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Table 3. Predictive factors associated with sustained virological response (SVR): Multivariate analysis.

Seum HCVRNAprelT <500 KU/mL

500 kiU/mL= 0.310

Odds Ratio 95% confidence intervals P-value
HCV’ékénonpé : = v NO"‘?QT: E 1 - = = _
1 0.182 0.054-0.614 0.006

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-treatment 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-
RNA levels lower than 500 kIU/mL. 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 C 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 NS5A 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

non-VR P SVR non-SVR P

Core aa 70 Arg 9 (75%) 3 (25%) 0.289 7 (50%) 7 (50%) 0.204
. 1367%  1043%) Looem ugwm
Core aa 91 Leu 14 (64%) 8 (36%) 0.902 9 (38%) 15 (63%) 0912
e e 8(62%) s5@E8% 566%  9(64%) e
Core aa 70 and 91 70 Arg and 91 Leu 6 (67%) 3 (33%) 0.784 5 (50%) 5 (50%) 0320

S Others l6(62%)  10(38%) 9(2%)  19(68%) -

Core aa 70 and 91 70 Gln/His and 91 Met 5 (50%) 5 (50%) 0.324 3 (36%) 7 (70%) 0.603
G ‘ ~ Others 17.68%) 8 (32%) H NEw 17E% G

Arg, Arginine; GIn, glutamine; His, histidine; Leu, leucine; Met, methionine.
doi:10.1371/journal.pone.0058380.t004
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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 rescue 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 El 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 El 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 HCV 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
NS3A, 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 events during interferon therapy, but none of the studied
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factors proved to be statistically significant predictors of with-
drawal from the treatment protocol. As patients withdrew from the
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patients who undergo ABO-incompatible LDLT appear to have a
better VR to interferon therapy after liver transplantation.
Mechanisms underlying these interesting results are unknown at
present, but these findings are likely to be useful for improved
clinical assessment of patients with hepatitis C after liver
transplantation, and could lead to development of new strategies
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Efficacy and safety of prophylaxis with entecavir and
hepatitis B immunoglobulin in preventing hepatitis B
recurrence after living-donor liver transplantation
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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

67



68 Y. Uedaetal.

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: 1tT184,
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 500IU/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 y’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 LDIT 69

Entecavir + HBIG (n = 26) Lamivudine + HBIG (1 = 63) P-value
Age (years) 55 (33-68) 53 (26-64) 0.062%1
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 cirrhosis, 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<) 0.0107
<2.6 log 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

ENTY-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 sui-
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-

Patients survival

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

Meier method. Years after liver transplantation 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
HBYV 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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The purpose of this prospective, randomized, multicenter trial was to evaluate the effects of a steroid-avoiding immunosuppres-
sion protocol on hepatitis C virus (HCV)-positive recipients of living donor liver transplantation (LDLT). Seventy-five HCV-positive
LDLT recipients were included in this study, and they were randomized to receive tacrolimus (TAC) plus a corticosteroid (ST; n =
35) or TAC plus mycophenolate mofetil (MMF; n = 40). Biopsy-proven acute rejection (BPAR) was treated with steroid pulse ther-
apy in both groups. Protocol biopsy was performed 3, 6, and 12 months after LDLT and annually thereafter. Histological recurrence
of HCV (fibrosis stage > F1 according to the METAVIR score), BPAR resistant to 2 sets of steroid pulse therapy, hepatocellular
carcinoma (HCC) recurrence, retransplantation, and patient death were defined as events, and the primary endpoint was event-
free survival. The median follow-up was 55 months. The event-free survival rates at 1, 3, and 5 years were 38.2%, 11.8%, and
5.9%, respectively, for the ST group and 25.0%, 17.5%, and 14.6%, respectively, for the MMF group (P = 0.45). The overall 5-
year patient survival rates were similar for the ST group (82.7%) and the MMF group (81.0%, P = 0.28). Steroid-resistant BPAR
occurred in only 1 patient from the MMF group. HCC recurrence occurred for 1 patient from the ST group and 2 patients from the
MMF group. HCV recurrence rates with a fibrosis stage > F1 1 and 3 years after LDLT were 59.4% and 85.9%, respectively, for
the ST group and 74.2% and 81.9%, respectively, for the MMF group (P = 0.57). In conclusion, our steroid-avoidance regimen
had no apparent impact on LDLT outcomes for HCV-positive recipients. Liver Transpl 19:896-906, 2013. © 2013 AASLD.
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Hepatitis C virus (HCV)-related cirrhosis is the most
common indication for liver transplantation. However,
the recurrence of HCV infections is almost universal,
and the rate of fibrosis progression is accelerated so
that 20% to 40% of recipients progress to allograft cir-
rhosis within 5 years.!™ The severity of HCV recur-
rence may be altered by the amount and type of
immunosuppression.® The treatment of acute cellular
rejection (ACR) with repeated bolus injections of a cor-
ticosteroid (ST) is generally considered to have negative
effects on recurrent HCV.®7 However, no convincing
data have shown that the use of daily maintenance ST
therapy is associated with aggressive recurrent HCV.
Although several clinical trials have examined the
safety and efficacy of steroid avoidance,®'* whether
steroid-free regimens would prove less deleterious for
recurrent HCV remains controversial.

In Japan, too, HCV-related cirrhosis and hepatocel-
lular carcinoma (HCC) are the most prevalent liver
diseases, and living donor liver transplantation
(LDLT) has become a treatment option for patients
with these diseases.'® We have already reported the
clinical outcomes of LDLT for 91 HCV-positive recipi-
ents.!® In this early experience, the survival rates and
rates of progression to severe disease due to HCV re-
currence were comparable to those for recipients of
deceased donor liver transplantation described in the
literature. Our standard immunosuppression protocol
has consisted of tacrolimus (TAC) and a low-dose ST,
with the administration of steroids gradually tapered
and terminated at the end of the third month.'® Against
this background, we conducted a prospective, random-
ized, multicenter trial to evaluate the effects of a ste-

roid-avoidance regimen on HCV recurrence after LDLT.-

Because TAC monotherapy was considered weak as an
induction immunosuppressive regimen, we adopted
mycophenolate mofetil (MMF) as a substitute for ste-
roids in the steroid-avoidance study arm. The aim of
this prospective, randomized study was to compare the
efficacy and safety of TAC/MMF and conventional TAC/
ST regimens in HCV-positive LDLT recipients.

PATIENTS AND METHODS
Study Design

In January 2004, this open-label, randomized, pro-
spective, multicenter trial was started at 6 LDLT cen-
ters in Japan (ie, the hospitals of Kyoto University,
Kumamoto University, Mie University, Nagoya Univer-
sity, Osaka City University, and Ehime University).
This randomized clinical trial was registered at Clini-
calTrials.gov (NCT00469131). Patients > 18 years old
who were scheduled to undergo LDLT and suffered
from HCV-related liver cirrhosis with positive serum
results for HCV antibodies were eligible for inclusion
in the study. The exclusion criteria were (1) a history
of any organ transplantation or retransplantation, (2)
ABO blood type incompatibility, (3) positive findings
for hepatitis B surface antigen, (4) a small-for-size
graft (graft/recipient body weight ratio < 0.8%), (5)

renal dysfunction (serum creatinine level > 2 mg/dL),
and (6) a platelet count < 8 X 104/mm3 or a white
blood cell count < 1000/mm?®. Patients with HCC were
not excluded. In the selection criteria for HCC patients,
no restrictions were placed on the number or size of
tumors, but patients with extrahepatic metastasis or
macroscopic venous invasion on preoperative imaging
were excluded.'” HCC was classified according to the
tumor-node-metastasis staging criteria.®

All subjects provided written, informed consent to
participate. Eligible patients were centrally registered
and randomized with a Web-based enrollment system
at the Translational Research Informatics Center.
Randomization was stratified by institutions and HCC
stage (stage III or other) and was performed in a 1:1
ratio to an ST group, which received TAC (Prograf,
Astellas Pharma, Tokyo, Japan) and an ST, and an
MMF group, which received TAC and MMF (CellCept,
Hoffmann-La Roche, Basel, Switzerland). The protocol
of this study was approved by the medical ethics com-
mittee of each participating university.

Histological recurrence of HCV (fibrosis stage > F1
according to the METAVIR score'®), biopsy-proven
acute rejection (BPAR) resistant to 2 sets of steroid
pulse therapy, HCC recurrence, retransplantation,
and patient death were defined as events, and the pri-
mary endpoint of the study was event-free survival.
Secondary endpoints included patient survival, HCV
viral loads, histological HCV recurrence, BPAR requir-
ing steroid pulse therapy, and chronic rejection.

Immunosuppression Regimens

In both groups, the administration of TAC was started
through a nasogastric tube within the first 12 hours
after transplantation. The target whole-blood trough
level for TAC was 10 to 15 ng/mL during the first 2
weeks, approximately 10 ng/mL thereafter, and 5 to 8
ng/mkL from the second month.'® In the ST group, in-
travenous methylprednisolone was initiated at 10 mg/
kg before graft reperfusion and was then tapered from
1 mg/kg/day on days 1 to 3 to 0.5 mg/kg/day on days
4 to 6 and to 0.3 mg/kg/day on day 7. Subsequently,
oral prednisone was continued at 0.3 mg/kg/day until
the end of the first month, and this was followed by 0.1
mg/kg/day until the end of the third month. After this
time, steroid administration was terminated.'® In the
MMEF group (steroid avoidance), a steroid bolus injec-
tion immediately before reperfusion was also avoided.
MMF was initiated through the nasogastric tube at a
starting dose of 10 to 15 mg/kg on day 1, which was
gradually increased to a target dose of 30 mg/kg, and
this was continued for 6 months.

Assessment and Treatment of HCV Recurrence

The serum HCV RNA load was evaluated with poly-
merase chain reaction and an Amplicor HCV assay
(Cobas Amplicor HCV Monitor, Roche Molecular Sys-
tems, Pleasanton, CA). HCV core protein was meas-
ured in serum as another index for the viral load with
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HCC: none/stage I or II/stage III

[n/n/n (%/%/%)]
Donors

Sex: male/female (n/n)

Age (years)*

Graft type: left lobe/right lobe {(n/n)
Transplants

Operation time (minutes)*

Blood loss (mL)*
Immunosuppression (days)*"

TAC

Steroid

MMF
TAC trough levels (ng/mL)*

Day 28

Month 3

Month 6

Month 12

TABLE 1. Patient, Transplant, and Immunosuppression Profiles
Variables ST Group (n = 35) MMF Group (n = 40)
Recipients
Sex: male/female (n/n) 19/16 22/18
Age (years)* 56 (35-69) 59 (40-69)
Child-Pugh: A/B/C (n/n/n) 1/10/24 3/15/22
Model for End-Stage Liver Disease score* 16 (9-31) 15 (3-28)

15/13/7 (43/37/20) 13/16/11 (32/40/28)

19/16 22/18
38 (21-59) 42 (22-65)
7/28 6/34

786 (650-1064)
7570 (1150-60,860)

761 (563-1274)
5048 (1150-29,500)

365 (36-365) 365 (11-365)

92 (10-93) -

— 175 (10-186)

8.2 (2.3-21.8) 8.3 (0.9-14.2)
6.3 (2.0-12.8) 6.7 (2.1-14.6)
6.45 (2.4-13.2) 6.1 (1.9-10.4)
5.2 (2.4-11.8) 5.0 (1.8-10.4)

groups.
*The data are presented as medians and ranges.
"Total number of days of administration during the first year.

NOTE: No significant differences in any variables (except for immunosuppression) were seen between the ST and MMF

a previously reported enzyme immunoassay
method.?® These viral loads were determined before
LDLT and 1, 7, 14, and 28 days and 3, 6, and 12
months after LDLT.

Protocol liver biopsy was recommended 3, 6, and 12
months after LDLT and annually thereafter. Event-
driven biopsy was performed as clinically indicated.
All biopsy samples were evaluated by liver histopa-
thologists at each center. For the diagnosis of HCV re-
currence, the necroinflammatory activity (AO-A3) and
the fibrosis stage (FO-F4) were assessed with the
METAVIR score.!® HCV recurrence with a necroin-
flammatory activity classification > A2 or a fibrosis
stage > F1 was considered for antiviral treatment with
interferon (IFN) and ribavirin.?* From 2005 onward,
splenectomy was performed during the recipient’s
transplant operation to increase the platelets and
white blood cell counts suppressed by hypersplenism
and to enhance the tolerability of IFN therapy.**

Assessment and Treatment of Rejection

ACR was confirmed by liver biopsy and assessed
according to the Banff criteria.?® In principle, mild
ACR (Banff grade I or rejection activity index score of
1-3) was treated with an increase in the TAC level. Mild
to severe ACR (Banff grade II/III or rejection activity
index score > 4) was treated with steroid pulse therapy

(10 mg/kg bolus of methylprednisolone for 3 days) fol-
lowed by steroid tapering, if necessary, in both groups.

Statistical Methods

The 1l-year event-free survival rate for the TAC/ste-
roid arm (the ST group) was estimated to be 20%;
this was determined by an examination of historical
data (n = 30) from Kyoto University Hospital. The 1-
year event-free survival rate for the TAC/MMF arm
(the MMF group) was expected to be 40%. Under the
assumption of a 1-sided significance level of 5% and
a power of 80%, the required sample size was calcu-
lated to be 60 patients per arm on the basis of the
log-rank test.

Baseline and laboratory test data are summarized
as medians and ranges. Categorical variables were
compared with the ¥ test or Fisher's exact test. Con-
tinuous variables were compared with the Wilcoxon
rank-sum test. Cumulative probability curves of
events were calculated with the Kaplan-Meier method.
When we evaluated the time to reach fibrosis stage 1
or 2 according to liver biopsy, outcomes were cen-
sored at the time of last biopsy or death for patients
who did not reach each fibrosis stage. Differences
between these curves were compared with the log-
rank test. All data were analyzed with an intent-to-
treat approach, and P < 0.05 was considered statisti-
cally significant.
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Survival rates
—~— ST
10| TTTMME
0.8
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Days after surgery
No. at Risk
ST 35 13 6 4 2 1
MMF 40 10 7 7 5 5 3
Figure 1. Event-free survival curves. Events were defined as histological HCV recurrence with a fibrosis stage > F1, BPAR resist-
ant to 2 sets of steroid pulse therapy, recurrence of HCC, retransplantation, and patient death. No significant differences in event-
free survival were seen between the ST group (TAC + ST) and the MMF group (TAC + MMF; P = 0.45, log-rank test).

RESULTS
Study Population

Although the planned sample size was 120 patients,
the enrollment period was ended in August 2010 after
the enrollment of 79 patients because of shrinkage of
the study population. Thirty-seven subjects were
randomized to the TAC/ST arm (the ST group), and
42 subjects were randomized to the TAC/MMF arm
(MMF group}. Two patients in the ST group and 2 in
the MMF group were excluded from the study after
randomization because of protocol violations, so 35
patients in the ST group and 40 in the MMF group
formed the cohort of the present analysis.

Recipient and donor characteristics and operatlve
data are summarized in Table 1. No significant differ-
ences in these profiles were evident between the ST
and MMF groups. One subject in the ST group with-
drew consent to participate in the study on postopera-
tive day 37. Patient outcomes were finally collected at
the end of August 2011. The median follow-up was 55
months (range = 1-89 months).

Primary Endpoint

The rates of event-free survival (the primary endpoint)
1, 3, and 5 years after LDLT were 38.2%, 11.8%, and
5.9%, respectively, for the ST group and 25.0%,
17.5%, and 14.6%, respectively, for the MMF group
(Fig. 1). No significant differences in event-free survival
were evident between the groups (1-sided P = 0.45).

Overall Survival

Early mortality (within 4 months after LDLT) occurred
for 2 recipients in the ST group and for 3 recipients in

the MMF group. The causes of death were graft dys-
function (n = 1) and cerebral bleeding (n = 1) in the
ST group and cerebral bleeding (n = 1), bacterial
pneumonia (n = 1), and sepsis (n = 1) in the MMF
group. In the later period, 3 patients from the ST
group died of HCC recurrence (n = 1), malignant lym-
phoma (n = 1), and graft failure due to a biliary stric-
ture (n = 1), whereas 7 patients from the MMF group
died of chronic rejection (n = 1), HCC recurrence (n =
1), HCV recurrence (n = 1), and other causes (n = 4).
No recipients in either group underwent retransplan-
tation. The 1-, 3-, and 5-year overall survival rates
were 94.1%, 87.6%, and 82.7%, respectively, for the
ST group and 92.5%, 84.5%, and 81.0%, respectively,
for the MMF group (P = 0.28; Fig. 2).

HCV Histological Recurrence and Antiviral
Therapy

During follow-up, histological HCV recurrence with a
fibrosis stage > F1 was confirmed for 27 patients in
the ST group and for 35 patients in the MMF group.
Cumulative recurrence rates with a fibrosis stage > F1
(deaths censored) at 1, 2, and 3 years were 59.4%,
78.9%, and 85.9%, respectively, for the ST group and
74.2%, 81.9%, and 81.9%, respectively, for the MMF
group (P = 0.57; Fig. 3). Recurrence with a fibrosis
stage > F2 was confirmed for 9 patients in the ST
group and for 13 patients in the MMF group. Cumula-
tive recurrence rates with a fibrosis stage > F2 at 1, 3,
and 5 years were 6.3%, 19.0%, and 24.4%, respec-
tively, for the ST group and 16.7%, 28.4%, and 31.6%,
respectively, for the MMF group (P = 0.46; Fig. 4).
Within 1 year after LDLT, 26 patients in the ST
group and 34 patients in the MMF group who had
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Survival rates

(TAC + MMF; P = 0.28, log-rank test).

—— ST
1.0 TTTMME
0.8
0.6
0.4
0.2
0.0
0 365 730 1095 1460 1825 2190 2555 2920
Days after surgery
No. at Risk
ST 35 32 29 26 20 14 7 4
MMF 40 37 34 30 28 16 9 1

Figure 2. Overall survival curves. No significant differences were apparent between the ST group (TAC + ST) and the MMF group

Recurrence rates

1.0

0.8

0.6

0.4

0.2
& = ST
0.0~ T T MMF
o} 365 730 1095 1460 1825 2190 2585
Days after surgery
No. of Risk

ST 35 13 6 4 2 1
MMF 40 10 7 7 S 5 3

Figure 3. Cumulative recurrence rates with a fibrosis stage > F1. No significant differences were identified in the rates with a fi-
brosis stage > F1 (deaths censored) between the ST group (TAC + ST) and the MMF group (TAC + MMF; P = 0.57, log-rank test).

developed histological recurrence of HCV were consid-
ered for antiviral therapy. Among these, 18 patients
(69.2%) in the ST group and 21 patients (61.8%) in
the MMF group started IFN/ribavirin treatment within
1 year (P = 0.60}). As a result, a sustained virological
response was achieved for 8 of 18 patients in the ST
group (44.4%) and for 14 of 21 patients (66.7%) in the
MMF group (P = 0.16).

HCV Viral Load

Changes in HCV RNA and HCV core protein loads are
shown in Fig. 5. On day 28, HCV RNA levels were sig-
nificantly lower for the MMF group (median = 250
KIU/mL, range = 0-17,660 KIU/ml} versus the ST
group (median = 1700 KIU/mL, range = 0.02-13,000
KIU/mL, P < 0.05; Fig. 5A). HCV core protein levels
were also significantly lower for the MMF group
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Figure 4. Cumulative recurrence rates with a fibrosis stage > F2. No significant differences were identified in the rates with a fi-
brosis stage > F2 (deaths censored) between the ST group (TAC + ST) and the MMF group (TAC + MMF; P = 0.46, log-rank test).

(median = 719 fmol/L, range = 20-26,200 fmol/L)
versus the ST group (median = 7200 fmol/L, range =
20-32,000 fmol/L; P < 0.01; Fig. 5B). Thereafter, the
viral loads were similar for the groups.

Immunosuppression and Rejection

The median total durations of the administration of
steroids (in the ST group) and MMF (in the MMF
group) were 92 and 175 days, respectively (Table 1).
TAC whole-blood trough levels at 3, 6, and 12 months
did not differ significantly between the ST and MMF
groups. The addition of MMF or an ST was decided on
the basis of the judgment of the investigators for 1
patient in the ST group and for 3 patients in the MMF
group, respectively. BPAR requiring treatment with an
ST bolus injection occurred in 4 patients from the ST
group and in 13 patients from the MMF group (P =
0.051). According to the Banff criteria, ACR was mild
for 2, moderate for 1, and severe for 1 in the ST group
and mild for 3 and moderate for 10 in the MMF group.
All episodes were observed within the first 3 months
after LDLT in both groups. BPAR resistant to 2 sets of
ST bolus treatment occurred in only 1 patient from
the MMF group. Chronic rejection was diagnosed in
only 1 patient, again from the MMF group.

Seventeen of the 75 patients experienced BPAR
treated with ST pulse treatment. The overall survival
rate for the 17 patients with BPAR was significantly
lower than the rate for the 58 patients without BPAR
(68.2% versus 90.9% at 3 years and 51.9% versus
90.9% at 5 years, P < 0.001; Fig. 6). However, histo-
logical HCV recurrence rates did not differ between
patients with BPAR and patients without BPAR. Rates
of progression to a fibrosis stage > F1 at 1 year were

78.5% and 64.9%, respectively (P = 0.66), and rates
of progression to a fibrosis stage > F2 at 3 years were
30.8% and 22.3%, respectively (P = 0.31).

Adverse Events

As for infectious complications, bacterial and fungal
infections such as sepsis and pneumonia were diag-
nosed for 1 patient in the ST group and for 4 patients
in the MMF group. A cytomegalovirus infection was
diagnosed for 2 patients in the ST group and for 1
patient in the MMF group. Clinical test results with
respect to metabolic complications are summarized in
Table 2. No significant differences in these data were
apparent between the groups.

DISCUSSION

Several risk factors have been implicated in the fre-
quency and severity of recurrent HCV after liver trans-
plantation.®?* Many studies have found deleterious
effects of potent immunosuppression (eg, high num-
bers of bolus injections of methylprednisolone, the
use of anti-lymphocyte preparations, and high total
cumulative doses of steroids).?* On the other hand, it
had been not clarified as of 2004 (when the present
study was started) whether the use of daily mainte-
nance ST therapy was associated with aggressive
recurrent HCV. Although there have been, to the best
of our knowledge, 7 prospective, randomized studies
reported as full articles since then,®'# the issue of
steroid-free regimens remains controversial. All 7
studies included a calcineurin inhibitor as part of the
immunosuppressive regimen (cyclosporin A in 2 stud-
ies and TAC in 5 studies). In 4 studies,®%3!2 the ST
was simply removed from the regimen of the control
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Figure 5. Changes in (A) HCV RNA and (B) HCV core protein levels: box and whisker plots. The bottom and top of each box repre-
sent the lower quartile and the upper quartile, whereas the bar in the box shows the median. The plot in the box is the mean. The
ends of the whiskers represent the lowest and highest data still within 1.5 interquartile ranges (upper quartile — lower quartile) of
the median. Small boxes not included between whiskers represent outliers. (A) HCV RNA levels were significantly lower for the
MMF group versus the ST group (P < 0.05) on day 28. (B) HCV core protein levels were also significantly lower for the MMF group
versus the ST group (P < 0.01) on day 28.

arm, whereas the other 3 studies replaced the ST with
daclizumab.'®131* Although each steroid-free proto-
col was found to be safe and feasible in all studies,
the results were divergent with respect to the effects

on HCV recurrence. Lladé et al.'! reported favorable
results for a steroid-free group in terms of short-term
histological HCV recurrence. However, Manousou
et al.!? reported contradictory findings. Moreover, the
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Figure 6. Overall survival rates for patients with or without steroid pulse treatment for BPAR. Seventeen of the 75 patients experi-
enced BPAR treated with steroid pulse treatment. The overall survival rate was significantly lower for the 17 patients with BPAR
versus the 58 patients without BPAR (P < 0.001, log-rank test).

TABLE 2. Clinical Test Results

Before Month 3 Month 6 Month 12

Systolic blood pressure (mm Hg)

ST group 102 (84-144) 120 (84-154) 120 (96-154) 124 (102-164)

MMF group 113 (84-157) 121 (76-177) 122 (100-172) 120 (94-142)
Diastolic blood pressure (mm Hg)

ST group 62 (48-86) 73 (52-94) 70 (60-102) 83 (59-90)

MMF group 66 (40-95) 77 (40-98) 72 (59-114) 74 (56-95)
Fasting blood glucose level (mg/dL)

ST group 101 (69-226) 104 (63-226) 105 (72-224) 105 (74-176)

MMF group 114 (68-288) 117 (77-297) 111 (82-186) 105 (71-200)
Serum creatinine level (mg/dL)

ST group 0.8 (0.5-1.9) 0.9 (0.2-2.1) 0.9 (0.5-1.2) 0.8 (0.5-1.3)

MMF group 0.8(0.4-1.4) 0.8 (0.4-3.5) 0.8 (0.4-1.8) 0.9 (0.4-1.7)

NOTE: The data are presented as medians and ranges. No significant differences in any variables were seen between the ST

and MMF groups.

remaining 5 studies found no significant differences
between steroid-free and control groups.

The present investigation was a randomized com-
parative study conducted among LDLT recipients to
investigate the impact of a steroid-avoidance immuno-
suppression protocol on HCV recurrence. In the ste-
roid-avoidance arm, steroids were completely
removed; this included a methylprednisclone bolus
injection immediately before reperfusion. The safety
and efficacy of omitting steroids during and after liver
transplantation have been demonstrated in clinical
studies.?® To really evaluate the steroid-free effects,
the regimen of the study arm should simply remove

STs from the regimen of the control arm, as in the
previous 4 studies.®®''2 However, because we
thought that TAC monotherapy would prove weak as
an induction immunosuppressive regimen, we
adopted MMF as a substitute for steroids in the ste-
roid-avoidance arm of the study. Because MMF, an
inositol monophosphate dehydrogenase inhibitor like
ribavirin, has been proposed to exert antiviral
effects,?® we also expected additional anti-HCV effects
from the use of MMF in the study arm. Several stud-
ies have evaluated the anti-HCV effects of MMF in
clinical liver transplantation settings.?”° Although
antiviral properties have remained unconfirmed in
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most studies,?”2® Fasola et al.>® reported a delay in
the recurrence of severe hepatitis among recipients
treated with MMF.

Consequently, the present study compared immu-
nosuppressive regimens using an ST or MMF in com-
bination with TAC. The primary endpoint was defined
as event-free survival. For HCV-positive recipients,
optimal immunosuppression is required to both pre-
vent rejection and control the recurrence of HCV. Less
potent immunosuppression is considered to reduce
the severity of HCV recuirence. On the other hand,
the risk of rejection will be increased, and this may
lead to intractable rejection requiring repeated steroid
boluses and thus adversely affect the risk of HCV re-
currence. The risk of HCC recurrence and bacterial or
viral infectious complications, which often cause fatal
outcomes, are also affected by the strength of
immunosuppression.

Unfortunately, the present study failed to demon-
strate any favorable results for the MMF group. Sev-
eral factors should be considered in interpreting the
present results. First of all, the final sample size (n =
75) was smaller than planned (n = 120). One reason
was the recent trend toward cases using a small-for-
size or ABO-incompatible graft, both of which were
excluded from the present study. At Kyoto University,
from the perspective of donor safety and with the de-
velopment of strategies for small-for-size syndrome,
the algorithm for graft type selection has been modi-
fied to primarily consider left lobe donation.3!
Between 2006 and 2008, the selection of a small-for-
size graft (graft/recipient body weight ratio < 0.8%)
increased to 23.9% of all adult cases.’° Similarly,
with improvements in ABO-incompatible protocols
such as preoperative rituximab, ABO-incompatible
cases have increased to more than 20%.32 The post
hoc type II error based on the completed sample size
of 75 patients and prespecified settings was elevated
by 38%. However, the predictive power,3® representing
the probability of obtaining a significant result after
completion of the trial (n = 120) with the observed
data (n = 75), was only 1% under the assumption of a
uniform prior distribution. Therefore, although defini-
tive conclusions cannot be reached with this
decreased statistical power, we considered that signifi-
cant differences regarding the primary endpoint may
still not have been obtained even if all 120 subjects
had been enrolled.

BPAR resistant to 2 sets of steroid pulse therapy
was encountered in only 1 patient in this study, but
BPAR treated with steroid pulse therapy tended to be
more frequent in the MMF group versus the ST group
(P = 0.051). The immunosuppressive power might
plausibly have been weaker for the former group. In
contrast to a steroid being intravenously injected dur-
ing the first postoperative week, MMF was adminis-
tered orally or via a mnasogastric tube even
immediately after the operation. Because the postop-
erative recovery of oral intake and gastrointestinal
function is retarded for most LDLT recipients, the
dosage or absorption of MMF might not have been

sufficient to reach optimal blood levels in the immedi-
ate postoperative period. The addition of induction
with interleukin-2 receptor antibody drugs, as in
other studies,®10:11:13:14 wag considered at the time of
the protocol’'s creation, but the idea was abandoned
because these agents were not covered by National
Health Insurance in Japan. In any case, it could be
argued that the beneficial effects of the steroid-avoid-
ance regimen on HCV recurrence might be offset by
the increased use of steroid bolus injections. Kato
et al.19 reported the occurrence of acute rejection dur-
ing the first year as the only factor associated with
increased hepatic fibrosis at 1 year. However, this
speculation is not supported by the finding that histo-
logical HCV recurrence rates did not differ between
patients with BPAR treated with steroid pulse therapy
and patients without it.

On the other hand, according to the analysis of the
total study population, patients receiving steroid
pulse treatment for BPAR showed significantly lower
overall survival than those without steroid pulse treat-
ment (Fig. 6). The causes of early mortality for
patients receiving steroid pulse treatment were mostly
related to infectious complications. Acute rejection is
an established risk factor for infections within the
first posttransplant year.3*3% Obviously, an optimal
immunosuppression protocol for sufficiently decreas-
ing the risk of acute rejection remains a prerequisite
for HCV-positive recipients.

Notably, in the present study, the posttransplant
HCV viral load was lower for the MMF group versus
the ST group shortly after the operation. On day 28,
the HCV RNA and HCV core protein levels were signif-
icantly lower for the MMF group. These findings sug-
gest that HCV replication was suppressed in the MMF
group, especially in the immedijate posttransplant pe-
riod. However, viral loads subsequently showed simi-
lar increases at 3 and 6 months, and they were
decreased by 12 months in both groups. These
changes were closely influenced by the induction of
antiviral therapy. According to our criteria for starting
antiviral therapy, 18 patients in the ST group and 21
patients in the MMF group started IFN/ribavirin treat-
ment between 3 and 12 months. Antiviral therapy
could also affect histological HCV recurrence and di-
minish the effects of differences in immunosuppres-
sion protocols.

In conclusion, this study failed to show any signifi-
cant results. It is unknown whether this was due to
the limited size of the sample (reducing the power to
detect differences) or because our steroid-avoidance
regimen had a minimal impact on LDLT outcomes for
HCV-positive recipients. Recent meta-analyses®®57
have favored steroid-free protocols in terms of HCV re-
currence, but the included studies have been hetero-
geneous and complicated to interpret. As previously
mentioned, most individual trials have not shown
results reaching the level of statistical significance. A
larger multicenter trial with a more optimal protocol
is required to better define the role of steroid-free regi-
mens for HCV-positive recipients.
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Abstract Liver cirrhosis and hepatocellular carcinoma
related to chronic hepatitis C virus (HCV) infection are
currently the most common indications for liver trans-
plantation. The number of living donor liver transplantation
(LDLT) procedures has increased given the shortage of
donor organs from deceased donors. However, recurrence
of HCV infection is universal and affects graft survival.
This mini-review compared the outcomes for HCV-posi-
tive recipients after LDLT with those after deceased donor
liver transplantation.

Keywords Living donor liver transplantation - Deceased
donor - Recurrence of hepatitis C - Anti-viral therapy

Introduction

Chronic hepatitis C is a global epidemic, with an estimated
200 million people infected worldwide. End-stage liver
disease secondary to chronic hepatitis C virus (HCV)
infection is currently the most common indication for liver
transplantation in the United States and Europe [1, 2].
Living donor liver transplantation (LDLT) is an important
means of expanding the donor pool, given the shortage of
deceased donor organs, making transplantation available to
an increasing number of patients. HCV-related cirrhosis
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and hepatocellular carcinoma (HCC) represent the most
prevalent liver diseases in Japan, and LDLT is a viable
option for patients with these diseases [3, 4].

However, recurrence of HCV infection is nearly uni-
versal and often occurs immediately after transplantation
[5]. Indeed, the prevalence of chronic HCV in HCV-posi-
tive liver transplant recipients is 70-90 % after 1 year, and
the progression of fibrosis is accelerated, which means that
844 % of patients progress to allograft cirrhosis within
5-10 years [6-8]. Therefore, graft and patient survival is
significantly reduced for HCV-positive recipients in com-
parison to HCV-negative recipients [9, 10]. In addition,
prior reports from some Western transplant centers have
raised concerns that HCV recurrence may occur earlier and
with greater severity and that graft loss caused by recurrent
HCV may be more frequent for LDLT than for deceased
donor liver transplantation (DDLT) [11-16]. Various
mechanisms for an increase in graft damage in HCV-
infected LDLT recipients have been postulated [17, 18].
First, because the partial liver graft undergoes intense
regeneration immediately after LDLT, specific cellular
changes occurring during this vigorous proliferative
response may facilitate entry of HCV into hepatocytes or
promote HCV replication. Second, most living donors are
primary relatives of the recipient, thus the increased
genetic similarity and the higher degree of HLA matching
between the donor and the recipient with LDLT, in com-
parison to DDLT, may enhance the severity of recurrent
HCV infection. However, the outcomes may be better
among recipients of LDLT in comparison to recipients of
DDLT because the donors are typically younger and the
ischemia times are shorter with LDLT than with DDLT.

Although more recent studies have reported comparable
results between LDLT and DDLT [19-26], it is debatable
whether transplant outcomes for HCV-positive patients are
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