(age, Child-Pugh and MELD score)®****4, A longitudinal
analysis of mortality was used to assess the prognostic
value of malnutrition.

Sample size

The sample size required to analyze the prognostic
value of the PA for mortality was calculated using the G
Power software package (version 3.1.9.2; Heinrich Heine
University, Dusseldorf, Germany). A sample size of 134
patients was obtained from a Cox proportional-hazards
regression model, considering a significance level of
5% and rate of 36% at 36 mo of follow-up, with 80%
power to detect a hazard ratio (HR) of 2.50 for mortality
prediction.

Statistical analysis

Survival probabilities were estimated by the Kaplan-Meier
method, compared using the log-rank test, and estimated
in terms of the failure rate according to independent and
multiple models of Cox proportional hazards. The mortality
models included PA values and were adjusted for MELD
score and age. Data were expressed as means + SDs,
medians, interquartile ranges (IQRs; 25"-75" percentile),
or percentages, depending on the normality of distribution
and type of variable. Data were analyzed using the R
software package (version 3.1.3, 2015; R Core Team,
Vienna, Austria) and a significance level of 5%.

RESULTS

Patient characteristics
A total of 134 patients (mean age, 54.30 + 10.10 years)
with cirrhosis of different etiologies (59.80% alcoholic,

March 8,2017 | Volume 9 | Issue 7 |



Belarmino G et a/. Phase angle independently predicts mortality in cirrhosis

Table 1 Baseline characteristics and body composition of patients with cirrhosis

Variable PA > 4.9° (n = 73) PA < 4.9° (n = 61) Total (n = 134) P value®
Age (yr) 52.10 + 9.80 56.90 + 9.80 54.30 +10.10 0.005"
Weight (kg) 76.60 +13.10 76.40 +15.30 76.50 +14.10 0.919'
Height (m) 1.70£0.10 1.70£0.10 1.70£0.10 0.536'
Child Pugh A (%) 25 10 18

Child Pugh B (%) 45 65 55

Child Pugh C (%) 30 25 27 0.031°
Model for end-stage liver disease score 1341511 14.95 + 4.65 14.11+£4.95 0.073°
Severe ascites (%) 10.00 29.00 18.20 0.016
Encephalopathy (%) 40.00 60.00 50.00 0.044°
Body mass index (kg/m’) 26.70 +4.10 26.40 + 5.00 26.60 + 4.50 0.683"
Mid-arm muscle circumference (cm) 25.80 £3.20 23.20 £3.10 24.70 +3.40 <0.001"
Handgrip strength (kg) 31.80 + 7.00 24.40 + 8.90 28.60 +8.70 <0.001"
IL-6/1L-10 ratio (pg/mL) 1.10 (0.51; 2.35) 1.29 (0.71; 4.68) 1.17 (0.58; 2.68) 0.086”
C-reactive protein (mg/dL) 0.88 (0.42; 1.96) 1.20 (0.60; 4.72) 1.09 (0.54; 2.62) 0.030”
Albumin (g/dL) 3.90 (3.40; 4.30) 3.50 (2.90; 3.80) 3.60 (3.20; 4.20) 0.002*

PA > 4.9° vs PA < 4.9% 'Student’s t test; "Mann-Whitney test; % test. Data are presented as mean = SD (confidence interval), or percentage. PA: Phase

angle; IL: Interleukin.

Table 2 Mortality estimates for patients with cirrhosis from a
multiple Cox regression model

Variable HR (95%CI) P value
Age (yr) 1.03 (1.00, 1.06) 0.042
MELD score 1.10 (1.05, 1.16) 0.001
Phase angle 50 kHz (< 4.9°) 2,05 (1.11,3.77) 0.021

P values for independent Cox regression models refer to three models
explained by age, MELD score, and phase angle. HR: Hazard ratio; MELD:
Model for end-stage liver disease.

20.10% viral, 10.40% cryptogenic, and 9.70% other),
presenting as 17.90% Child A, 54.50% Child B, and
27.60% Child C and with a mean MELD score of 14.11
+ 4.95, were enrolled in the study. Of these patients,
73 (54.48%) were assigned to the PA > 4.9° group and
61 (45.52%) were assigned to the PA < 4.9° group.
Weight, height, and BMI were similar in both groups, but
patients from the PA > 4.9° group were younger and had
higher MAMC, albumin, and ND-HGS values and lower
severe ascites and encephalopathy incidences, IL-6/1L-10
ratios, and CRP levels than did patients from the PA < 4.9°
group (Table 1).

Prognostic value of malnutrition, identified by the phase
angle

The mean follow-up duration was 25 mo (median, 32.1
mo). Of the 134 patients included in the mortality pre-
diction analysis, 48 (35.80%) died due to cirrhosis, with
a median of 18 mo (IQR, 3.3; 25.6 mo) of follow-up until
death. Thirty-one (64.60%) patients who died were from
the PA < 4.9° group.

The Child-Pugh score had no significant effect in the
initial mortality model and was not included in the final
model (Table 2). PA values << 4.9° significantly affected
the mortality model adjusted for MELD score and age
(HR = 2.05, 95%CI: 1.11-3.77, P = 0.021). In addition,
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Figure 1 Kaplan-Meier survival curves for 134 patients with cirrhosis,
obtained using cutoff scores based on phase angle obtained by bioelectrical
impedance analysis (PA < 4.9° n=61; PA> 4.9° n=73). PA: Phase angle.

the mortality prediction was not influenced by MELD or
age. Patients from the PA < 4.9° group were significantly
more likely to die, as demonstrated by Kaplan-Meier
curves (Figure 1). In the median follow-up period of
18 mo, the incidence ratios of death were 27.10% for
patients from the PA << 4.9° group and 9.90% for those
from the PA > 4.9° group.

DISCUSSION

Although malnutrition implies a poor prognosis for patients
with cirrhosis, its diagnosis has been masked in this
population due to the unavailability of a clinically acces-
sible method that is not affected by edema and/or
ascites™, The PA is not affected by hydric changes and
was recently proposed as a good tool for malnutrition
diagnosis in patients with cirrhosis, with a cutoff value
of < 4.9°"%, Here, we showed that PA < 4.9° predicted
mortality in male cirrhotic patients, in a model adjusted
for age and MELD score.
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We identified four studies evaluating the prognostic
value of the PA in Brazilian (n = 2), German, and, more
recently, Mexican patients with cirrhosis. These studies
showed that PA cutoff values of 5.18° 5.44°, 5.4° and 4.9°,
respectively, were related to disease severity and even
mortality, when controlling for age and other nutritional
variables™**®*>*1 Here, we applied the PA cutoff value
proposed recently by Ruiz-Margdin et a/l® (< 4.9°),
which was further used to establish malnutrition with
good prognostic value for mortality in a cohort of Mexican
cirrhotic patients.

In our study, the prognostic value of this PA cutoff
was tested in mortality models adjusted for age and
MELD score, as the main markers of PA performance and
disease severity, respectively. Age has been proposed
as the main indicator for PA determination in women
and men, and the MELD score has been considered a
good predictor of short-term mortality in patients with
cirrhosis™>*4,

The Child-Pugh score was added to our initial mortality
model because it may reflect the progression of liver
damage and indirectly detect metabolic changes that
may influence the prognosis of the disease!*. However,
it had no significant effect on mortality prediction.
Notably, the MELD score has been validated as a
good predictor of the survival of adult patients on the
LT list, and has been found to better predict short-
term results than does the CP score!**. This difference
in performance may explain the significant value of
the MELD score, and not the CP score, for mortality
prediction in our initial model. Data from the final
mortality model support the prognostic value of PA <
4.9°, as it was associated independently with mortality.
Furthermore, our HR for mortality was similar to that
reported by Ruiz-Margain et al**.,

Results from some studies suggest that malnutrition
is related strongly to mortality and cirrhosis-related
complications™**#?7543%1 Despite evidence suggesting
the utility of the PA as a nutritional marker, its validity
has been questioned. According to our data, the PA <
4.9° cutoff was able to identify patients with significant
changes in inflammatory and nutritional markers highly
indicative of catabolism and malnutrition (i.e., increased
IL-6/IL-10 ratio and CRP level and decreased albumin
level and HGS, a relevant marker of muscle loss asso-
ciated largely with poor prognosis in cirrhosis). The
notably increased mortality rate observed in our patients
with PAs < 4.9° may be associated closely with the
deleterious effects of malnutrition.

PA values change in response to nutritional inter-
ventions, with greater sensitivity than achieved with
other nutritional markers™*, Thus, even if the PA cannot
actually represent the nutritional status of a patient, it
seems to adequately reflect minimal changes in this
clinical variable. In this scenario, the PA could be applied
for nutritional monitoring of patients for whom the risk
of malnutrition could significantly influence clinical out-
comes. For instance, the incidences of severe ascites and
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encephalopathy complications were significantly higher
among patients with PAs < 4.9° than among those with
PAs above this cutoff in our study, in response to the
metabolic consequences of the disease.

Patients with cirrhosis often display circulatory
dysfunction with portal hypertension, leading to vaso-
dilatation of splanchnic vessels and favoring decreased
peripheral resistance and effective central blood volume,
with consequent arterial hypotension and hyperdynamic
circulation. These abnormalities result in the activation of
vasoconstrictor systems through the renin-angiotensin-
aldosterone system and of the sympathetic nervous
system, with increased levels of antidiuretic hormone
and renal vasoconstriction that culminate in ascites and/
or edema™. These altered physiological states limit the
application of available methods to evaluate nutritional
status™’.

Indeed, as a result of ascites and/or edema, anthro-
pometric measures such as BMI usually overestimate lean
mass in patients with end-stage liver disease who require
LT™!. Consequently, although easier, traditional NA may
underestimate the prevalence and severity of malnutrition
in patients with cirrhosis!*®!. Moreover, the presence of
body fluid changes, mainly ascites, may explain the
marked discrepancies in malnutrition frequencies (ranging
from 5.4% to 68.2%) among NA methods in patients
with dirrhosis!™**%, As PA values are not influenced by
unstable hydration, we suggest that this tool is useful for
nutritional monitoring of patients with cirrhosis, and that
the PA cutoff value proposed by Ruiz-Margdina et af*”
can identify those at high risk of death if not nutritionally
treated.

One limitation of our study was the inclusion of solely
male patients. We assessed only male patients to make
our sample as uniform as possible, as liver cirrhosis per
se is a progressive disease and hepatic damage may
differ, even slightly, among patients. In addition, cirrhosis
is more common in men and malnutrition seems to have
greater prognostic value for disease progression in men
than in women. The prognostic ability of the studied
cutoff value for phase angle is associated directly with
malnutrition. Thus, by evaluating only men, we were able
to access not only a more uniform sample, but also the
population most susceptible to the studied disease and
its associated nutritional complications. Ruiz-Margain et
al*! did not specify the sex of the cirrhotic patients with
which the studied PA cutoff value was developed. Thus,
we cannot confirm whether this value performs similarly
in the prediction of malnutrition-associated mortality in
women. We can conclude that the PA < 4.9° cutoff was
associated independently with mortality in male patients
with cirrhosis, potentially associated to malnutrition. The
PA may be a useful and reliable bedside tool to evaluate
prognosis in cirrhosis.
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