Deep Sequencing on HBV Quasispecies

The prevalence of the 9 drug-resistant mutations detected by ultra-
deep sequencing in 14 chronic-naive cases ranged from 0.3% to
30.0%, indicating that the proportion of resistant mutations
substantially differed in each case. The most commonly detected
mutation was M204VI (9 cases) and M250VI (11 cases), which
were resistant to lamivudine and entecavir, and entecavir,
respectively. Other mutations resistant to adefovir were detected
in 7 (50.0%) and 3 (21.4%) cases at AISITV and N236T,
respectively (Table 4).

Nine (64.2%) chronic-naive cases possessed the M204VI
mutants in their liver tissues and the proportion of mutant clones
among the totally infected viruses ranged from 0.3% to 1.1%
among the M204VI mutant-positive patients. In chronic-NA
cases, 4 of 5 (80.0%) liver tissues harbored the M204VI mutants
with the proportion among the totally infected viruses ranging
from 0.4% to 18.7% (Table 4), while the mean serum HBV DNA
was suppressed below 2.6 log copies/ml (Table 1). These results
suggest that the mutant HBV clones comprising various drug-
resistant mutations could latently exist even in the liver of NA
treatment-naive cases.

Expansion of drug-resistant HBV clones harboring

M240VI mutations in response to NA administration

To clarify the risk of latent expansion of drug-resistant
mutations due to NA trcatment, we next cxamined the early
dynamic changes of the prevalence of M204VI mutants in the
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Table 3. The prevalence of G1896A mutation in the pre-C region, and A1762T and G1764A mutations in the core-promoter region
in the liver of patients chronically infected with HBV.
Mutation Frequency
NA (duration of
HBeAg/HBeAb treatment) G1896A (Pre C) A1762T (CP) G1764A (CP)
Chronic-naive
Liver #1 +/— - 640/1652 (38.7) 1647/1941 (849)°  1683/1979 (85.0)
Liver #2 +— - 9/596 (1.5) 682/687 (99.3) 683/689 (99.1)
Liver #3 /- , 273/672 406)  767/769 ©9.7) 7571760 (99.6)
Liver #4 +—= - 204/701 (29.1) 616/625 (97.6) 602/621 (96.9)
Liver #5 +/ - - 27/152 (17.8) 249/250 ~ (99.6) 245/248 (98.8)
Liver #6 +/ = - 228/621 (36.7) 727/729 (99.7) 743/744 (99.9)
Liver #7 ~/+ - 740/1193 620) 1908/1913 (99.7) 1888/1913 (98.7)
Liver #8 —/+ - 111/1892 (5.9) 2321/2325 (99.8) 2335/2339 (99.8)
Liver #9 —/+ - 10935/10944 (99.9) 12019/12032 (99.9) 12163/12170 (99.9)
Liver #10 —/+ - 4554/4593 (99.2) 1/5191 (0) 4/5188 0.1)
Liver #11 —/+ - 811/921 (88.1) 1234/1236 (99.8) 1226/1228 (99.8)
Liver #12 —/+ - 93/1265 (7.4) 1234/1234 (100) 1228/1229 (99.9)
Liver #13 -/+ - 83/877 (9.5) 1465/1529 (95.8) 1485/1549 (95.9)
Liver #14 —/+ - 0/717 (O] 1078/1410 (76.5) 1089/1414 (77.0)
Chronic-NA
Liver #15 —/+ LAM (156w) 0/390 (0) 441/453 (97.4) 435/448 (97.1)
Liver #16 —/+ ETV (1w) 0/1399 [®)] 1624/1632 (99.5) 1625/1630 (99.7)
Liver #17 —/+ LAM (144w) 345/816 (42.3) 988/991 (99.7) 994/994 (100)
Liver #18 —/+ LAM (98w) 2/3963 .1 1015/1188 (85.4) 1190/1194 (99.7)
Liver #19 —/+ LAM (11w) 48/4214 (1.1) 3438/3456 (99.5) 3446/3462 (99.5)
Values in parenthesis show mutation frequency (%): the ratio of total mutant clones to total aligned coverage at each nucleotide sites.
NA: nucleotide analogue, pre C: precore, CP: core promoter, LAM: lamivudine, ETV: entecavir.
doi:10.1371/journal.pone.0035052.t003

serum of treatment-naive patients in response to entecavir
treatment. Ultra-deep sequencing provided a mean 40,791- and
38,823-fold coverage of readings, which were mapped to the
M204VI nucleotide position at the YMDD sites of cach reference
sequence in patients before and after entecavir treatment.

Five of 14 (35.7%) patients harbored the M204VI mutations
prior to entecavir treatment. Although the serum HBV DNA
levels were significantly reduced in response to entecavir in all
cases, the M204VI mutant clones were detected in 9 cases
(64.3%) after entecavir administration (Table 5). Notably, one
patient (Serum #3) who harbored the M240VI mutant clones at
baseline had a relatively large expansion of drug-resistant clones
among the total viral population in a time-dependent manner in
response to entecavir treatment (Table 5). Similarly, M240VI
mutant clones became detectable after entecavir administration
in four patients (Serum #1, #7, #12, #13) that harbored no
resistant mutants at baseline (Table 5). We found no correlation
between the degree of the increase in the relative prevalence of
M204VI mutant clones and that of the reduction in serum HBV
DNA levels. Although only a limited number of patients exhibited
a substantial increase in M204VI mutant clones after adminis-
tration of anti-viral therapy, our findings might suggest that
entecavir treatment latently causes selective survival of drug-
resistant mutants in treatment naive patients with chronic HBV
infection.
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Figure 2. The reduction in the relative proportion of the G1896A pre-C mutant clones after entecavir administration. (A) The relative
proportion of the G1896A pre-C mutant was determined in the serum of treatment-naive patients pre- and post-entecavir administration using
quantitative real-time PCR. Serum #1~6 were HBeAg-negative and HBeAb-positive, and Serum #7~14 were HBeAg-positive and HBeAb-negative
before treatment. *: p<<0.05 (B) Semiquantitative PCR analysis was performed using primers specific to the wild-type (upper panel) or G1896A pre-C
mutant (lower panel) pre- and post-entecavir administration. A representative result from 5 cases is shown. (C) The relative proportion of the G1896A
pre-C mutant was compared in 14 treatment-naive patients between pre- and post-entecavir administration.

doi:10.1371/journal.pone.0035052.g002

Discussion

Direct population sequencing is the most common method for
detecting viral mutations [29]. Conventional sequencing tech-
niques, however, are not efficient for evaluating large amounts of
genetic information of the viruses. Newly developed ultra-deep
sequencing technology have revolutionized genomic analyses,
allowing for studies of the dynamics of viral quasispecies as well as
rare genetic variants of the viruses that cannot be detected using
standard direct population sequencing techniques [30,31]. The
sensitivity of ultra-deep sequencing analysis is primarily limited by
errors introduced during PCR amplification and the sequencing
reaction, thus it is a challenge to distinguish rare variants from
sequencing artifacts. In the present study, we optimized the ultra-
deep sequencing with a multiplex-tagging method and reproduc-
ibly detected variants within HBV quasispecies that were as rare as
0.3%. Based on this ultra-deep sequencing platform, we
determined the abundant genetic heterogeneity of HBV at the
intra- and inter-individual levels.

@ PLoS ONE | www.plosone.org

Because of its ability to handle abundant viral genome
information, ultra-deep sequencing allowed us to evaluate low-
abundant virus variants of patients with chronic HBV infection in
detail. It is widely accepted that HBe seroconversion is highly
associated with the emergence of G1896A pre-C and/or A1762T
and G1764A core promoter mutant clones [7-9]. Unexpectedly,
however, our results showed a diverse range of G1896A frequency
(0-99.9%) in HBeAg-negative subjects and a high prevalence of
core promoter mutations, irrespective of HBe serostatus. Consis-
tent with our observation, previous studies utilizing conventional
sequencing methods reported that the frequency of the G1896A
pre-C mutant ranged from 12% to 85% [32]. All but one patient
(Liver #10) showing a predominance of A1762T and G1764A
were infected with genotype C, while patient#10 was infected
with genotype B. Because A1762T and G1764A are reported to be
significantly more frequent in genotype C [33], the difference in
the prevalence of A1762T and G1764A in our study might be a
reflection of the viral HBV genotype rather than HBe serostatus.
Further investigation of the actual prevalence of these mutations
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Table 4. The prevalence of the 9 drug-resistant mutations detected by ultra-deep sequencing derived from liver tissue.
M204V/l L180M T184S/A/l/ LIG/C/M $202C/G/I 11697
Drugs LAM/ETV LAM/ETV ETV ETV ’ - ETV
Chronic-naive
Liver #1 27/5421 {0.5%) 2/3694 0] 9/3886 ] 5/5613 0| 5/3784 -
Liver #2 35/5344 (0.7%) 0/538 ¢ 1/563 6] 17/6340 ¢ 0/512 0]
Liver #3 13/1363 (1.0%) 0/304 ¢ 1/358 ) 71379 B 0/264 )
Liver #4 11/5113 ) 0/556 ) 2/547 (0.4%) 11/5133 6] 0/639 6]
Liver #5 2/117 (1.1%) 0/409 ; OF - 1/380 ¢ 17189 () 1/474 ¢
Liver #6 12/8451 Q] 0/309 O] 0/328 C] 22/8457 ) 0/334 6]
Liver #7 10/3098 {0.3%) 1/1547 ¢ 3/1477 ) 8/3161 ¢ 0/1621 )
Liver #8 13/2442 (0.5%) 1/2378 O] 6/2312 (O] 1/2564 ) 1/2507 O]
Liver #9 67/13879 (0.5%) 2/5443 0] 2/5107 ) 6/13804 ) 0/5650 ]
Liver #10 16/7400 O] 0/3524 ) 3/3283 [®) 5/7113 ) 0/3492 )
Liver #11 0/412 ) 1/1328 ¢ 1/295 (0.3%) 0/425 ) 3/4729 6]
Liver #12 4/1098 {0.4%) 1/1389 ) 0/1272 ¢ 2/1102 ) 0/1544 ¢
Liver #13 8/2476 (0.3%) 1/2192 ¢ 3/2085 -) 4/2529 @] 4/5029 O
Liver #14 5/3713 0] 0/2009 O] 4/1925 ¢ 2/3820 0] 5/3784 C)
Chronic-NA
Liver #15 0/339 ) 0/49 “) 0/49 ) 0/338 8] 0/40 C]
Liver #16 28/7278 (0.4%) 0/4403 0] 6/4053 O] 14/7556 ) 6/6084 6]
Liver #17 177/945 (18.7%) 0/1059 O] 0/1009 6] 0/945 ¢ 0/1051 8]
Liver #18 13/2655 {0.5%) 0/1239 ) 0/1185 ) 10/2708 (0.4%) 0/1332 0]
Liver #19 80/6795 (1.2%) 0/3168 8] 2/2971 O] 3/6734 8] 0/3384 6]
M250V/l A181T/IV N236T P237H
Drugs ETV ADV ADV ADV
Chronic-naive
Liver #1 23/2719 (0.9%) 10/3755 ) 4/4210 Q] 2/4139 )
Liver #2 9/2079 (0.4%) 2/549 (0.4%) 1/1144 ¢ 1/1188 0]
Liver #3 10/1699 (0.6%) 1/298 (0.3%) 3/1636 ) 1/1666 ¢
Liver #4 3/388 (0.8%) 3/549 (0.5%) 0/560 5 0/533 5]
Liver #5 2/91 (2.2%) 1/409 ) 0/55 ) 0/60 C]
Liver #6 0/214 C] 6/305 (2.0%) 1/294 (0.3%) 0/257 C]
Liver #7 7/1289 (0.5%) 4/1531 ©) 24/2738 (0.9%) 1/2692 ¢
Liver #8 2/1117 ) 689/2336 (29.5%) 2/1713 () 0/1639 =
Liver #9 27/7325 (0.4%) 38/5334 (0.7%) 1/6607 ) 4/6702 O]
Liver #10 12/3815 (0.3%) 0/3454 ¢l 13/3245 {0.4%) 2/3272 ©
Liver #11 1/199 (0.5%) 1/972 C] 0/251 ) 0/251 )
Liver #12 2/672 (0.3%) 408/1362 (30.0%) 0/598 ) 0/597 )
Liver #13 1/947 C] 2/2160 6] 0/1406 ) 1/1374 ¢
Liver #14 23/2719 (0.9%) 10/3755 ¢ 4/4210 ) 2/4139 ¢
Chronic-NA
Liver #15 1/303 (0.3%) 2/49 (4.1%) 0/377 ) 0/384 )
Liver #16 1/922 C] 0/4403 ) 1/1597 O] 3/1572 6]
Liver #17 0/755 C] 1/1050 ¢ 0/698 ) 145/698 (20.8%)
Liver #18 1/1464 C] 2/1206 ¢ 0/3156 Q] 0/3107 )
Liver #19 8/3834 C] 16/3128 {0.5%) 0/3372 0] 0/3428 ¢
(-): mutant clones less than 0.3% among total clones at each nucleotide sites.
LAM: lamivudine, ADV: adefovir, ETV: entecavir.
doi:10.137 1/journal.pone.0035052.t004
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Table 5. The prevalence of M204VI mutation at YMDD site in patients before and after entecavir administration.

Entecavir treatment

Before

After

Prevalence of the mutated clones

Prevalence of the mutated clones

Period of NA treatment

Serum #3 222/32,238 (0.7%)
Serum #2 401/34,041 (1.2%)
Serum #5 521/48,723 (1.1%)
Serum #8 748/65,573 (1.1%)
Serum #9 312/30,599 (1.0%)
Serum #1 9/22,843 )
Serum #7 26/65,564 -
Serum #12 91/65,616 )
Serum #13 11/23,209 )
Serum #4 3/7,923 (O]
Serum #6 52/65,582 )
Serum #10 38/22,522 Q]
Serum #11 47/43,853 0]
Serum #14 42/42,784 Q]

2,284/23,791 (9.6%) 2w

266/25,301 (1.1%) 24w
245/25,521 (1.0%) 56w
336/28,702 (1.2%) 48w
169/14,172 (1.2%) 56w
2,839/34,162 (8.3%) 8w

923/66,458 (1.4%) 4w

258/27,958 (0.9%) 24w
206/64,747 (0.3%) 32w
39/65,575 ) 12w
77/55,273 ) 16w
8/21,053 ) 8w

5/16,520 Q] 16w
40/36,668 ) 12w

(-): mutant clones less than 0.3% among total clones at each nucleotide sites.
doi:10.137 1/journal.pone.0035052.t005

and the elucidation of other unknown mutations involved in HBe
seroconversion are necessary for a better understanding of the
underlying mechanisms of HBe seroconversion.

One thing to be noted is that the majority of the chronic-NA
cases had extremely low levels of the G1896A pre-C mutant in
their liver tissues, even though those cases were serologically
positive for anti-HBe and negative for HBeAg. Moreover,
entecavir administration significantly reduced the proportion of
the G1896A pre-C mutant in the serum of the majority of patients
irrespective of their HBeAg serostatus, while the G1896A pre-C
mutant clones were detectable in a substantial proportion before
treatment in all cases. These findings suggest that the G1896A pre-
C mutant have higher sensitivity to NA than the wild-type viruses.
Consistent with this hypothesis, several previous studies reported
that NA is effective against acute or fulminant hepatitis caused by
possible infection with the G1896A pre-C mutant [34,35]. Based
on these findings, early administration of NA might be an effective
strategy for treating patients with active hepatitis infected
predominantly with the G1896A pre-C mutant.

Ultra-deep sequencing has a relatively higher sensitivity than
conventional direct population sequencing and is thus useful for
detecting drug-resistant mutations not detected by standard
sequencing [20,21]. Recently, we revealed that drug-resistant
mutants were widely present in treatment-naive HCV-infected
patients, suggesting a putative risk for the expansion of resistant
clones to anti-viral therapy [19]. Here, we demonstrated that
various drug-resistant HBV variants are present in a proportion of
chronically HBV-infected, NA-naive patients. Several studies
using ultra-deep sequencing provided evidence that naturally-
occurring drug-resistant mutations are detectable in treatment-
naive individuals with human immunodeficiency virus-1 infection
[30,36,37]. Consistent with the cases of human immunodeficiency
virus-1 infection, a few studies detected minor variants resistant to
NA in the plasma of treatment-naive patients with chronic HBV
infection [20,21]. It remains unclear, however, whether these
minor drug-resistant mutations have clinical significance. Our

@ PLoS ONE | www.plosone.org

Mutation frequency (%): the ratio of total mutant clones to total aligned coverage at each nucleotide sites.

observation of the relative expansion of viral clones with the
M204VI mutation during entecavir therapy in some cases
indicates the possibility that preexisting minor mutants might
provide resistance against NA through the sclection of dominant
mutant clones. Future studies with a larger cohort size are required
to clarify the clinical implications of the latently existing low-
abundant drug-resistant mutations.

The current ultra-deep parallel sequencing technology has
limitations in the analyses of viral quasispecies. First, because the
massively-parallel ultra-deep sequencing platform is based on a
multitude of short reads, it is difficult to evaluate the association
between nucleotide sites mapped to different genome regions in a
single viral clone. Indeed, potential mutational linkages between
the pre-C and reverse transcriptase regions were difficult to
elucidate due to the short read length of the shotgun sequencing
approach. Second, accurate analysis of highly polymorphic viral
clones by ultra-deep sequencing is also difficult because the
identification of mutations depends strongly on the mapping to the
reference genome sequences.

In conclusion, we demonstrated that the majority of patients
positive for anti-HBe and negative for HBeAg lacked the
predominant infection of the GI1896A pre-C mutant in the
presence of NA treatment, suggesting that the G1896A pre-C
mutant have increased sensitivity to NA therapy compared with
wild-type HBV. We also revealed that drug-resistant mutants
are widely present, even in the liver of treatment-naive HBV-
infected patients, suggesting that the preexisting low-abundant
mutant clones might provide the opportunity to develop drug
resistance against NA through the selection of dominant
mutations. Further analyses utilizing both novel and conven-
tional sequencing technologies are necessary to understand the
significance and clinical relevance of the viral mutations in the
pathophysiology of various clinical settings in association with
HBYV infection.
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Figure 81 Comparison of the viral complexity between
the liver and serum of the same individual. Shannon
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Abstract

Background: Given the limited efficacy and high adverse event rate associated with treatment of recurrent hepatitis C after
liver transplantation, an individualized treatment strategy should be considered. The aim of this study was to identify
predictors of response to antiviral therapy for hepatitis C after living donor liver transplantation (LDLT) and to study the
associated adverse events.

Methods: A retrospective chart review was performed on 125 hepatitis C virus (HCV)-positive LDLT recipients who received
interferon plus ribavirin and/or peginterferon plus ribavirin therapy at Kyoto University between January 2001 and June
2011.

Results: Serum HCV RNA reached undetectable levels within 48 weeks in 77 (62%) of 125 patients, and these patients were
defined as showing virological response (VR). Of 117 patients, 50 (43%) achieved sustained VR (SVR). Predictive factors
associated with both VR and SVR by univariate analysis included low pretransplant serum HCV RNA levels, a non-1 HCV
genotype, and low pretreatment serum HCV RNA levels. In addition, LDLT from ABO-mismatched donors was significantly
associated with VR, and white cell and neutrophil counts before interferon therapy were associated with SVR. Multivariate
analysis showed that 2 variables—pretransplant serum HCV RNA level less than 500 klU/mL and a non-1 HCV genotype-
remained in models of both VR and SVR and that an ABO mismatch was associated with VR. No variables with a significant
effect on treatment withdrawal were found.

Conclusions:\Virological response to antiviral therapy in patients with hepatitis C recurring after LDLT can be predicted prior
to transplant, based on pretransplant serum HCV-RNA levels and HCV genotype. LDLT from ABO-mismatched donors may
contribute to more efficacious interferon therapy.
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tation, resulting in poorer prognoses for HCV-positive recipients
than HCV-negative recipients [7]. To prevent the progression of
hepatitis C after liver transplantation, interferon-based combina-

Introduction

Hepatitis C virus (HCV) infection, leading to liver cirrhosis and

hepatocellular carcinoma, is the leading indications for liver
transplantation in Japan, the United States, and Western Europe.
However, almost all patients who undergo liver transplantation for
HCV-related liver disease develop recurrent viral infection, and
70-90% of patients suffer from histologically proven recurrent
hepatitis [1,2,3,4,5,6]. The progression of recurrent hepatitis C is
often accelerated and, without appropriate antiviral therapy, 10—
25% of patients develop cirrhosis within 5 years after transplan-
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tion therapy is commonly administered [8,9]. However, its efficacy
in liver transplant recipients is limited, with the mean sustained
virological response (SVR) rate among patients with recurrent
hepatitis C after liver transplantation being only 30% (range, 8—
50%) [10]. One of the reasons for the low SVR rate is the high
rate of treatment withdrawal. Several severe adverse events have
been reported in transplant recipients after interferon therapy,
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including chronic rejection and de novo autoimmune hepatitis
(11,42,138],

To improve the efficacy of anti-HCV treatment in patients with
hepatitis C after liver transplantation, an individualized treatment
strategy based on efficacy prediction and adverse events should be
attempted. In several studies, an analysis of predictors associated
with SVR was conducted in patients with recurrent hepatitis C
after  deceased  donor liver transplantation  (DDLT)
[10,14,15,16,17,18,19,20]. In these studies, variables most fre-
quently associated with SVR were early virological response
(EVR) at 3 months of therapy, HCV genotype 2, adherence to
therapy, and baseline viremia [14,15,16,17,18,19,20]. Of these
factors, EVR and adherence to therapy can only be recognized
after the initiation of treatment. However, to enable decisions on
treatment indications and strategy, predictors of response that are
available before initiation of therapy are more valuable. Thus, an
individualized treatment strategy could be based on the identifi-
cation of baseline predictive factors before interferon therapy.
Moreover, no study of factors predictive of response to the
interferon therapy in patients with recurrent hepatitis G after
living donor liver transplantation (LDLT) has been reported so far.
Characteristics specific to LDLT, including blood-relative donors,
post-transplant liver regeneration, and ABO-incompatible liver
transplantation, might cause the antiviral effects of interferon
therapy in these patients to differ from those who received DDLT.

The direct-acting antiviral agents telaprevir and boceprevir
recently became available for clinical use. The results of clinical
trials of these agents in combination with peginterferon plus
ribavirin in nontransplant patients with HCV were promising
[21,22,23,24]. SVR rates to telaprevir-based combination therapy
were significantly higher than those to the peginterferon-ribavirin
combination. The efficacy in the patients who had suffered a
relapse after a previous treatment by peginterferon plus ribavirin
was especially striking [21,24]. The SVR rate to telaprevir based-
therapy in patients who had a previous relapse was more than
80%, while that in patients who had no response to previous
treatment was around 30% [24]. These results suggest that
patients who show a virological response (VR) to peginterferon
plus ribavirin are expected to achieve SVR after telaprevir-based
therapy. Therefore, identification of factors predictive of virolog-
ical response to peginterferon plus ribavirin should also prove
useful when making the clinical decision about telaprevir usage. In
liver transplant recipients, the use of telaprevir and boceprevir
poses risks because of their inhibitory action on the enzyme
cytochrome P450 3A, responsible for the metabolism of both
tacrolimus and cyclosporine. In fact, the phase I study of telaprevir
in healthy individuals revealed that it significantly increased the
blood concentrations of both tacrolimus and cyclosporine [25].
Thercfore, the sclection of the patients for whom telaprevir is
prescribed is especially important in liver transplant recipients.

Recently, a polymorphism in the interleukin-28B (IL28B) gene
region, encoding interferon-lambda 3, was identified as a strong
predictive factor for response to antiviral treatment in nontrans-
plant patients with hepatitis C [26,27,28]. In post-transplant
patients, the IL28B polymorphism in both recipients and donors
was shown to be associated with response to antiviral treatment
[29,30]. In addition, HCV-RNA mutations, including those
affecting amino acid (aa) residues 70 and 91 in the core region
of HCV and those in the interferon sensitivity determining region
(ISDR) in nonstructural protein 5A (NS5A), were also demon-
strated to be predictors of response to interferon therapy in
transplant recipients, as well as In nontransplant scttings
[31,32,33]. These factors could be used to predict response to
antiviral therapy, but these are presently not part of a routine
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clinical examination and require special techniques not covered by
health insurance. Moreover, probing individual genetic informa-
tion poses potential ethical issues.

The aims of this study were, therefore, to identify noninvasively
obtained regular baseline factors associated with VR, SVR, and
treatment withdrawal, in order to elucidate the factors associated
purely with response to interferon therapy, to identify the
valuables related to final outcomes, and to clarify the factors
associated with adverse events.

Methods

A retrospective chart review was performed for all HCV-
positive liver transplant patients who received antiviral therapy
with standard interferon and/or pegylated interferon in combi-
nation with ribavirin after liver transplantation at Kyoto
University between January 2001 and June 2011.

Patients

Between March 1999 and June 2011, 214 HGCV-positive
recipients underwent LDLT at Kyoto University. Of these, 157
patients were followed up for more than 6 months after LDLT in
our hospital. Anti-viral therapy was administered to 125 of the 157
patients with recurrent hepatitis C between January 2001 and
June 2011. The remaining 32 patients did not receive anti-viral
therapy for various reasons: serum HCV-RNA negative after
LDLT (n=4), no histological hepatitis C recurrence in the follow-
up period (n=13), no fibrosis seen by liver histology (n=8), and
ongoing treatment for the other complications (n = 7). HCV RNA
concentrations and histological evidence were used to diagnose
patients with recurrent hepatitis G after LDLT. These patients
were given combination therapies with interferon plus ribavirin
and/or peginterferon plus ribavirin at Kyoto University between
January 2001 and June 2011. The study protocol was approved by
the Ethics Committee at Kyoto University and performed in
compliance with the Helsinki Declaration. Written informed
consent for participation in this study was not obtained, because
this study is an observational study without use of human
specimen. Our institutional review board waived the need for
written informed consent from the participants of the initial study.

Treatment Protocol and Definition of Responses to

Treatment

Between January 2001 and April 2004, patients with recurrent
hepatitis C after LDLT received treatment with interferon-o-2b (3
or 6 mega units, 3 times/week) plus ribavirin (400-800 mg/day
orally), for the first 6 months. This was followed by interferon
monotherapy for 6 months [34]. Forty patients received this
treatment. Of the 40 patients, 14 patients achieved SVR and 9
withdrew from the treatment protocol. The remaining 17 patients,
including 2 who relapsed and 15 nonresponders were retreated by
the following protocol with peginterferon and rebavirin. Between
May 2004 and June 2011, patients received combination therapy
with peginterferon-o-2b (1.5 pg/kg) plus ribavirin (400-800 mg/
day orally) [35]. Patients who acquired a negative serum HCV
RINA status within 12 months after treatment initiation continued
to receive the treatment for an additional 12 months before
treatment termination. Total 102 patients, including 17 patients
who had previously treated with standard interferon plus ribavirin
and did not achieve SVR, were treated with this treatment
protocol. Patients who were negative for serum HCV RNA for
more than 6 months after completion of interferon therapy were
defined as having achieved SVR. If serum HCV RNA was positive
after 12 months of treatment, therapy was discontinued or
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switched to maintenance therapy with low-dose peginterferon
[36], and the patient was classified as having shown no response.
Treatment was discontinued in patients with severe adverse events.
Additionally, peginterferon treatment was discontinued when
neutrophil and platelet counts fell below 500/pL and 30000/uL,
respectively, and ribavirin was discontinued when hemoglobin
levels fell below 8 g/dL.

We studied the final outcomes of the treatment with
peginterferon plus ribavirin (n = 102) and with standard interferon
plus ribavirin (n = 23).

Histological Assessment

Liver biopsies were performed when patients’ alanine amino-
transferase (ALT) levels were more than twice the normal upper
limit, or at yearly intervals, with informed consent. Biopsy
specimens were evaluated by 2 pathologists (HLH. and A.M-H.)
with extensive experience in the pathology of liver transplantation.
Necroinflammatory activity (A0~A3) and fibrosis stage (FO-F4)
were assessed using METAVIR scores [37,38]. Activity was
graded as A0 (no activity), Al (mild activity), A2 (moderate
activity), or A3 (severe activity); Fibrosis was staged as FO (no
fibrosis), F1 (mild fibrosis), F2 (moderate fibrosis), F3 (severe
fibrosis), or F4 (cirrhosis).

Immunosuppression

Tacrolimus and low-dose steroid therapy were administered to
induce immunosuppression in most patients [34]. Four patients
received cyclosporine microemulsions instead of tacrolimus.
Mycophenolate mofetil was administered to patients who experi-
enced refractory rejection or required reduction of tacrolimus or
cyclosporine doses due to adverse events. Patients who received
ABO blood-type incompatible transplants were treated with
rituximab, plasma exchange, and hepatic artery or portal vein
infusion with prostaglandin E1 and methylprednisolone [39].

Virological Assays

HCV genotype was determined using a genotyping system
based on polymerase chain reaction (PCR) to amplify the core
region using genotype-specific PCR primers [40]. Serum HCV
RNA load was evaluated before LDLT, before interferon
treatment, once a month during treatment, and 24 weeks after
treatment, using PCR and an Amplicor HCV assay (Cobas
Amplicor HCV Monitor, Roche Molecular Systems, Pleasanton,
CA, USA) untl April 2008, or a real-time PCR-based quantitation
method for HCV (COBAS AmpliPrep/COBAS TagMan HCV
Test, Roche Molecular Systems, Pleasanton, CA, USA) from May
2008. Detection of amino acid substitutions in the HCV core
region was performed using the method reported previously [31].

Statistical Analysis

To evaluate the association between the patient characteristics
and the outcomes (VR, SVR, or withdrawal), the Wald test was
performed based on a logistic regression model. Multivariate
logistic regression analysis with backward variable selection was
used to identify independent and significant predictors for the
outcomes, and to estimate the odds ratio (OR) ant its 95%
confidence interval (CI). A p-value of 0.05 was used for variable
selection and was regarded as significant. Statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc., Cary NC).
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Results

Patient Characteristics

This study included 125 HCV-infected liver transplant patients
treated with standard interferon and/or pegylated interferon in
combination with ribavirin for recurrent hepatitis C after LDLT.
Of the 125 patients, 69 (55%) were male, and the median age was
57 years (range: 15-70) at the beginning of the therapy. Most
patients were infected with HCV genotype 1b n=103, 82%).
HCV genotypes of the remaining patients were 2a n=13), 2b
(n=5), 3a plus 3b (n=1), not determined (n=2), and not
examined (n=1). Median serum HCV RNA load was 410 kIU/
mL (range: <0.5-5000<kIU/mL) before LDLT, and 3260 kIU/
mL (range: 31-69000<<kIU/mL) at the beginning of the interferon
therapy after LDLT. The median donor age was 41 (range: 19-65)
years. Seventy-two donors (58%) were male, and 86 (69%) were
related to the recipients. The graft type was the right lobe in 109
patients (87%), and the left lobe in 16 patients (13%). The blood
type combination was incompatible in 26 patients (21%). The
median time to treatment initiation after LDLT was 9.0 months
(1.1-85.3 months). Before treatment, the necroinflammatory
activity was Al or greater in all patients, and 104 patients (83%)
had a fibrosis score of Fl or greater (METAVIR score).
Tacrolimus-based immunosuppression was used in 116 patients
(93%). Among patients receiving tacrolimus for immunosuppres-
sion, the mean serum trough level was 6.0 ng/mL (range: 2.0—
12.7) at the initiation of interferon therapy. In addition to
calcineurin inhibitors, mycophenolate mofetil and prednisolone
were used at the initiation of the interferon treatment in 36 (29%)
and 19 (15%) patients, respectively.

Efficacy of Interferon Therapy

Of the 125 patients who received interferon therapy, serum
HCV RNA reached undetectable levels (less than 0.05 kIU/mlL)
within 48 weeks in 77 patients (62%) (Figure 1). These patients
were defined as showing virological response (VR). Of the
remaining 48 patients, 2 patients received treatment for less than
48 weeks, and 15 patients withdrew from the treatment protocol
within 48 weeks because of worsening of liver function (n=5),
recurrent hepatocellular carcinoma (n = 2), ascites (n = 2), anemia
(n=1), leucopenia (mn=1), brain hemorrhage Mm=1), biliary
complication (n=1), sepsis (n=1), or myocardial infarction
(n=1). The remaining 31 patients with detectable HCV RNA in
the serum 48 weeks after the initiation of the treatment were
placed in the non-VR group. All patients in the non-VR group
received peginterferon plus ribavirin therapy, including 9 patients
who had previously treated with standard interferon plus ribavirin
and did not achieve SVR. Of the patients with VR, 11
discontinued the treatment protocol within 24 weceks after serum
HCV-RNA Dbecame negative, and 6 patients are still under
treatment. The reasons for discontinuation were biliary compli-
cations (n = 2), worsening of liver function (n= 2), general fatigue
(n=2), recurrent hepatocellular carcinoma (n=1), leucopenia
(m=1), hemoptysis m=1), brain tumor (n=1), and depression
(n=1). Of 60 patients who achieved VR and completed the
treatment protocol, 50 achieved SVR and 10 relapsed. None of
the non-VR patients achieved VR even after more than 48 weeks
of treatment, and were classified as nonresponder (NR).

In summary, among the 117 patients in whom the final
outcomes of the treatment could be evaluated, 50 patients (43%)
achieved SVR, and the remaining 67 patients, including 10 who
relapsed (9%), 31 NR (26%), and 26 withdrawals (22%), were
classified as non-SVR.
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Figure 1. Flow diagram showing the outcome of interferon therapy in patients with recurrent hepatitis C after living donor liver
transplantation (LDLT) and indicating the classification of patients in this study. N, number of patients; VR, virological response; SVR,

sustained virological response; NR, nonresponder.
doi:10.1371/journal.pone.0058380.g001

Factors Predictive of Virological Response

Factors that could predict virological response were analyzed by
comparing patients in the VR (n=77) and non-VR (n = 31) groups
(Table 1). Univariate analysis demonstrated that a low pretrans-
plant serum HCV RNA level (less than 500 kITU/mL, P<0.001;
and less than 1000 KIU/mlL, P<<0.001), an ABO-mismatched
donor (P=0.036), HCV genotype (non-1, P=0.001), and a low
pretreatment serum HCV RNA level (less than 5000 kIU/mlL,
P=0.020) were significantly associated with VR. There were no
significant associations with any other variables, including donor
factors. Multivariate analysis revealed that the 3 variables that
retained a significant association in the model were a pretransplant
serum HCV RINA level less than 500 kIU/mL [odds ratio (OR):
0.178, 95% confidence interval (CI): 0.054-0.535, P=0.001], a
non-1 HCV genotype (OR: 0.087, 95% CI. 0.000-0.589,
P=0.008), and an ABO-mismatched donor (OR: 5.492, 95%
CI: 1.004-58.06, P=0.049) (Table 2). All 20 patients with a non-1
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HCV genotype achieved VR, while VR rate in patients with the
HCV genotype 1 was 65% (57 out of 88 patients). In the patients
with HCV genotype 1, VR rate was 80% (36 of 45 patients) when
pretransplant serum HCV-RNA level was less than 500 kIU/mL
and 42% (15 of 36 patients) when it was 500 kIU/mL or more.
Among 22 recipients from ABO-mismatched donors, 20 patients
(91%) showed VR, while 57 (66%) out of 86 patients who
underwent LDLT from an ABO-matched (identical and compat-
ible) donor achieved VR.

Factors Predictive of SVR

The same variables were analyzed to clarify factors that
predicted SVR by comparing patients in the SVR (n=>50) and
non-SVR (n=067) groups (Table 1). By univariate analysis, the
same variables that had a significant association with VR were
identified as significant predictive factors for SVR-low pretrans-
plant serum HCV RNA levels (less than 100 kIU/mL, P=0.028;
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Table 1. Baseline predictive factors before liver transplantation (pre-LT), at liver transplantation (at LT), and before interferon
therapy (pre-IFN) associated with virorogical response (VR) and sustained VR (SVR): Univariate analysis.
VR non-VR P SVR non-SVR P
n=77 n=31 n=50 n=67
Age at LT (years) 55 (8—67) 56 (37—69) 0.462 54.5 (8~67) 56 (30—69) 0.212
Gender Male 45 (74%) 16 (26%) 0.518 30 (46%) 35 (54%) 0.404
Female 32 (68%) 15 (32%) 20 (38%) 32 (62%)
HCC pre-LT No 29 (71%) 12 (29%) 0.919 18 (43%) 24 (57%) 0.984
Yes 48 (72%) 19 (28%) 32 (43%) 43 (57%)
MELD pre-LT 155 (3—-51) 15 (6—25) 0.403 16 (3—51) 15 (0~—43) 0616
Child-Pugh pre-LT A/B 35 (74%) 12 (26%) 0.488 25 (49%) 26 (51%) 0.192
C 41 (68%) 19 (32%) 24 (37%) 41 (63%)
unknown 1 0 1 0
Serum HCV RNA pre-LT <100 klU/mL 16 (89%) 2 (11%) 0.063 11 (65%) 6 (35%) 0.028
100 KIU/mL= 52 (65%) 28 (35%) 31 (35%) 57 (65%)
unknown 9 1 8 4
Serum HCV RNA pre-LT <500 kiU/mL 50 (85%) 9 (15%) <0.001 30 (55%) 25 (45%) 0.002
500 kiU/mL= 18 (46%) 21 (54%) 12 (24%) 38 (76%)
unknown 9 1 8 4
Serumn HCV RNA pre-LT <1000 KIU/mL 56 (81%) 13 (19%) <0.001 34 (49%) 36 (51%) 0.013
1000 KIU/mL= 12 (41%) 17 (59%) 8 (23%) 27 (77%)
unknown 9 1 8 4
HCV genotype Non-1 20 (100%) 0 (0%) 0.001 15 (79%) 4 21%) 0.002
1 57 (65%) 31 (35%) 35 (36%) 62 (64%)
unknown 0 1
Donor age at LT (years) 42 (20-63) 38 (21-61) 0.504 43 (20-60) 38 (19-63) 0748
Donor gender at LT Male 41 (67%) 20 (33%) 0.287 27 (40%) 40 (60%) 0.538
Female 36 (77%) 11 (23%) 23@6%) 27 (54%) ‘
Sex mismatch Match 28 (72%) 11 (28%) 0.932 18 (43%) 24 (57%) 0.984
' Mismatch 49 (71%) 20 (29%) 32 (43%) 43 (57%)
ABO mismatch Match 57 (66%) 29 (34%) 0.036 38 (40%) 56 (60%) 0310
Mismatch 20 (91%) 2 (9%) 12 (52%) 11 (48%)
Relation of donor ' Nonrelated 24 (73%) 9 (27%) 0827 16 (44%) 20 (56%) 0.803
Related - 53 (71%) 22 (29%) 34 (42%) 47 (58%)
Graft type Left lobe 13 (81%) 3 (19%) 0.347 8 (62%) 5 (38%) 0.155
Right lobe 64 (70%) 28 (30%) 42 (40%) 62 (60%)
Splenectomy No 38 (68%) 18 (32%) 0413 25 (39%) 39 (61%) 0378
Yes - 39 (75%) 13 (25%) 25 (47%) 28 (53%)
Age pre-IFN (years) 57 (15—68) 57 {41-70) 0.494 56 (15—68) 57 (32—70) 0.200
Months from LT to therapy 9.2 (1.1-85.3) 8.9 (1.8—59.0) 0.846 9.0 (1.3-853) 9.0 (1.3-72.4) 0.879
Trough level for tacrolimus (ng/mL) 5.9 (2.0—10.9) 6.4 (3.3—10.6) 0.323 6.2 (2.2—9.5) 5.9 (2.0—12.7) 0.933
pre-IFN
MMF pre-IFN No 55 (71%) 23 (29%) 0.772 36 (43%) 48 (57%) 0.966
Yes 22 (73%) 8 (27%) 14 (42%) 19 (58%)
| Prednisolone pre-IFN No 64 (70%) 28 (30%) 0347 . 41 (41%) 60 (59%) 0.245
Yes 13 (81%) 3 (19%) 9 (56%) 7 (44%)
Serum HCV RNA pre-IFN <1000 kIU/mL 17 (89%) 2 (11%) 0.064 8 (38%) 13 (62%) 0.583
1000 KIU/mL= 58 (67%) 29 (33%) 42 (45%) 52 (55%)
unknown 2 0 0 2
Serum HCY RNA pre-IFN <5000 KU/mL 52 (78%) 15 (22%) 0.020 36 (50%) 36 (50%) 0.030
5000 KU/mL= 18 (55%) 15 (45%) 10 (28%) 26 (72%)
unknown 7 1 4 5
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less than 500 kIU/mL, P=0.002; and less than 1000 kIU/mL,
P=0.013), HCV genotype (non-1, P=0.002), and low pretreat-
ment serum HCV RNA levels (less than 5000 kIU/mL,
P=10.030). In addition, white cell count (P=0.049) and neutrophil
count (P=0.044) before interferon therapy were significantly
associated with SVR. Multivariate analysis showed that 2 variables
were independently associated with SVR-a non-1 HCV genotype
(OR: 0.182, 95% CI: 0.054-0.614, P=0.006), and pretransplant
serum HCV RNA levels lower than 500 kIU/mL (OR: 0.310,
95% CI 0.130-0.742, P=0.009) (Table 3). SVR rate among
patients with a non-1 HCV genotype was 79% (15 of 19 patients)
on average, 83% (10 of 12 patients) when pretransplant serum

Table 1. Cont.
VR non-VR P SVR non-SVR P
n=77 n=31 n=50 n=67
White cell count (102/mL) 51 (13—114) 49 (17—-98) 0.135 49 (18-114) 48.5 (13—99) 0.049
Neutrophil count (102/mL) 26 (8—89) 22 (11-58) 0.127 26 (11—89) 23 (8—61) 0.044
Hemoglobin (g/dL) 12.0 (9.2—17.2) 12.0 (8.9-17.9) 0.638 12.0 (9.4-17.2) 11.8 (8.9-17.9) 0.157
Platelet count (104/mL) 21.7 (4.7-58.1) 15.1 (4.3—40.0) 0.153 20.3 (5.0—58.1) 15.8 (4.3—45.8) 0.165
AST (IU/L) 78 (19~352) 72 (25—464) 0.677 85 (21—352) 75 (24—547) 0.887
ALT (UL) 93 (18—395) 82 (21-392) 0.544 106 (22—395) 82 (18—597) 0.251
ALP (1U/L) 461 (199—1985) 433 (168—2977)  0.345 470 (204—1985) 470 (168—2977)  0.610
g-GTP (IU/L) 118.5 (15—1623) - 114 (20—1827) 0.856 141 (15—1623) 115 (20—1827) 0.356
Bilirubin (mg/dL) 0.9 (0.3-11.0) 0.9 (0.3—-10.4) 0.827 0.9 (04—11.0) 1.0 (0.3~13.7) 0611
Activity grade pre-IFN Al 54 (75%) 18 (25%) 0.448 35 (47%) 40 (53%) 0.517
A2 22 (65%) 12 (35%) 14 (36%) 25 (64%)
A3 1 (50%) 1 (50%) 1 (33%) 2 (67%)
Fibrosis stage pre-IFN FO 9 (60%) 6 (40%) 0.446 6 (32%) 13 (68%) 0.530
F1 54 (75%) 18 (25%) 34 (46%) 40 (54%)
F2/3 14 (67%) 7 (33%) 10 (42%) 14 (58%)
Steatosis (5%<} pre-IFN No 40 (69%) 18 (31%) 0.609 27 (42%) 38 (58%) 0.633
Yes 36 (73%) 13 (27%) 23 (46%) 27 (54%)
unknown 1 0 0 2
Cholestasis pre-IFN No 58 (71%) 24 (29%) 0.903 38 (42%) 53 (58%) 0.577
Yes 18 (72%) 7 (28%) 12 (48%) 13 (52%)
unknown 1 0 0 1
NOTE. Qualitative variables are shown in number; and quantitative variables expressed as median (range). P-values are calculated by Wald test for logistic regression
i?,a!li):f:r'transplantation; HCC, hepatocellular carcinoma; MELD, model for end-stage liver disease; HCV, hepatitis C virus; MMF, mycophenolate mofetil; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; g-GTP, gamma-glutamyl! transpeptidase.
doi:10.1371/journal.pone.0058380.t001

HCV-RNA level was less than 500 kIU/mlL, and 50% (2 of 4
patients) when it was 500 kIU/mL or more. In patients with HCV
genotype 1, SVR rate was 36% (35 of 97 patients) on average,
47% (20 of 43 patients) when pretransplant serum HCV-RNA
level was less than 500 kIU/mL, and 22% (10 of 45 patients) when
it was 500 kIU/mL or more.

Amino Acid Substitutions in Core Region of HCVY

To determine the viral factors that predicted VR and SVR in
patients infected with HCV genotype 1b, association of aa
substitutions at aa 70 of arginine or glutamine/histidine and aa

Table 2. Predictive factors associated with virological response (VR): Multivariate analysis.

Odds Ratio 95% confidence intervals P-value
Serum HCV RNA pre-LT <500 klU/mL 1 - -
500 klU/mL= 0.178 0.054-0.535 0.001
HCV genotype Non-1 1 - -
1 0.087 0.000-0.589 0.008
ABO mismatch Match 1 - -
Mismatch 5.492 1.004-58.06 0.049

HCV, hepatitis C virus; LT, liver transplantation.
doi:10.1371/journal.pone.0058380.t002
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Table 3. Predictive factors associated with sustained virological response (SVR): Multivariate analysis.

Odds Ratio 95% confidence intervals P-value
HCV genotype Non-1 1 - -
1 0.182 0.054-0.614 0.006
Serum HCV RNA pre-LT <500 kiU/mL 1 - -
500 kiU/mL= 0.310 0.130-0.742 0.009

HCV, hepatitis C virus; LT, liver transplantation.
doi:10.1371/journal.pone.0058380.t003

91 of leucine or methionine with VR and SVR were analyzed in
40 patients, whose pre-trcatment sera were stored (Table 4). As a
result, substitutions of both aa 70 and aa 91 were not significantly
associated with VR and SVR.

Predictors of Withdrawal from Therapy

Predictive factors for withdrawal from the treatment protocol
were evaluated by comparing 26 patients who withdrew from the
treatment protocol and the patients who completed the treatment
including patients with SVR, patients who relapsed, and NR.
None of the variables analyzed had a significant effect on
withdrawal (Data not shown).

Discussion

In this study, we identified 2 independent predictors of SVR in
patients with recurrent hepatitis C after LDLT by multivariate
analysis: A non-1 HCV genotype and pretransplant serum HCV-
RINA levels lower than 500 kIU/mlI.. The same factors were
identified as predictors for VR, which purely indicates response to
interferon therapy, by excluding the influences of the premature
termination of the therapy and virological relapse after termina-
tion of the treatment. In addition, an ABO-incompatible LDLT
was identified as an independent variable predicting VR.

In non-transplant settings, pretreatment predictors of response
to interferon therapy have been analyzed in many studies, and the
viral genotype and pretreatment viral load have been almost
invariably shown to be 2 major predictors of SVR [41,42,43,44].
SVR rates were higher in patients infected with a non-1 HCV
genotype and in those with a low pretreatment viral load. These 2

patients infected with HCV genotype 1b: Univariate analysis.

factors have been also identified in several reports [16,17,18,19] as
factors predicting SVR in patients with recurrent hepatitis C after
DDLT. In the present study, a non-1 HCV genotype was again
identified as an independent predictive factor for both VR and
SVR in patients with recurrent hepatitis G after LDLT by
multivariate analysis. A pretreatment viral load <5000 kIU/mL
was also a significant predictive factor by univariate analysis, but it
was not an independently associated variable by multivariate
analysis. On the other hand, pretransplant viral load was identified
as an independent variable predictive of both VR and SVR by
multivariate analysis.

While reports of factors that can control viral load exist, the
mechanism by which serum HCV-RNA levels are regulated has
not yet been completely clarified. A correlation between mutations
in the ISDR sequence in the NSSA region of the HCV genome
and serum HCV RNA levels has been reported. We did not
analyze this viral factor in the current study; however, it is possible
that the HCV genome sequence determines both pretransplant
viremia and response to interferon therapy. The host polymor-
phism in IL28B, which was identified as a strong predictor of
virological response to interferon therapy in patients with hepatitis
C, was recently reported to be associated with baseline viral load
[26,45]. The allele associated with a better treatment response is
associated with a higher baseline viral load. This finding does not
correspond with our results showing that a low HCV load predicts
a better response to treatment. We speculate that the balance
between host immunity and HCV replication regulates the serum
HCV load, and that this balance also determines VR. As
pretreatment viral load in post-transplant patients is influenced
by immunosuppressive agents, the original host-virus balance

Table 4. Association of amino acid substitutions in the core region with virorogical response (VR) and sustained VR (SVR) in 40

VR non-VR P SVR non-SVR P
n=22 n=13 n=14 n=24
Core aa 70 Arg 9 (75%) 3 (25%) 0.289 7 (50%) 7 (50%) 0.204
Gln/His 13(57%) 10 (43%) 7 (29%) 17 (71%)
Core aa 91 Leu 14 (64%) 8 (36%) 0.902 9 (38%) 15 (63%) 0.912
Met 8 (62%) 5 (38%) 5 (36%) 9 (64%)
Core aa 70 and 91 70 Arg and 91 Leu 6 (67%) 3 (33%) 0.784 5 (50%) 5 (50%) 0.320
Cthers 16 (62%) 10 (38%) 9 (32%) 19 (68%)
Core aa 70 and 91 70 GIn/His and 91 Met 5 {50%) 5 (50%) 0.324 3 (30%) 7 (70%) 0.603
Others : 17 (68%) 8 (32%) 11 (39%) 17 (61%)

Arg, Arginine; Gln, glutamine; His, histidine; Leu, leucine; Met, methionine.
doi:10.1371/journal.pone.0058380.t004

PLOS ONE | www.plosone.org

NOTE. Data are shown in number. P-values are calculated by Wald test for logistic regression analysis.
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would be reflected better by serum HCV levels before transplan-
tation than by those after transplantation. It is unclear whether this
result is specific to LDLT or holds true for both DDLT and
LDLT. The significance of pretransplant viral load in DDLT as a
predictor for virological response to post-transplant interferon
therapy has not been analyzed in most previous studies [10].
Further analysis in patients who receive DDLT could help clarify
the underlying mechanism.

Liver transplantation across the ABO blood-type barrier (ABO-
incompatible) is generally contraindicated because of the possibil-
ity of graft loss caused by antibody-mediated rejection and is
performed under exceptional circumstances as a rescuc option in
an emergent situation. However, ABO-incompatible LDLT has
been performed in Japan to overcome organ shortage problems.
Recently, rituximab prophylaxis and local infusion of prostaglan-
din E1 and steroids were established as therapeutic measures for
recipients who underwent ABO-incompatible LDLT, and these
treatments improved outcomes [46]. Interestingly, in this study, we
found that an ABO-mismatched donor is associated with VR to
interferon therapy. The reason for this interesting finding is
unclear, but it is possible that either subclinical antibody-mediated
rejection or drugs such as rituximab and prostaglandin E1 used in
ABO-incompatible recipients may contribute to the higher VR to
interferon therapy. There is hope that future studies to clarify the
basic mechanism underlying this result will lead to a novel strategy
to improve the efficacy of interferon therapy in patients with
hepatitis C.

Amino acid substitutions of core region of HGV were not
associated with treatment response in our analysis. We do not
know the reason for the difference of impact of substitution of core
aa 70 and aa 91 on virological response to interferon therapy from
a previous report, in which SVR rate were significantly higher in
transplant recipients with aa 70 of arginine and aa 91 of leucine of
core region of HCV [33]. As sample size of both the previous
study and our present study are small, and our present study did
not assess the other HCV RNA mutations, including ISDR [32]
and interferon/ribavirin resistance-determining region [47] in
NS5A, and IL28B polymorphism in recipients and donors, further
analysis should be required in larger cohorts.

Another aim of this study was to identify predictive variables for
adverse cvents during interferon therapy, but none of the studied
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Aim: Hepatitis B recurrence after liver transplantation can be
reduced to less than 10% by combination therapy with lami-
vudine (LAM) and hepatitis B immunoglobulin (HBIG). The aim
of this study was to evaluate the efficacy and safety of pro-
phylaxis with entecavir (ETV), which has higher efficacy and
lower resistance rates than LAM, combined with HBIG in
preventing hepatitis B recurrence after living-donor liver
transplantation (LDLT).

Methods: Twenty-six patients who received ETV plus HBIG
(ETV group) after LDLT for hepatitis B virus (HBV)-related end-
stage liver disease were analyzed by comparing with 63
control patients who had received LAM plus HBIG (LAM
group).

Results: The survival rates of the patients treated with ETV
plus HBIG was 73% after both 1 and 3 years, and there was no

statistical difference between the patients in the ETV group
and LAM group. No HBV recurrence was detected during the
median follow-up period of 25.1 months in the ETV group,
whereas the HBV recurrence rate was 4% at 3 years and 6% at
5 years in the LAM group. No patients had adverse effects
related to ETV administration.

Conclusion: ETV combined with HBIG provides effective and

safe prophylaxis in preventing hepatitis B recurrence after
LDLT.

Key words: entecavir, hepatitis B, liver transplantation,
living donor

INTRODUCTION

HE RECURRENCE OF hepatitis B virus (HBV) infec-

tion after liver transplantation for HBV-related dis-
eases resulted in poor outcomes before the development
of effective prophylaxis with lamivudine (LAM) and
hepatitis B immunoglobulin (HBIG). Without the pro-
phylaxis, the majority of patients developed recurrent
infections due to HBV in the early phases after liver
transplantation, and the recurrence resulted in rapidly
progressive liver injury, early graft loss and reduced
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survival.’-* The development of prophylaxis dramati-
cally reduced the post-transplant recurrence of hepatitis
B and markedly improved prognosis. The most widely
used prophylaxis so far has been a combination therapy
of LAM and i.v. HBIG.

In the non-transplant setting, the long-term use of
LAM resulted in high rates of emergence of resistance to
the drug, with rates ranging 14-32% after 1 year and
60-70% after 5 years of treatment. In most cases, the
resistance was the result of selection of LAM-resistant
mutations in the YMDD motif of the DNA polymerase
domain of HBV.* Moreover, the emergence of HBV
strains with mutations that allow escape from hepatitis
B surface antibody (anti-HBs) recognition has been
reported in patients vaccinated for HBV,>® in patients
with chronic hepatitis B”® and in liver transplant recipi-
ents after HBIG administration.’”!! Therefore, the emer-
gence of LAM resistance and HBIG resistance might
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increase the risk of recurrence during long-term admin-
istration of LAM and HBIG, although the rate of HBV
recurrence in liver transplant recipients who received
prophylaxis with LAM and HBIG for more than 10 years
has not been reported to date. At present, several nucleo-
side analogs are available for the treatment of chronic
hepatitis B*. Among them, there is entecavir (ETV), a
carbocyclic analogue of 2’-deoxyguanosine, which has
been shown to have higher efficacy than LAM in patients
with chronic hepatitis B. In addition, ETV has a higher
genetic barrier to resistance than LAM. The resistance
to ETV requires at least three mutations including
1tM204V/1, which causes LAM-resistance, rtL180M, and
a mutation at one of the following codons: rtT184,
1tS202 or rtM250.* Therefore, ETV is now used as a
first-line therapy in the treatment of chronic hepatitis
B worldwide. Data available in the published work
suggest that, in transplant recipients, ETV plus HBIG
represents a better prophylaxis protocol than LAM plus
HBIG for long-term prevention of HBV recurrence after
liver transplantation. However, the efficacy and safety of
this treatment is largely unknown.

The aim of this study was to evaluate the efficacy and
safety of prophylaxis with ETV and HBIG in preventing
hepatitis B recurrence after living-donor liver transplan-
tation (LDLT).

METHODS

Patients

E RETROSPECTIVELY ANALYZED the medical

records of 97 patients who underwent LDLT for
HBV-related end-stage liver diseases from September
2002 to December 2010. Of these, eight patients were
excluded from our study because they had breakthrough
hepatitis due to HBV with LAM-resistant mutations and
were prescribed LAM plus adefovir before liver trans-
plantation. Accordingly, 89 patients were enrolled in
this study.

Prophylaxis with ETV or LAM combined
with HBIG

Lamivudine plus HBIG therapy was given to all recipi-
ents with HBV-related end-stage liver diseases from
September 2002 to November 2006, as reported previ-
ously.’? From December 2006, we changed the protocol
for prophylaxis to ETV plus HBIG. ETV at a dose of
0.5 mg/day or LAM at a dose of 100 mg/day was given
before transplantation, usually when the patient was
referred to the hospital and scheduled for transplanta-

© 2012 The Japan Society of Hepatology
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tion. Preoperative ETV or LAM prophylaxis was followed
by combination with HBIG after transplantation. The
first application of HBIG at a dose of 200 IU/kg body
mass was administrated i.v. during the anhepatic phase
of LDLT, and repeated every day for the first 5 days
post-surgery. HBV serological markers were examined at
weekly intervals for the first 2 months after the trans-
plant, then at monthly intervals, and 1000 IU of HBIG
was periodically administrated to maintain the serum
anti-HBs titers at more than 500 IU/L during the
first 6 months and 200 IU/L thereafter throughout the
follow-up period.’

Immunosuppression

Tacrolimus and low-dose steroid therapy were adminis-
trated to induce immunosuppression in most patients.’?
Mycophenolate mofetil was administrated to patients
who experienced refractory rejection or required reduc-
tion of tacrolimus dose due to adverse events. Patients
who received ABO blood-type-incompatible transplants
were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin
E1 and methylprednisolone.™

Diagnosis of HBV activation

Activation of HBV was diagnosed when hepatitis B
surface antigens (HBsAg) and/or HBV DNA became
positive in the serum of the patients. After LDLT, HBsAg,
anti-HBs and serum HBV DNA were measured at least at
3 monthly intervals. Serological HBV markers, includ-
ing HBsAg, anti-HBs, hepatitis B core antibody, hepatitis
B e antigen (HBeAg) and antibodies to HBeAg (anti-
HBe), were measured by chemiluminescent enzyme
immunoassay (Fuji Rebio, Tokyo, Japan). Serum HBV
DNA titer was analyzed using a commercial polymerase
chain reaction (PCR) assay (Amplicor HBV Monitor;
Roche, Branchburg, NJ, USA). LAM-resistant YMDD
mutant virus was detected by the PCR enzyme-linked
mini-sequence assay.'®

Statistical analysis

Baseline characteristics are shown in Table 1. For con-
tinuous variables, medians and ranges are given, and the
significance of the data was analyzed with the Wilcoxon
rank sum test. For categorical variables, counts are given,
and the data were analyzed with the 7>-test. Survival
rates and the rates of patients who showed HBV activa-
tion after LDLT were estimated using the Kaplan-Meier
method and compared using log-rank tests. P < 0.05
was considered significant.
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Table 1 Baseline characteristics of 90 patients

Entecavir and HBIG after LDLT 69

Entecavir + HBIG (n = 26) Lamivudine + HBIG (n = 63) P-value
Age (years) 55 (33-68) 53 (26-64) 0.062+
Men/women 19/7 46/17 0.995%
Primary disease 0.595%
Acute liver failure 6 (23%) 9 (14%)
Liver cirrhosis, HCC" 6 (23%) 20 (32%)
Liver cirthosis, HCC* 14 (54%) 34 (54%)
HBV markers before LDLT
HBsAg" 24 (92%) 61 (97%) 0.350%
HBeAg" 6 (23%) 18 (29%) 0.595%
HBV DNA before LDLT <2.6 (<2.6-7.6<) 3.7 (<2.6-7.6<) 0.010%
<2.6log IU/mL 14 (54%) 19 (30%) 0.024%
Follow-up period (months) 25.1 (0.2-58.6) 70.6 (0.5-109.2) <0.0017

Qualitative variables are shown in number; and quantitative variables expressed as median (range).

tWilcoxon rank sum test.
$y>-Test.

HBeAg, hepatitis B e antigen; HBIG, hepatitis B immunoglobulin; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma; LDLT, living-donor liver transplantation.

RESULTS

Patient characteristics

'WENTY-SIX PATIENTS who received ETV plus HBIG

(ETV group) after LDLT for HBV-related end-stage
liver disease were included in this study. Baseline char-
acteristics of these patients are listed in Table 1 and
compared with those of 63 control recipients who
received LAM plus HBIG (LAM group) at our institute
already present in our database. The two groups of
patients did not differ significantly by age, sex, primary
diseases or serological markers for HBV before LDLT.
Serum HBV DNA levels before LDLT were significantly
lower in the ETV group than in the LAM group. Fourteen

Figure 1 (a) Post-transplantation sur-
vival rates and (b) hepatitis B virus
(HBV) recurrence after living-donor
liver transplantation in HBV positive
recipients who received entecavir and
hepatitis B immunoglobulin (HBIG)
(solid line), or lamivudine and HBIG
(dotted line), estimated by Kaplan-
Meier method.

Patients survival

Years after liver transplantation

of 26 patients (54%) showed less than 2.6 log IU/mL of
serum HBV DNA in the ETV group. Median follow-up
period was 25.1 months (range, 0.2-58.6) in the ETV
group, whereas it was 70.6 months (range, 0.5-109.2)
in the LAM group.

Efficacy and safety of prophylaxis with ETV
plus HBIG

Survival rates of the patients treated with ETV plus HBIG
estimated by Kaplan-Meier analysis was 73% at both 1
and 3 years (Fig. 1a). There was no difference between
the ETV group and the LAM group, in which survival
rates were 81% at 1 year, 78% at 3 years and 73% at

Years after liver transplantation

© 2012 The Japan Society of Hepatology
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5 years. Causes of death in patients in the ETV group
were pneumonia (n=2), sepsis (n=1), pulmonary
hemorrhage (n= 1), cerebral hemorrhage (n=1), graft
liver failure (n=1) and multiple organ failure (n=1),
none of which were related to ETV. No HBV recurrence
was detected in the median follow-up period of
25.1 months in the ETV group, whereas the HBV recur-
rence rate was 2% at 1 year, 4% at 3 years and 6% at
5 years in the LAM group (Fig. 1b). Three patients in
the LAM group had HBV recurrence at 10, 34 and
46 months after LDLT. The emergence of HBV with
LAM-resistant mutations in the YMDD motif was con-
firmed in two of the three patients. HBV mutations of
another patient could not be determined because of the
low level of serum HBV DNA. As the follow-up period of
the ETV group was shorter than that of the LAM group
and the HBV recurrence in the LAM group occurred in
long-term follow-up after LDLT, the rate of HBV recur-
rence was not significantly different between the ETV
and LAM groups. No patients had adverse events due to
ETV administration.

DISCUSSION

N THIS STUDY, we demonstrated that ETV combined

with HBIG provides effective and safe prophylaxis in
preventing hepatitis B recurrence after LDLT.

Two studies of patients receiving a combination of
ETV and HBIG after liver transplantation have been
previously reported.’®” One study demonstrated that
30 recipients who received ETV plus HBIG prophylaxis
had no recurrence of HBV and no adverse effect relat-
ing to ETV.Y” The other study showed that no
HBV recurrence was observed in two recipients with
HBV-associated cirrhosis receiving ETV, tenofovir and
HBIG."® Both studies showed the efficacy and safety of
prophylaxis with ETV and HBIG in preventing short-
term recurrence of HBV after liver transplantation.
The current study confirmed their results for longer
follow-up periods. Our results showed that prophylaxis
with ETV and HBIG has similar efficacy and safety to
that with LAM and HBIG, but did not show any further
advantage of ETV compared to LAM treatment. Longer
follow up might be needed to reveal the difference of
HBV recurrence rate. One characteristic of our present
report is that all patients in this study underwent LDLT.
Our results suggest that prophylaxis with ETV and
HBIG in patients after LDLT has similar efficacy and
safety to patients after deceased-donor liver transplan-
tation demonstrated in the previous reports.'*’” More
recently, efficacy of ETV monotherapy in preventing

© 2012 The Japan Society of Hepatology
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recurrence of HBV for liver transplant recipients with
chronic hepatitis B was reported.'® The study demon-
strated that most patients showed disappearance of
HBsAg and undetectable serum HBV DNA after liver
transplantation without HBIG. Although long-term
efficacy of ETV monotherapy needs be confirmed, both
our data and previous reports suggest that ETV is an
effective and safe antiviral agent in the post-transplant
setting.
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Splenectomy Prolongs the Effects of Corticosteroids in Mouse Models

of Autoimmune Hepatitis

RYUTARO MARUOKA, 2* NOBUHIRO AOKI,2* MASAHIRO KIDO,"2 SATORU IWAMOTO, "2 HISAYO NISHIURA, 12
AKI IKEDA, 2 TSUTOMU CHIBA,? and NORIHIKO WATANABE'+2

"Center for Innovation in Immunoregulative Technology and Therapeutics and 2Depa/1menz‘ of Gastroenterology and Hepatology, Graduate School of Medicine,

Kyoto University, Kyoto, Japan

BACKGROUND & AIMS: Most patients with autoim-
mune hepatitis (AIH) initially respond to treatment with
corticosteroids but often experience a relapse after treat-
ment is withdrawn. BALB/c mice with disruption of
programmed cell death 1 (PD-17" mice) that undergo
thymectomy 3 days after birth develop a deregulated
immune system, have reduced numbers of Foxp3™ regu-
latory T cells, and develop fulminant hepatic failure that
resembles acute-onset AIH in humans. We examined
whether splenectomy overcomes corticosteroid insuffi-
ciency and reduces the severity of AIH in these mice.
We also developed a mouse model of chronic AIH to
investigate the effects of splenectomy. METHODS: After
thymectomy, BALB/c PD-17" mice were treated with
dexamethasone before or after induction of AIH; sple-
nectomy was performed in mice that had and had not
been treated with dexamethasone. Neonatal CS7BL/6
PD-17" mice underwent thymectomy to create a model of
chronic ATH. RESULTS: Injection of dexamethasone
before or after induction of ATH prevented development of
fatal ATH in BALB/c PD-17" mice. However, injection of
dexamethasone after induction of AIH did not suppress
splenic production of follicular helper T cells, and
discontinuation of dexamethasone led to a relapse of ATH.
Splenectomy (even without administration of dexameth-
asone) prevented AIH. Neonatal C57BL/6 PD-17" mice
that underwent thymectomy developed chronic hepatitis
with fibrosis and hypergammaglobulinemia and produced
antinuclear antibodies; AIH was found to be induced
in the spleen. Splenectomy reduced liver inflammation
in these mice and in BALB/c PD-I7" mice with AIH.
CONCLUSIONS: AIH can be induced in mice via
disruption of PD-1 and thymectomy; these cause the
same disruptions in immune regulation in BALB/c
and C57BL/6 mice but produce different phenotypes.
Splenectomy overcomes corticosteroid insufficiency in
mice and prolongs the effects of dexamethasone.

Keywords: Autoimmunity; ANA; Necrosis; T-Cell Response.

dministration of corticosteroids is the first-line ther-

apy for patients with autoimmune hepatitis (ATH).
The majority of patients initially respond well to cortico-
steroids, alone or in combination with azathioprine.™
After initial remission, maintenance therapy is continued
for years. However, long-term treatment is discontinued in
13% of patients with AIH because of drug-related side

effects.>® Half of patients with AIH who achieve remission
experience a relapse within 6 months after withdrawal
of corticosteroids, and multiple relapses are associated
with a poor prognosis.”® Even when liver inflammation
disappears completely, 13% of those patients eventually
experience a relapse.” In addition to the difficulty in sus-
taining remission, a recent study showed that the long-
term mortality of patients with ATH due to liver disease
is greater than that of the general population.'® Notably,
in Europe and the United States, patients with AIH ac-
count for 4% of liver transplants.* To find clues to over-
coming the therapeutic insufficiency of corticosteroids,
preclinical animal models for detailed examination are
needed.

ATH is characterized by mononuclear cell infiltration in
the liver and elevated levels of gamma globulins as well as
by the production of a variety of characteristic autoanti-
bodies, including antinuclear antibodies (ANA).'™ Liver-
infiltrating T cells are considered the primary disease
mediators of inflammatory liver damage, and circularing
autoantibodies are diagnostic hallmarks.'™ However,
clinical manifestations are varied in patients with AIH,
ranging from nonsymptomatic mild chronic hepatitis to
fulminant hepatic failure. It is unclear whether the
varied clinical manifestations of ATH result from the same
immune dysregulation.

Recently, we developed the first mouse model of
spontaneous ATH.""? In programmed cell death 1-deficient
(PD-17") mice on the BALB/c background that underwent
neonatal thymectomy (NTx) 3 days after birth, immune
dysregulation by a concurrent loss of naturally arising
Foxp3™ regulatory T cells (Tregs) and PD-1-mediated
signaling induced fatal AIH resembling acute-onset
ATH, presenting in humans as fulminant hepatic failure.'!

*Authors share co-first authorship.

Abbreviations used in this paper: AlH, autoimmune hepatitis; ALT,
alanine aminotransferase; ANA, antinuclear antibody; AST, aspartate
aminotransferase; DEX, dexamethasone; ELISA, enzyme-linked immu-
nosorbent assay; GC, germinal center; HAI, histological activity index; 1g,
immunoglobulin; NTx, neonatal thymectomy; NTx-PD-17~ mice, PD-
1-deficient BALB/c mice that underwent thymectomy 3 days after birth;
PBS, phosphate-buffered saline; PD-1, programmed cell death 1; PNA,
peanut agglutinin; SD, standard deviation; TCR, T-cell receptor; Tey,
follicular helper T; TNF, tumor necrosis factor; Treg, regulatory T cell.
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