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positive staining areas in 2 independent fields at 100x magnification using Lumina Vision 2.4
Bio-imaging software (Mitani Corporation, Tokyo, Japan). The following antibodies were used in this
study: mouse anti-human AKR1B10 antibody (1:100 dilution; Ab 57547; Abcam, Cambridge, UK),
anti-human HSP70 antibody (1:100 dilution; SC-24; Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA), and anti-human GPC3 antibody (1:100 dilution; 1G12, Biomosaics, Burlington, VT, USA).

4.3. Statistical Analysis

All statistical analyses were performed using IBM SPSS 13.0 software (IBM SPSS, Chicago, IL,
USA). Continuous variables were summarized as median (range), and Mann-Whitney U-tests or
Kruskal-Wallis tests were used when appropriate. Univariate and multivariate regression analyses were
used to examine the relationship of AKRIBI10 expression in NT with demographic, histological, and
biochemical variables. p < 0.05 was considered statistically significant.

5. Conclusions

We found that AKRIB10 expression is upregulated in chronic hepatitis or cirrhosis, preneoplastic
conditions that predispose to HCC, in association with hepatic steatosis. Our findings could provide
insight into the molecular mechanism of the very early stages of human hepatocarcinogenesis and
a novel therapeutic target for the prevention of HCC.
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Abstract

With the increasing prevalence of living-donor liver
transplantation (LDLT) for patients with hepatocellular
carcinoma (HCC), some authors have reported a poten-
tial increase in the HCC recurrence rates among LDLT
recipients compared to deceased-donor liver trans-
plantation (DDLT) recipients. The aim of this review
is to encompass current opinions and clinical reports
regarding differences in the outcome, especially the re-
currence of HCC, between LDLT and DDLT. While some
studies report impaired recurrence - free survival and
increased recurrence rates among LDLT recipients, oth-
ers, including large database studies, report comparable
recurrence - free survival and recurrence rates between
LDLT and DDLT. Studies supporting the increased recur-
rence in LDLT have linked graft regeneration to tumor
progression, but we found no association between graft
regeneration/initial graft volume and tumor recurrence
among our 125 consecutive LDLTs for HCC cases. In
the absence of a prospective study regarding the use
of LDLT vs DDLT for HCC patients, there is no evidence
to support the higher HCC recurrence after LDLT than
DDLT, and LDLT remains a reasonable treatment option
for HCC patients with cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Deceased donor liver transplantation; He-
patocellular carcinoma; Living donors; Living-donor
liver transplantation; Recurrence

Core tip: The current opinions and clinical reports re-
garding differences in the recurrence of hepatocellular
carcinoma (HCC) between living donor liver transplan-
tation (LDLT) and deceased donor liver transplantation
(DDLT) were reviewed. In the absence of a prospec-
tive study regarding the use of LDLT vs DDLT for HCC
patients, only with some retrospective studies with
conflicting results, there is no evidence to support the
higher HCC recurrence after LDLT than DDLT, and LDLT
remains a reasonable treatment option for HCC patients
with cirrhosis.

Akamatsu N, Sugawara Y, Kokudo N. Living-donor vs deceased-
donor liver transplantation for patients with hepatocellular car-
cinoma. World J Hepatol 2014; 6(9): 626-631 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v6/19/626.htm
DOI: http://dx.doi.org/10.4254/wjh.v6.19.626

INTRODUCTION

Hepatocellular carcinoma (HCC) is the 7" most com-
mon cancer overall and the 3* most common cause of
cancer-related death worldwide”. Since the landmark
report of the Milan criteria by Mazzaferro er al”, which
demonstrated comparable outcomes of patients with
HCC having a single tumor smaller than 5 cm in diam-
eter or up to 3 tumors smaller than 3 cm in diameter with
no vascular invasion or extra-hepatic disease determined
by preoperative imaging studies, deceased - donor liver
transplantation (DDLT) has become an established treat-
ment for cirrhotic patients with HCCH Similarly, in
Asian countries where living-donor liver transplantation
(LDLT) comprises the majority of liver transplantation
procedures, LDLT has become an established treatment
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Table 1 Studies comparing living - donor liver transplantation and deceased - donor liver transplantation for hepatocellular carcinoma

Ref. Country Year Study Type Case  Recurrence - P % P  Criteria %  Difference Median
period of LT number free survival Recur- used Outside in tumor  follow-
rence Milan  charact-  up period
rate eristics (mo)
1-yr 3-yr S5-yr
Impaired results in LDLT
Park et al™ South 2014 1999-2010 LDLT 166 89 81 0.045 19 0.045 UCSF NA none 35
Korea DDLT 50 96 94 6
Vakili et al™ United 2009 1999-2007 LDLT 28 29 <005 UNOS 25 none 41
States DDLT 65 12
Kulik et al" United 2012 1998-2010 LDLT 100 80 66 56 0.05 38 0.0004 UNOS 59 More 60
States aggressive
Multi- DDLT 97 9 81 73 11 30 in LDLT
center
Lo et al™ Hong 2007 1995-2004 LDLT 43 Lo it gy o | 0.029 29 0.029 UCSF 26 More 33
Kong DDLT 17 100 100 100 0 29 aggressive
in LDLT
Comparable results
Sandhu et al'™ Canada 2013 1996-2009 LDLT 58 88 75 70 NS 17 NS Toronto 28 none 38
DDLT 287 86 < 705" <70, 15 criteria 32 31
Bhangui et al™ France 2011 2000-2009 LDLT 36 100 89 88 NS 13 NS UCSF 27 none 58
DDLT 120 93 89 86 18 21 50
Li ef al™ China 2010 2005-2009 LDLT 38 71 42 NS 50 NS UCSF 79 none 25
DDLT 101 76 41 55 68
Di Sandro et al™ Italy 2009 2000-2007 LDLT 25 9 96 NS 4 NS Milan 20 none NA
DDLT 154 91 89 11 31
Sotiropoulos et al™ Germany 2007 1998-2006 LDLT 45 88 75 NS 12 NS UCSF 44 none NA
DDLT 55 81 14
Hwang et a® South 2005 1992-2002 LDLT 237 83 80 NS 18 NS 27 none 26
Korea
Multi- DDLT 75 88 82 16 29 45
center
Gondolesi et al™”  United 2004 1988-2002 LDLT 36 82 74 NS 19 NS UNOS 53 none 15
States DDLT 165 9 83 19

DDLT: Deceased - donor liver transplantation; HCC: Hepatocellular carcinoma; LDLT: Living - donor liver transplantation; LT: Liver transplantation;
UCSF: University of California, San Francisco; UNOS: United Network for Organ Sharing; NA: Not applicable; NS: Not significant.

for HCC patients with end-stage liver disease”. LDLT is
now considered a promising treatment for HCC patients
in Western countries, not only to compensate for the
shortage of donor or%ans but also to reduce the dropout
rate on the waiting list".

With the accumulation of LDLTSs for HCC patients,
the impact of LDLT on recipient outcome compared
with DDLT, especially the recurrence of HCC after
liver transplantation, has become an important topic of
debate”. The aim of this review was to encompass the
current opinions and clinical reports regarding the dif-
ferences in outcome, especially the recurrence of HCC,
between LDLT and whole liver DDLT.

STUDIES COMPARING LDLT AND DDLT

FOR HCC PATIENTS

Studies comparing LDLT and DDLT for HCC patients
are summarized in Table 1. All DDLTs reviewed here
were done with the whole liver graft.

Studies reporting a poorer outcome in the LDLT setting
Park ¢r al'” recently reported poorer recurrence-free
survival among 166 LDLT recipients (81% at 5 years) com-

Baishidengs  WJH | www.wjgnet.com

627

pared to 50 DDLT recipients (94% at 5 years; P = 0.045).
The noteworthy finding of this study was that the smaller
the LDLT graft, the poorer the recurrence - free survival.
Based on this finding, Park e a/'"” suggested that the
physiology of the small graft may stimulate tumor recur-
rence.

The results of the A2ALL cohort in United States
also demonstrated an impaired outcome in LDLT recipi-
ents. In their initial report"”, they found a higher rate of
recurrence within 3 years in LDLT than in DDLT (29%
vs 0%, P = 0.002), but there was a clear tendency toward
more aggressive tumor characteristics in the LDLT group.
The same group recently published an updated report',
in which HCC recurrence remained significantly different
between LDLT and DDLT after adjustment for tumor
characteristics. They concluded that the higher recurrence
observed after LDLT was likely due to differences in the
tumor characteristics, pretransplant HCC management,
and waiting time.

Vakili ez ai™” reporting the Lahey Clinic experience,
demonstrated that the HCC recurrence rate of LDLT
(29%) was significantly higher than that of DDLT (12%)
(P < 0.05), but survival after LDLT was significantly bet-
ter than that following DDLT for HCC during the same
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period (P = 0.02).

Lo ef a*? from Hong Kong also reported a signifi-
cantly higher incidence of HCC recurrence, 29% in
LDLT and 0% in DDLT (P = 0.029). While the tumor
characteristics were comparable between groups, the au-
thors speculated that LDLT as a salvage transplantation,
microscopic vascular invasion, and liver regeneration led
to the difference in the recurrence rate.

Studies reporting a comparable outcome

Sandhu and colleagues of the Toronto group!” reported
that LDLT and DDLT both provide similarly low recur-
rence rates and high survival rates. They compared the
results of 58 LDLT cases with those of 287 DDLT cases
having comparable tumor characteristics, in which the 1-,
3-, and 5-year recurrence-free survival rates were 88%,
75%, and 70%, and 86%, 75%, and 70%, respectively.

In a well-designed study by Bhangui ez al'?, an inten-
tion-to-treat analysis was conducted with recurrence rate
representing the primary endpoint, comparing 36 LDLT
cases and 147 DDLT cases. The authors demonstrated
that both LDLT and DDLT provided similar recurrence
- free survival rates (88% us5 86% at 5 years) for patients
with HCC. The dropout rate and waiting time were sig-
nificantly lower in the LDLT group than in the DDLT
group, and there was also a trend toward a longer time to
recurrence in the LDLT group, which may guarantee ad-
ditional advantages with LDLT.

The Mount Sinai group[msl reported comparable
recurrence - free survival between LDLT (# = 36) and
DDLT (# = 165; 74% vs 83% at 2 years, P = 0.3). When
stratified by tumor size (5 cm diameter) and the existence
of microvascular invasion, there was still no difference
between groups.

Sotiropoulos and colleagues of Essen, Germany
also supported the comparable recurrence - free survival
rates between LDLT and DDLT for HCC (75% w5 81%
at 3 years).

Hwang er al’" of South Korea performed a nation-
wide survey regarding this issue. Among 237 LDLTs and
75 DDLTs for HCC, the 1 - and 3 - year recurrence - free
survival rates were 83% and 80%, and 88% and 82%, re-
spectively, with no significant difference between them.

A comparison of outcomes after liver transplantation
obtained from database studies revealed comparable pa-
tient survival rates between LDLT and DDLT. According
to a report from the Japanese Liver Transplantation So-
clety Registrym, a total of 6097 LDLTs were performed
in Japan by the end of 2010, and 1225 (32%) were indi-
cated for HCC, which was the most common indication
in adult patients. The 1-, 3-, 5-, and 10-year cumulative
survival rates of LDLT for HCC were 85%, 74%, 69%,
and 60%, respectively. Todo and colleaguesm] performed
a detailed survey using the same database (up to the end
of 2005), comprising 653 patients who had undergone
LDLT for HCC in Japan. At 1, 3, and 5 years, overall pa-
tient survival was 83%, 73%, and 69%, and disease-free
survival was 77%, 65%, and 61%, respectively. Based on

[19,20)
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preoperative imaging studies, 62% were within the Milan
criteria and 38% were beyond the Milan criteria, with
5-year recurrence-free survival rates of 90% and 61%,
respectively (P < 0.001). These findings do not differ
much from those obtained in the DDLT database of the
United States and Europe®”™ ", and may validate the use
of LDLT for HCC patients.

CURRENT OPINIONS REGARDING THE
DIFFERENCE BETWEEN LDLT AND DDLT

A randomized clinical study would be best to settle the
controversy regarding the use of LDLT »s DDLT for
HCC patients, but this is indeed difficult, if not impos-
sible, to realize given the complicated decision-making
process involved in LDLT. No prospective study has
been conducted to date.

The Toronto groupps] recently performed a meta-
analysis on 12 retrospective studies comparing the recur-
rence rates and recurrence - free survival between LDLT
and DDLT recipients. A total of 633 LDLTs and 1232
DDLTs were enrolled, and the study provided evidence
of lower disease - free survival after LDLT compared
with DDLT for HCC (HR = 1.59, 95%CI: 1.02-2.49; P
= 0.041). In contrast, there was no difference in overall
survival between LDLT and DDLT (HR = 0.97, 95%CI:
0.73-1.27; P = 0.808). As mentioned by the authors of
the paper, however, all involved studies were retrospec-
tive, had a low data quality score with poor reporting of
baseline patient characteristics and an inadequate statisti-
cal approach, and were heterogeneous in critical aspects
such as indication criteria and basal tumor characteristics,
which warrant further well-designed studies to determine
whether differences in HCC recurrence are due to study
biases or biologic differences.

A recent review article by experts™ concluded as fol-
lows: Although there is no strong evidence to support the
higher HCC recurrence rates in LDLT than DDLT, the
higher recurrence rates in LDLT recipients reported by
several authors cannot be ignored. Actually, there are crit-
ical differences among societies such as: (1) differences
in the allocation system for DDLT and LDLT; (2) differ-
ences in the availability of deceased donors; (3) differenc-
es in the potential waiting time; and (4) the differences in
regional and national organ transplant law. In addition to
taking into account these differences, liver transplant can-
didates with HCC and their potential live donors should
be informed following risks and benefits; the waiting time
for DDLT may lead to the dropout due to HCC pro-
gression which could be avoided by the prompt LDLT,
however, the prompt LDLT may mask the aggressive
tumor characteristics which may lead to a higher HCC re-
currence rates. Although the currently available literatures
can provide a low evidence for the difference of HCC
recurrence between DDLT and LDLT, the tumor char-
acteristics and biology seem to significantly influence on
the recurrence, while the graft type and waiting time are
less likely important as a possible risk factor.
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Table 2 Graft characteristics and hepatocellular carcinoma

recurrence

Patients with Patients P.
recurrence without
(n=11) recurrence
(n=114)
Regeneration rate at 3 mo (%) 90+24 93+34 0.732
Graft type: right/left 4/7 36/78 0.702
Initial graft volume ratio 46+9 47+9 0.842

to standard liver volume (%)

POSTULATED THEORIES FOR
DIFFERENCES BETWEEN LDLT AND
DDLT

LDLT provides several advantages compared with
DDLIT, such as a shorter waiting time, good quality graft
with normal liver function and shorter ischemic time, and
pretransplant treatment optimization, which might con-
tribute to improved survival in LDLT recipients. Some
of these characteristics, on the other hand, may lead to a
favorable milieu for tumor progression”.

There are several hypotheses other than tumor char-
acteristics to explain the inferior outcome of LDLT. One
explanation for the higher recurrence rates in LDLT is
fast-tracking patients into liver transplantation, the so
- called fast-track effect!"™”. Some patients with more
biologically aggressive HCC might drop off the waiting
list due to tumor progression beyond the criteria during
the wait-time in the DDLT setting. In contrast, due to the
shortened wait time for LDLT candidates, progression
of HCC with an aggressive tumor biology might not be
recognized during such a short wait-time. This scenario
might account for the higher HCC recurrence in the
LDLT setting

Another hypothesized mechanism for the higher
recurrence rates in LDLT is that growth factors and cy-
tokines released during rapid regeneration of the partial
grafts from living donors might contribute to tumor pro-
gression and recurrence” ™", A rapidly regenerating liver
parenchyma and ischemic-reperfusion injury facilitated
by a small-for-size graft in LDLT setting might be a more
favorable environment for tumor progression and HCC
recurrence.

Additionally, some authors insist that the
technique of LDLT per se foregoes the principles of
oncologic surgery. During LDLT, the meticulous dis-
section and mobilization of the liver might increase the
possibility of tumor capsule violation or tumor emboli-
zation through the hepatic veins, thus promoting tumor
dissemination. Preserving the native vena cava and the
bile duct/hepatic artery/portal vein in the hepatic hilum
might increase the risk of leaving the residual tumors.

As opposed with the above-mentioned anecdotal ex-
planations, the advanced tumor characteristics of LDLT
recipients can reasonably explain the higher recurrence
rate in the LDLT setting. Grafts from living donors are

[11,35,36)
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not limited by restrictions imposed by the organ alloca-
tion system, meaning that the relation of the graft and
recipient is usually one-on-one. Consequently, selection
criteria based on the tumor burden, such as the tumor
size and number, can be considered relative on a case-by-
case basis, taking into account the presence of risk fac-
tors for recurrence and the chance of survival, as well as
the wishes of the donor"”’. Consequently, the majority of
Asian transplant centers have adopted extended criteria
beyond those of Milan or the University of California,
San Francisco (UCSF)™. Based on some studies, dif-
ferences in patient tumor characteristics between LDLT
and DDLT remain a main reason for the higher recur-
rence rate in LDLT. Additionally, in the majority of the
aforementioned studies comparing LDLT and DDLT for
HCC patients, tumor burdens such as the size, number,
vascular invasion, and poor differentiation have proved
to be independent risk factors for HCC recurrence after
liver transplantation, all of which may lead to a rational
explanation for the impaired recurrence - free survival of
LDLT compared to DDLT.

OUR EXPERIENCE

At our institution, the University of Tokyo Hospital, a
total of 423 adult recipients underwent LDLT by the end
of 2012. Among them, 125 (30%) patients had HCC.
The principle criterion for LDLT for HCC at our center
1s “up to 5 nodules with a maximum tumor diameter
within 5 cm”, which we call the “5-5 rule”™. Of the 125
patients, 118 (94%) were within the 5-5 rule criteria and
109 (87%) were within the Milan criteria. Overall survival
of the 125 recipients at 1, 3, and 5 years was 88%, 82%,
and 76%, respectively, with a median follow-up period
of 8 years. A total of 11 (9%) patients developed HCC
recurrence with a cumulative recurrence rate at 1, 3, and
5 years of 6%, 9%, and 11%, respectively.

We compared the graft regeneration rate between
patients with HCC recurrence (#» = 11) and those without
recurrence (# = 114) to confirm the association of liver
regeneration with HCC recurrence. The regeneration
rate was calculated as follows: (graft volume at 3 mo after
LDLT- initial graft volume)/initial graft volume x 100
(%). As shown in Table 2, there was no difference in the
regeneration rate between those with HCC recurrence
and those without recurrence. At the same time, the graft
type (right s left) and the initial graft volume ratio to the
recipient’s standard liver volume were also compared be-
tween groups, revealing no difference. A similar result was
reported by the Asan group of South Korea™, in which
the graft-recipient weight ratio had no impact on HCC
recurrence after LDLT among 181 LDLT recipients with
HCC. Our result as well as the report of the Asan group
clearly demonstrated that graft regeneration of the partial
liver graft has no impact on HCC recurrence, at least in
a clinical setting. The independent predictors for HCC
recurrence in our series were tumors not within the 5-5
rule (Tokyo criteria), AFP level over 400 ng/mlL, and des-
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gamma-carboxy prothrombin levels over 200 mAU /mlL.

CONCLUSION

In conclusion, there is no strong evidence to support
higher HCC recurrence after LDLT than DDLT, and it
may be reasonable to use different indication criteria for
LDLT and DDLT, while there could be a potential bias in
choosing the articles in the present study. LDLT should
always be considered as a treatment option for HCC
patients with advanced cirrhosis in areas where deceased
donors are scarce or for patients whose tumor status in-
terrupts access to DDLT.
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Abstract

Single nucleotide polymorphisms of interleukin-28B (IL28B) rs8099917 are reported to be associated with virologic clearance
in interferon-and ribavirin -based treatment for hepatitis C virus (HCV)-infected patients. We examined virologic response in
accordance with [L28B polymorphisms in our living donor liver transplantation series under a preemptive interferon and
RBV treatment approach. Adequate DNA samples from both the recipient and donor for the study of single nucleotide
polymorphisms of 1L.28B were available from 96 cases and were the subjects of the present study. Various clinical factors
related with virologic response including early virologic response (EVR) and sustained virologic response (SVR) were
examined. Totally 51% presented with EVR and 44% achieved SVR. Presence of the major allele (TT) in either the recipient or
the donor corresponded to SVR of 53% and 48%. Presence of the minor allele (TG or GG) corresponded to SVR of 26% and
32%. Multivariate analysis revealed that genotype of HCV or EVR, but not IL28B polymorphisms in either the recipient or
donor, was an independent factor for achieving SVR. When virologic response to treatment was incorporated into analysis,
the impact of IL28B polymorphism on virological clearance remained relative to other factors and was not significantly
independent.
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to interferon and RBV-based treatment in HCV-infected patients
[19-21]. In Japanese patients, the G nucleotide of rs8099917
(minor allele) is associated with a poor response to treatment,

Introduction

Hepatitis C virus (HCV) infection is the leading cause of end-
stage liver disease necessitating liver transplantation in developed whereas a T nucleotide (major allele) is associated with a fair
response [20].

The impact of the IL28B polymorphism was recently studied in

countries [1-3]. HCV reinfection following liver transplantation is
universal, however, and the histologic progression of HCV-related
liver cirrhosis is accelerated in comparison with the non-transplant

. the liver transplant setting. A small series reported that combined
population [4-8]. Long-term outcomes are reported to be poorer

analysis of IL28B polymorphisms in both donors and recipients
may predict the possibility of achieving SVR under current
standard pegylated interferon-and RBV-based therapy [22-23].
The evidence, however, remains limited. In the present study, we

in liver transplant recipients with HCV recurrence [9-10].
Although its efficacy remains unsatisfactory, the standard treat-
ment for HCV relapse following liver transplantation is the

combined application of pegylated interferon and ribavirin (RBV)
[11-16]. To improve the overall outcomes of patients undergoing
living donor liver transplantation (LDLT) for HCV-related liver
disease, we routinely administered interferon based treatment
preemptively in our series [17] with recent results indicating a
sustained viral response (SVR) rate of 43% [18].

In a recent genome-wide association study, three independent
institutions identified single nucleotide polymorphisms in the
interleukin (IL)-28B gene on chromosome 19q13; rs12980275 or
18099917 as being strongly associated with the virologic response

PLOS ONE | www.plosone.org

examined the virologic response to a preemptive treatment
approach in accordance with IL28B polymorphism.

Patients and Methods

Patients

From June 1996 to December 2012, 499 LDLT surgeries were
performed at the University of Tokyo Hospital among which 134
cases were for HCV-related liver disease. Among them, three
recipients remained negative for HCV RNA after transplantation
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Figure 1. 1L28B rs8099917 SNPs in the recipient and donor and
corresponding rates of SVR. * indicates p=<0.05 v.s. major allele
(TT) with corresponding background.
doi:10.1371/journal.pone.0090462.g001

alone, not requiring interferon treaument, and were excluded from
the study. In the remaining 131, either appropriate informed
consent or adequate samples for genetic analysis was not available
in 23 cases for the following reasons and therefore excluded; death
during the earlier period in 18, lost to follow-up in 3, and decline
of study consent in 14 cases. The remaining 96 cases were the
subjects of the present analysis. The earliest case of this population
underwent LDLT in June 1998, and the latest case underwent

LDLT in February 2011, Follow up was done until the end of

2012, or death.

Antiviral therapy for HCV

Treaument was initiated with low-dose interferon alpha-2b and
RBV 400 mg/day promptly after improvement of the general
condition following liver transplantation. Recovery of hematologic
and renal function was considered crucial. Specifically, inigation
was considered when the leukocyte number > = 4000/ml, platelet
count >=50 000/ml, hemoglobin >= 8 g/l, and serum
creatinine < 2 mg/dl. Thereafter, the dosage was gradually
increased as tolerated. Finally, pegylated-interferon alpha-2b
1.5 pg/kg/week and RBV 800 mg/day were administered,
depending on patient compliance [17,18].

HCV RNA was measured quantitatively by reverse-transcrip-
tase polymerase chain reaction (Amplicor HCV; Roche Molecular
Systems, Pleasanton, CA). The response was considered to be an
EVR at 12 week with an at least 2 logl0 drop in serum HCV-
RNA. The treatment was continued for 12 months after serum
HCV-RNA wurned negative, defined as ETR. The response was
considered to be a SVR after another 6 months of negative
serologic results without anti-viral treatment. Flexible dose
adjustments were made as necessary to avoid serious adverse

PLOS ONE | www.plosone.org
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events and to prevent a lapse in treaument. A fixed overall
treatment period length was not defined [17,18].

Analysis of the genotype of 1L28B

Genomic DNA from recipients and donors was extracted either
from peripheral blood mononuclear cells or from formalin-fixed
paralfin-embedded liver biopsy samples depending on availability.
Genotyping of single nucleotide polymorphisms IL28B rs8099917
was performed as previously deseribed [20,22],

Ethics Statement

All LDLTs were performed  after individually  obtaining
informed consent from recipients and donors. LDLT program at
the University Of Tokyo Hospital has been approved by it’s
Institutional Review Board, and all aspects of the procedures have
been conducted according to the principles expressed in the
Declaration of Helsinki, The current human subject rescarch was
approved as project number G3514 by Graduate School of
Medicine and Faculty of Medicine, the University of Tokyo
Research Ethics Committee and Human Genome, Gene Analysis
Research Lthics Committee. All subjects have been properly
instructed and participated by signing the appropriate informed
consent paperwork. In the preparation of this manuscript, all
efforts have been made to protect patient privacy and anonymity.

Statistical analysis

The cumulative rate ol viral responses was studied using the
Kaplan-Mecier method. Comparison was made using the log-rank
test. A multivariate analysis was performed using the Cox
proportional-hazards mocdel and a forward stepwise procedure,
Categorical various clinical factors were compared between groups
using the Fisher’s exact test. JMP 9 software (SAS Institute Japan,
Tokyo, Japan} was used for all analyses. A p-value of less than 0.03
was considered statistically significant.

Results

Patient demographics and virologic response

All recipients and donors of the 96 cases were of Japanese
origin. Median age of the recipients and donors was 56 (range 23—
66) and 34 (range 17-66), respectively. In 60 cases, the donor was
a relative within a first degree of consanguinity. Among the
recipients, 60 cases presented with hepatocellular carcinoma, 3
with HIV co-infection, and 2 with hepatitis B virus co-infection.
The HCV RNA genotype was confirmed to be 1b in 79 (81%).
Median calculated model for end-stage liver discase score at the
tme of wansplant was 14.

All 96 recipients received interferon treatment according to our
pre-emptive regimen described above. None presented with
fibrosing cholestatic hepatitis at the time of treatment initiation.
Overall, at the time of follow-up, 49 (51%) presented with early
virologic response (EVR). Sixty-five (67%) patients had negative
serum HCV RNA results at least once, among which 52 (54%)
patients experienced a non-detectable level of serum HCV RNA
for 12 months on treatment (end of treatment response, ETR).
Torty-three (44%) patients remained negative for serum HCV
RNA for 6 months or longer after cessation of interferon treatment
following ITR, and these recipients were considered to have
achieved SVR. Consistent with the nature of a treatment protocol
without a defined time endpoint, the response rate increased over
time. The cumulative rates of SVR and ETR based on the
Kaplan-Meier method are 41% and 34%, respectively, 5 years
after transplantation.
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Figure 2. Combination of recipient and donor IL28B rs8099917 SNPs and corresponding rates of viral responses (A-D). A. Rates of
EVR, B. Rates of recipients that presented with temporal non-detectable level of serum HCV RNA at least once during the course of INF treatment, C.
rates of ETR, D. rates of SVR. Abbreviation: SNPs, single nucleotide polymorphism; SVR, sustained viral response; EVR, early virologic response; Neg,
temporal non-detectable jevel of serum HCV RNA; ETR, end of treatment response. * indicates p = <0.05 v.s. combination of major allele both in the
recipient and donor (TT:TT) with corresponding background.

doi:10.137 1/journal.pone.0090462.g002

Frequency of IL28B rs8099917 single nucleotide IL28B polymorphism and interferon sensitivity after LDLT
polymorphisms in recipients and donors As previously reported, IL28B polymorphisms in both the

The proportion of TT, TG and GG genotypes in recipients was recipient and donor seemed to be strongly correlated with the
72%, 28%, and 0%, respectively, whereas TT was the most sensitivity to interferon treatment. The major allele (TT) in the
frequent genotype in donors (80%), followed by genotypes TG recipient and donor corresponded to SVR rates of 54% (37 of 69)
(19%) and GG (1%). This distribution did not differ significantly and 48% (37 of 77), respectively, whereas the presence of the
between genotype 1b and the others. minor allele (TG or GG) corresponded to SVR rates of 26% (7 of

27) and 32% (6 of 19), respectively (Figure 1). Difference of SVR
between TT and TG/GG in recipient was statistically significant
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Figure 3. Cumulative rates of SVR based on the Kaplan-Meier method. A. Stratified by EVR, B. HCV genotype, C. major allele (TT) in the
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allele (TT) in the recipient; D-TT, major allele (TT) in the donor.
doi:10.1371/journal.pone.0090462.g003

(p=0.0219 and p=0.0212 for all recipients and for recipicnts with
genotype 1b HCV, respectively). However, difference of SVR
according to the donor IL28B SNPs did not reach statistical
significance (p=0.3029 and p=10.2279 for all donors and for
donors whose recipients with genotype 1h, respectively).

The combinations of recipient and donor IL28B polymorphisms
and corresponding rates of virologic responses are summarized in
Figures 2A-2D. Although combinations of recipients and grafts
obtained from donors both carrying the major homozygous allele
presented with tendency of higher rates of virologic eradication
demonstrated as ETR (Figure 2C) or SVR (Figure 2D), especially
in the case of HOV RNA genotype 1b, this synergistic tendency
remained unclear or limited when observation was extended to on-
treatment virologic response at an earlier stage evaluated by
temporal clearance or EVR (Figures 2A and 2B). For example,
rates of EVR between recipient and donor pairs carrying both a
major homozygous allele and minor allele did not differ
significantly (p=0.9416), and the advantage remained unclear
even when limited to the HCV RNA genotype 1b (p=0.5804)
(Figure 2A). Similarly, the presence of a minor allele cither in the
recipient or the donor did not significantly affect temporal viral
clearance (Figure 2B).

Impact of IL28B polymorphism among other factors

Impact of various clinical factors on sensitivity to interferon
treatment in the present study was assessed by SVR rates (Table 1).

PLOS ONE | www.plosone.org

Compatible with previous studlies, univariate analysis revealed that
HCV genotype 1b and presence of EVR were significant factors
affecting outcome. As for IL28B polymorphisms, a major allele
homozygote in the recipient, and a major allele homozygote both
in the recipient and donor presented with a statistically significant
impact (p=0.0368, and 0.0299, respectively). A major allele
homozygote in the donor side alone did not have strong impact
(0.3136; Table 1). The above four factors significantly impacted
SVR in univariate analysis are summarized in Figure 3.

To elucidate the magnitude of the IL28B polymorphism, a
multivariate study was conducted including all clinical variables
from Table 1. To incorporate the nature of our treatment protocol
without a defined period of interferon treatment, multivariate
analysis was performed using the Cox proportional-hazards
model. The study revealed the genotype of HCGV and EVR, but
not the IL28B polymorphism of either recipient or donor, to be
independent factors to achieve SVR. Recipients re-infected with
HCV genotype 1b presented with a significantly poorer chance of
SVR (Hazard ratio 0.277, 95% confidence interval 0.132-582,
p=0.0007). On the other hand, once EVR was observed,
recipients demonstrated significantly better opportunity for SVR
(Hazard ratio 4.426, 95% confidence interval 1.958-10.007,
p=0.0004). Cumulative rates of SVR within the genotype 1b or
non-1b population stratified by the presence of EVR are presented
in Figure 4. Conversely, background factors of recipients
presenting EVR or not so depending on HCV RNA genotypes
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Table 1. Sustained viral response in patients with combined
treatment and clinical factors.

Factors No. %SVRat5y p

‘ Négative 93 40 / 6.0729
HCC positive 60 41 s
: ositiy .
Genotype e e
Non-1b 17 100 <0.0001
Graftsize ~ <50% 53 46 =
%R-SLV >=50% 43 37 0.8251
HOVRNA  =<56 48 45 S
titer ' >56 48 38 0.2999
BRI s gie g g .
No a7 15 <0.0001
AR e g s
§ : S

Dage

0.0299

No 85 43

0.3386

Abbreviations: No., number of patients; %SVR, rate of recipients achieving
sustained viral response; R-age, age of the recipient at the time of
transplantation; R-sex, sex of the recipient; MELD, Model for end-stage liver
disease score; HIV, human immune deficiency virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; %R-SLV, percentage of graft size to recipient’s
standard liver volume; HCV-RNA, hepatitis C viral ribonucleic acid; EVR, early
viral response; ACR, acute cellular rejection; D-age, age of the donor at the time
of transplantation; D-sex, sex of the donor; CyA, cyclosporine A; R-IL28B,
recipient’s 1L28B polymorphism (rs8099917); D-1L28B, donor’s IL28B
polymorphism (rs8099917); R-TT/D-TT, Both recipient and donor carrying major
allele (TT); R-TT/D-TG+GG, recipient carrying major allele (TT) but donor carrying
minor allele (TG or GG); R-TG+GG/D-TT, recipient carrying minor allele (TG or
GG) but donor carrying major allele {TT); R-TG+GG/D-TG+GG, Both recipient and
donor carrying minor allele (TG or GG).

doi:10.1371/journal.pone.0090462.t001
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were evaluated (Table 2). Among various clinical factors, IL28B
polymorphisms, either that of the recipient or the donor, or both,
was not prevalent in relation to EVR, especially in the genotype 1b
population.

Overall, IL28B polymorphisms had a relative, not independent,
impact. On-treatment virologic response to interferon and RBV-
based treatment represented by EVR remain the most significant
factor predicting SVR, even among recipients with HCV genotype
1b.

Discussion

Treatment of HCV re-infection by interferon and ribavirin after
liver transplantation has remained a challenge with inferior
outcomes compared to the non-transplantation population due
to immunosuppression, and low tolerability. Recurrence and
persistence of HCV-infection remain the most common cause of
post-transplant - graft loss and mortality. Identifving factors
affecting the outcomes, including the response to treatment,
therefore, continues to be a subject of keen interest. This study
presents observations that may be potentially important in light of
advancements involving recent genetic discoveries regarding
IL28B polymorphisms.

This is the largest study to date, 96 LDLT cases, evaluating the
impact of IL28B polymorphisms in both donor and recipient, in
accordance with the on-treatment response, on the outcome. Also,
the series is the first to analyze the magnitude of the polymorphism
under a preemptive treatment approach [17,18] after LDLT. The
study is limited to rs8099917 based on previous studies of 1L28B
SNPs in the Japanese population, and therefore, impact of
rs12979860 awaits further similar study in the West.

Several predictive factors for interferon and RBV sensitivity in
the non-transplant population were recently identified. Virologi-
cally, HCV-genotype, and HCV RNA mutations in the core and
NS5A regions are recognized as important factors [24,25]. As for
host factors, by genome-wide association study coming from three
independent studies, IL28B polymorphisms have been identified
as significant factors affecting virologic clearance [19-21]. The
mechanism underlying the influence of IL28B polymorphisms on
the response to interferon and RBV therapy is, however, yet to be
determined. Current understanding is that the product of the
IL28B gene is interferon lambda-3, which belongs to the type III
interferon family that induces interferon-stimulated genes. Favor-
able IL28B polymorphisms are associated with decreased levels of
intrahepatic interferon-stimulated genes, offering a favorable
environment for virologic clearance under interferon and RBV
treatment [26-28]. Whether or not this mechanism is applicable to
the liver transplant setting, in which a liver allograft is infected by
HCV under immunosuppression, remains to be studied. There is
little evidence to speculate otherwise at this point.

Fukuhara and colleagues [22] first reported the impact of IL28B
polymorphisms on the outcome of LDLT. In their study, IL28B
polymorphisms were studied in 67 HCV infected recipients and 41
living liver donors. Interestingly, they reported that SVR
achievement was significantly associated with IL28B polymor-
phisms of both the recipient and donor. When hoth were major-
allele homozygotes, the SVR rate was 56%. Whereas when either
the recipient or the donor presented with a minor heterozygote or
homozygote allele, SVR rate dropped to 10%, and further, when
both the recipient and donor presented with a minor heterozygote
or homozygote allele, none achieved SVR. Kawaoka and
colleagues [23} conducted a similar study involving 20 LDLT
recipient and donor pairs. They reported that major-allele
homozygotes in both the recipient and donor resulted in an
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Figure 4. Cumulative rates of SVR stratified by EVR using the Kaplan-Meier method. A. HCV RNA genotype non-1b, B. HCV RNA genotype

1b. Abbreviations: SVR, sustained viral response; EVR, Early viral response.

doi:10.1371/journal.pone.0090462.g004

SVR rate of 81%. Although the number of cases where rather
small, multivariate analysis including adherence to RBV therapy
was performed, revealing that major-allele homozygotes in both
the recipient and donor as the only independent and dominant
determinant of SVR with and an odds ratio of 15.

Although logistic and technical difficulties remain in sampling
and analyzing [L28DB gene of the donors, comparable studies have
been performed in the deccased donor sctting {29-34]. The
impact of 1L28B polymorphisms has also become recognized in
deceased donor liver transplantation for HCV. Tt was suggested
that, patients requiring liver transplantation due to end-stage
chronic HCV appeared to be sclected toward the adverse
genotypes [31], and the polymorphism scems to influence the
degree of graft inflammation at biochemical and histologic levels
following transplantation [29,32]. It has also become evident that,
while there seems to be littde doubt that IL28B polymorphisms
markedly affect the response to interferon and RBV treatment,
whether the donor or recipient, or the combination of both, should
be considered paramount differ among studies. Lange and
colleagues provide evidence that the donor’s rather than the
recipient’s IL28B genctic background has a dominant impact on
the virologic response [31], while Cotpo-Llerena et al. [34] report
that the recipient’s genetic background plays a major role. On the
other hand, a recent study by Duarte-Rojo and colleagues [30]
used multivariate analysis to demonstrate that the combination of
both is the most influential. A German study [32] provided no
data on the potential role of donor IL28B polymorphisms. The
numbers of subjects in these studies remain small in comparison
with the size of patients involved in analysis of non-transplant
cases. Data on previously reported important clinical factors other
than IL28B polymorphisms are not readily available for evalua-
tion; much less an analysis by multivariate analysis to weigh the
impact in a more reliable context. Clearly, further studies are
required with an inclusion of a broader range of clinical data.

In our study, we included factors previously reported to
influence the outcomes of the virologic response against interferon
and RBV therapy in the analysis. This includes age and sex of
both the donor and recipient, preoperative viral load, immuno-
suppression, and other factors as well as the on-treatment results
represented by EVR (Table 1). A recent report by Thompson and
colleagues suggests that on-treatment virologic response may have
strong predictive power regardless of the IL28B type [35]. We
used multivariate analysis that included all of these factors, and

PLOS ONE | www.plosone.org

found that IL28B polymorphism is an  influential but not
determinant factor for SVR. Rather, in our series with a
preemptive  treatment approach, we  demonstrated  that on-
treatment response was the key factor for predicting SVR.

Our study has three major weaknesses. First, although clinical
virologic response was followed up and recorded in a prospective
manner, [L26B polymorphisms were recently determined, making
our study a retrospective case series with diverse sources of DNA,
DNA samples for analysis were collected either from peripheral
blood mononuclear cells or from formalin-fixed paraffin-embed-
ded samples based on availability. A prospective study with a fixed
DNA sampling protocol is required. Second, the nucleotide
sequences of the core and non-structural 5A regions, another
recently suggested important factor {36], have not been investi-
gated in concert with IL28B polymorphisms. In fact, few studies to
date have performed a combined analysis of both 1L28B
polymorphisms and HCV RNA nucleotide sequences, most likely
due to the additional logistic burden. Fukuhara and colleagues
[22] reported the synergistic value of combining findings from
11.28B polymorphisms and HCV RNA nucleotide sequences in
predicting the treatment response. This aspect should also be
considered in future studies. Third, the study lacks histologic data.
In our series, protocol biopsy was not performed. Hepatic venous
gradient to evaluate the degree of liver fibrosis was also not
routinely performed. This is due in part to our preemptive
treatment strategy. Burich and colleagues [32] have presented
interesting outcomes regarding the progression of the histologic
response in their deceased donor series. Comparable analysis in
the living donor setting in the future may be valuable.

Finally, in the current study, direct antiviral agents in
combination with peg-IFN and ribavirin were not used. Although
the efficacy of the earlier generation of direct antiviral agents has
become recognized in the non-transplant population, drastically
altering standard treatment [37-39], its safety and cffectiveness
under routine use in the transplant population await future
confirmation. Development in this aspect, however, is in rapid
progression. Current recognition is that new-age anti-HCV
treatment incorporating advanced direct antiviral agents will
radically alter the outcome [40]. Further accumulation of data in
combination with IL28B and the development of additional
treatment options may be beneficial.
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Table 2. Early viral response in patients with combined
treatment and clinical factors.

HCV RNA Genotype

Factors

R-sex 33 25

- 1110 -~ 08001
MELD 3 s 2% 18
HIV © posve 0 3 0o o

. _ Negative 3 11 10000 44 35 NA

HCC ‘ Posiive 2 5 28 25

e ' Negative (1 9 10 04826
Gréft size <50% 1 7 19

WRSLY  >=50% 2 7 16 08194
HCV-RNA titer =<56 3 8 13

e s g g 2 a3
Yes 0 2 7 1

R-TT/D-TG+GG

R-TG+GG/D-TT

R-TG+GG/D-TG+GG Yes o 3 S 3

Abbreviations: HCV-RNA, hepatitis C viral ribonucleic acid; EVR, early viral
response; R-age, age of the recipient at the time of transplantation; R-sex, sex of
the recipient; MELD, Model for end-stage liver disease score; HIV, human
immune deficiency virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus;
9R-SLV, percentage of graft size to recipient’s standard liver volume; ACR, acute
cellular rejection; D-age, age of the donor at the time of transplantation; D-sex,
sex of the donor; CyA, cyclosporine A; R-IL28B, recipient’s IL28B polymorphism
(rs8099917); D-IL28B, donor's 1L28B polymorphism (rs8099917); R-TT/D-TT, Both
recipient and donor carrying major allele (TT); R-TT/D-TG+GG, recipient carrying
major allele (TT) but donor carrying minor allele (TG or GG); R-TG+GG/D-TT,
recipient carrying minor allele (TG or GG) but donor carrying major allele (TT); R-
TG+GG/D-TG+GG, Both recipient and donor carrying minor allele (TG or GG).
doi:10.1371/journal.pone.0090462.t002
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Conclusions

In contrast to previous reports, when virologic response to
treatment was incorporated into analysis, the impact of IL28B
polymorphism on achieving SVR remained relative in our living
donor liver transplantation series under a preemptive interferon
and RBV-based treatment approach. HCV genotype 1b and on-
treatment response represented by EVR were both significant and
independent factors. Caution should be used when incorporating
the IL28B polymorphism into the teatment strategy of HCV
reinfection following liver transplantation in an absolute manner,
such as to the donor selection or graft allocation, however, until
the mechanism of its effect is elucidated and well-designed future
studies have confirmed its true nature,
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Abstract

Objectives: HCV co-infection is a poor prognostic factor in HIV-1-infected patients. Although the number of newly reported
patients who show seroconversion is increasing, the clinical features are still unclear, especially in Asian countries.

Design: A single-center retrospective cohort study of patients diagnosed between 2001-2012.

Methods: Acute hepatitis C (AHC) was diagnosed upon detection of high serum ALT (>100 IU) followed by anti-HCV
seroconversion. Clinical characteristics, HIV-1-related immunological status and IL-28B genotypes (rs12979860, rs8099917)
were collected. We compared these variables between patients with and without spontaneous clearance of HCV and
between responders and non-responders to treatment with pegylated interferon (PEG-IFN) plus ribavirin.

Results: Thirty-five patients were diagnosed with AHC during the study period. The majority (96.9%) were MSM. Three were
lost to follow-up. Seventy-five percent of patients with AHC (24/32) were asymptomatic and found incidentally to have high
serum ALT. Compared to those who did not show spontaneous clearance, patients with spontaneous HCV viral clearance
showed more symptoms and more severe abnormalities related to acute hepatitis. Spontaneous clearance was seen in 4 out
of 28 patients with CC+TT genotype, but not in 6 patients with IL-28B CT+TG genotype. PEG-IFN plus ribavirin treatment
was initiated in 12 out of 28 cases without spontaneous clearance. The sustained virological response rate was high (81.8%,
9/11), even in cases with CT+TG genotype infected with HCV genotype 1b (SVR 2/2).

Conclusions: Careful attention to AHC is needed in HIV-1-infected MSM. Early diagnosis and PEG-IFN plus ribavirin
treatment should be considered for AHC cases.
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Introduction

The estimated worldwide prevalence of hepatitis C virus (HCV)
infection is 2-3% [1]. HCV co-infection increases morbidity rate
in HIV infected individuals, and previous meta-analysis reported
mortality among patients co-infected with HCV was 1.35 times
higher than that among patients with HIV-infection alone even in
the highly active antiretroviral therapy (HAART) era [2]. In HIV-
1/HCV co-infected patients, progression to liver cirrhosis and
hepatocellular carcinoma (HCC) is faster than that in patients
without HIV-1 infection [3]. Furthermore, the response to
treatment with pegylated interferon (PEG-IFN) plus ribavirin
(RBV) in HIV-positive patients with chronic HCV' infection is
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poor (sustained virological response: SVR 19-40%), compared
with patients infected with HCV alone (SVR 54-61%) [4+-9].
The risk of HCV acquisition via heterosexual intercourse is
estimated to be very low [10]. Recently, however, a high incidence
of HCV seroconversion has been reported in HIV-1 infected men
who have sex with men (MSM) [11-13]. These results suggest that
new HCV infection can be a potential future problem in the
clinical management of HIV-1 infected patients. On the other
hand, a favorable response to treatment with PEG-IFN plus RBV
for acute hepatitis C (AHC) relative to that for chronic one has
been reported in HCV-infected (SVR 85-98%) [14,15] and HIV/
HCV co-infected patients (SVR 60-80%) [16,17]. In this regard,
the recent guidelines recommend PEG-IFN plus RBV treatment
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