and mechanisms of HBV reactivation and ALF in patients with occult HBV carrier status receiving

chemotherapy or immunosuppressive therapy.
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Figure legends

Fig. 1. Representative clinical courses of patients with reactivation from occult HB

infection.

prednisolone.

Fig. 2. Comparison of

\g carriers (B). The total number of different nucleotides from the representative HBV reference

o
o

sequences (mismatch bases) (C), and the mean Shannon entropy values (D) in both groups. preC-C,

pre-core—core; preS, pre-surface; P, polymerase; S, surface.



Fig. 3. Prevalence of G1896A pre-core mutants in the liver of 44 healthy occult HBV

carriers.

G1896A mutants (%) are shown in the right panel.
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Table 1. Clinical characteristics of patients with reactivation from occult HBY and HBsAg

carrier status BEFORE viral exacerbation

Period between HBV reactivation and

Age/ Anti- Primary Use of =
Case Treatment HSCT start of treatment  end of treatment
Sex HBs disease steroids
(months)
Reactivation from occult HBYV carrier status
#1 48M + ML Fludarabine + +
#2 25M - AML IDA+AraC + +
#3 59M  Unknown  Colon cancer S-1 - -
#4 61M  Unknown ML R-CHASE + + 9.5
#5 64M - MM MP—CAD + + 6.4
MTX+AraC
#6 M - ML 10.9 During treatment
—Rituximab
#7 78M  Unknown ML R-CVP 347 342
#8 66M  Unknown MM MP 49.1 6.6
#9 61F - ML 1.0 During treatment
#10 66M  Unknown Psoriasis 37.8 During treatment
#11 79F Unknown ML — 3.7 During treatment
#12 81F — ML - 11.2 7.6
#13 84F Unknown ML = 17.4 During treatment
#14 87F + MM + - 23.1 During treatment
median: 15.6 median: 9.5
PSL + = 151 During treatment
PSL + - 20.4 During treatment
Aortitis synd. PSL + — 122.2 During treatment
Lung cancer Chemotherapy® + - 17.9 During treatment
RA MTX+PSL + — 11.5 During treatment
RA Bucillamine - — 6.7 During treatment
median: 16.5

|

a

AML, acute myeloid leukemia; AraC, cytarabine; dis, disease; CAD, cyclophosphamide, doxorubicin,

carboplatin, paclitaxel — docetaxel — gemcitabine, vinorelbine — cisplatin, irinotecan

dexamethasone; F, female; HBsAg, hepatitis B surface antigen; HSCT, hematopoietic stem cell transplantation;

IDA, idarubicin; M, male; ML, malignant lymphoma; MM, multiple myeloma; MP, melphalan, prednisolone; MTX,

methotrexate; PSL, prednisolone; RA, rheumatoid arthritis; R-CHASE, rituximab, cyclophosphamide, cytosine

arabinoside, etoposide, dexamethasone; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine,



prednisolone; R-CVP, rituximab, cyclophosphamide, doxorubicin, prednisolone; synd, syndrome; R-FND,

rituximab, fludarabine, mitoxantrone, dexamethasone.




Table 2. Clinical courses of patients with reactivation from occult HBV and HBsAg carrier

status AFTER viral exacerbation

Case

At diagnosis of HBV reactivation

HBV
Genotype

HBeAg/
anti-HBe

HBY DNA level ALT?level
(log copies/mL) (IU/mL)

treatment”

ETV -
disappearance

Period to HBsAg

(months)

Reactivation from occult HBV carrier status

#1 C +— 8.2 1,915

#2 C +/— 6.2 24

#3 C +/— 6.4 2,019

#4 C +— 8.3 720

#5 C +— 54 681

#6 C +— 8.4 15

#7 B +— 7.7 1,983 2.9

#8 B +/— 6.2 + —

#9 C —/+ 5.0 + 1.7

#10 C —/+ 6.6 + 0.9

#11 C —/+ 5.4 + 13.5

#12 B —/+ 9.0 < + 10.5

#13 B —/+ + —

#14 B —/+ + —

median: 652 median: 2.9
499 + —
1,740 + —
628 + -
1,674 + -
619 + -
813 + 0.4
median: 7.5 median: 716

antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; n.t., not treated

Al patients except case #5 were treated with ETV immediately after diagnosis of HBV reactivation to suppress

viral activity.

" Period (months) between ETV administration and HBsAg disappearance
* normal range 10-42 TU/L.



Table 3. Mean mutation rate of the reactivated HBV clones in patients with reactivation from
occult HBV and HBsAg carrier status

Occult HBYV carrier status HBsAg carrier status
(n=14) (n=6)
Average aligned reads 605,890 630,253
Average aligned nucleotides 52,814,651 52,812,297

Average coverage 16,712 16,632
Mutation rate” (%) 0.015 0.114

Tence sequences.
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Table 4. Overview of nucleotide 1896, 1762 and 1764 sequencing data with the deep sequencing

analyses
Case G1896A A1762T G1764A
Base counts (%) Base counts (%) Base counts (%)
Reactivation from occult HBV carrier status
#1 1/10,833 0.0) 0/6,391 (0.0) 1/6,491 (0.0)
#2 1/10,200 0.0 0/9,213 (0.0) 3/9,216 (0.0)
#3 8/27,694 0.0) 1/16,506 (0.0) 4/16,851
#4 4/13,008 0.0) 2/12,007 (0.0) 0/11,857
#5 0/6,860 0.0) 0/6,175 (0.0) 0/6,307
#6 273/31,622 0.9) 8/29,996 (0.0) 4/30,400
#7 22/12,561 0.2) 0/3,405 (0.0) 0.0)
#8 1/11,500 (0.0) 0/4,964 (0.0 0.0)
#9 12,897/12,904  (100)  11,676/11,677  (100) (100)
#10  11,432/11,444  (100) 1/6,153 2/6,217 0.0)
#11 9,533/9,539 (99.9) 7,669/7,671 7,681/7,685  (99.9)
#12  10,944/10,945  (100) 1/11,325 (0.0)
#13 9,358/9,411 99.4) (0.0 0/11,298 (0.0)
#14"  11,174/11,179  (100) (0.0) 2/6,773 0.0)
Reactivation from HBsAg carrier st
#15 734/12,544 (100) 7,556/7,570  (99.8)
#16 2/7,469 0/6,481 (0.0 2/6,618 (0.0)
#17 (96.5) 5,110/5,241 97.5)  5,180/5,239  (98.9)
#18 (99.9) 0/10,026 (0.0) 0/10,069 0.0)
#19 (99.9) 1/15,677 (0.0) 3/16,045 0.0)
#20° (100) 0/6,671 0.0 3/6,929 (0.0)

* Patients who developed fatal acute liver failure.
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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.

Methodss: 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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Introduction 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-
tion therapy is commonly administered [8,9]. However, its efficacy
in liver transplant recipients is limited, with the mean sustained

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 virological response (SVR) rate among patients with recurrent
HCV-related liver disease develop recurrent viral infection, and hepatitis C after liver transplantation being only 30% (range, 8-
70-90% of patients suffer from histologically proven recurrent 50%) [10]. One of the reasons for the low SVR rate is the high
hepatitis [1,2,3,4,5,6]. The progression of recurrent hepatitis G is
often accelerated and, without appropriate antiviral therapy, 10—
25% of patients develop cirrhosis within 5 years after transplan-

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 movo autoimmune hepatitis
[11,12,18].

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 mitiation 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 C 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].
Therefore, the selection 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 G [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 (INS5A), were also demon-
strated to be predictors of response to interferon therapy in
transplant recipients, as well as in nontransplant settings
[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 HCV-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 HGV-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 nitial 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 RINA 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 (H.H. 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 AO (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) until 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 G 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 (m=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 kTU/mL)
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 (n=1), brain hemorrhage (n=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 weeks after serum
HCV-RNA became 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
(n=1), hemoptysis (n=1), brain tumor (n=1), and depression
(m=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 kIU/mL, P<<0.001;
and less than 1000 kIU/ml, 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/mL,
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 RNA level less than 500 kIU/mL [odds ratio (OR):
0.178, 95% confidence interval (CI): 0.054-0.535, P=0.001], a
non-I 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 | 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=67) 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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