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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) 0/6391 (0.0) 1/6491 (0.0)
#2 1/10,200 (0.0) 0/9213 (0.0) 3/9216 (0.0)
#3 8/27,694 (0.0) 1/16,506 (0.0) 4/16,851 (0.0)
#4 4/13,008 (0.0) 2/12,007 (0.0) 0/11,857 (0.0)
#5 0/6860 (0.0) 0/6175 (0.0) 0/6307 (0.0)
#6 273/31,622 (0.9) 8/29,996 (0.0) 4/30,400 (0.0)
#7 22/12,561 (0.2) 0/3405 (0.0) 1/3492 (0.0)
#8 1/11,500 (0.0) 0/4964 (0.0) 1/5089 (0.0)
#9 12,897/12,904 (100) 11,676/11,677 (100) 11,653/11,659 (100)
#10 11,432/11,444 (100) 1/6153 (0.0) 216217 (0.0)
#11 9533/9539 (99.9) 7669/7671 (100) 7681/7685 (99.9)
#12 10,944/10,945 (100) 2/10,874 (0.0) 1/11,325 (0.0)
#13* 9358/9411 (99.4) 2/10,900 (0.0) 0/11,298 (0.0)
#14 11,174/11,179 (100) 0/6579 (0.0) 2/6773 (0.0)
Reactivation from HBsAg carrier status
#15 734/12,544 (5.9) 7593/7596 (100) 7556/7570 (99.8)
#16 2/7469 (0.0) 0/6481 (0.0) 2/6618 (0.0)
#17 12,251/12,701 (96.5) 5110/5241 (97.5) 5180/5239 (98.9)
#18 9649/9660 (99.9) 0/10,026 (0.0) 0/10,069 (0.0)
#19 18,402/18,413 (99.9) 1/15,677 (0.0) 3/16,045 (0.0)
#20* 11,158/11,160 (100) 0/6671 (0.0) 3/6929 (0.0)

*Patients who developed fatal acute liver failure.

malignancy, we observed two patients without hematological
malignancies who developed HBV reactivation. One case had
colon cancer, with S-1 treatment triggering HBV exacerbation.
Another case had psoriasis and received cyclosporine before the
onset of HBV reactivation. Previously, we also reported a case
of lethal de novo HBV hepatitis induced by adalimumab treat-
ment for rheumatoid arthritis {26]. Thus, it is important to note
that there is a risk of HBV reactivation in patients not only with
hematological malignancies but also with solid tumors or non-
cancerous diseases undergoing chemotherapy or immunosup-
pressive therapy. In addition, it is very important to regularly
monitor HBV DNA levels to achieve the early administration of
ETV before the onset of ALT elevation; however, the optimum fre-
quency of HBV DNA testing in occult HBV carriers is not yet
defined. A recent prospective study suggested that monthly mon-
itoring of HBV DNA levels for lymphoma patients with resolved
HBV infection might be a reasonable option during and after rit-
uximab-CHOP chemotherapy [271.

To clarify the virological characteristics of HBV reactivation,
we determined the genetic heterogeneity of viruses from patient
sera. We found that the genetic complexity of the reactivated
viruses in 14 patients with reactivation from occult HBV infection
was significantly lower than that in six patients with reactivation
from HBsAg carriers. There was no significant difference in circu-
lating HBV DNA levels in serum after reactivation in both groups.
The viral population in the sera of patients with reactivation from
occult HBV infection was characterized by low heterogeneity,
with nearly monoclonal viruses detected. We further examined
the genetic complexity of latently infected HBV in the liver of
44 individuals with occult HBV infection. We found that the
genetic heterogeneity of latently infected viruses in their livers

was also very low. In one case we confirmed that the viral gen-
ome detected in serum after viral reactivation was almost identi-
cal to that in the latently infected liver before reactivation. These
findings possibly suggest that the viral population in latently
infected livers of occult HBV carriers is characterized by low het-
erogeneity, and the predominant viral clone increases in number
under immunosuppressive conditions. The reason for the differ-
ence in the degree of genetic heterogeneity in the exacerbated
viruses between patients with reactivation from occult infection
and those with HBsAg carrier reactivation is unclear. One possi-
bility is that the low levels of viral heterogeneity observed in
occult HBV carriers are due to the relatively lower levels of viral
replication compared with those of HBsAg carriers. Pollicino et al.
demonstrated that the host immune system, not viral factors,
likely plays a critical role in the strong suppression of viral repli-
cation and gene expression {2&]. Since we could confirm the
genetic homology of HBV DNA in the liver before reactivation
and the serum after reactivation in only one case, further studies
are required to determine the characteristics of the latent viruses
in HBsAg-negative but anti-HBc-positive occult HBV carriers.

In this study, we found that 42.9% of cases that experienced
HBV reactivation predominantly contained the G1896A pre-C
variant in their sera. Infection with the G1896A variant was pre-
dominant in the liver of 11.4% of individuals with occult HBV
infection. Patients acutely infected with the HBV G1896A pre-C
variant have a high risk of developing ALF {16-18]. The G1896A
variant is frequently detected in reactivated viruses in patients
with reactivation from occult HBV infection that develop ALF
{20]. We revealed that both patients who developed fatal ALF
predominantly contained G1896A pre-C variants. The mechanism
by which the G1896A mutation triggers the development of ALF
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Ratio of Number of G1896A
G1896A mutant (%) mutant/total nucleotides
Liver #1 100 61,007/61,007
Liver #2 100 37,772/37,772
Liver #3 100 28,522/28,522
Liver #4 100 31,058/31,058
Liver #5 100 22,305/22,306
Liver #6 1.65 603/36,540
Liver #7 0.04 25/65,560
Liver #8 0.01 4/34,524
Liver #9 o] 0/6250
Liver #10 0 0/3713
Liver #11 0 0/28,607
Liver #12 0 0/19,565
Liver #13 0 0/30,432
Liver #14 0 0/25,118
Liver #15 0 0/44,475
Liver #16 0 0/18,628
Liver #17 0 0/56,581
Liver #18 0 0/33,525
Liver #19 0 0/65,535
Liver #20 0 0/27,574
Liver #21 0 0/38,029
Liver #22 0 0/28,124
Liver #23 0 0/34,889
Liver #24 0 0/38,163
Liver #25 Q 0/22,696
Liver #26 0 0/41,092
Liver #27 0 0/35,525
Liver #28 o] 0/27,640
Liver #29 0 0/48,424
Liver #30 0 0/27,096
Liver #31 o] 0/35,044
Liver #32 0 0/45,925
Liver #33 0 0/55,458
Liver #34 0 0/28,405
Liver #35 0 0/40,564
Liver #36 0 0/65,535
Liver #37 0 0/32,852
Liver #38 0 0/39,434
Liver #39 0 0/28,938
Liver #40 0 0/16,115
Liver #41 0 019,120
Liver #42 0 0/49,353
Liver #43 0 0/37,564
Liver #44 0 0/24,832

0 20 30 60 80 100

& G1896A mutant (%)

G1896 wild-type (%)

Fig. 3. Prevalence of G1896A pre-core mutants in the liver of 44 healthy occult HBV carriers. The ratio of G1896A mutants to wild-type G1896 for total reads is shown in
the left panel. The number of G1896A mutants, total reads at nucleotide position 1896, and the proportion of G1896A mutants (%) are shown in the right panel. (This figure

appears in colour on the web.)

remains unknown at present. Previous studies reported that the
G1896A variant has increased replication activity compared with
the wild-type strain in vitro { 18,29}, but we found no significant
association between the levels of circulating HBV DNA and the
ratios of wild-type/G1896A pre-C mutants in cases with reactiva-
tion from occult HBV infection. On the other hand, it is well rec-
ognized that HBeAg/anti-HBe serostatus is closely associated
with the ratios of wild-type/G1896A pre-C mutants in patients
with chronic HBV infection [30]. Interestingly, accumulating
evidence suggests that G1896A mutations abrogating HBeAg

synthesis remove the tolerogenic effect of HBeAg, leading to an
enhanced immune response that contributes to ALF development
{31]. We must also pay attention to the genotype of HBV in cases
with viral reactivation. Among the 14 cases with reactivation
from occult HBV infection, genotype B and C strains were
detected in five and nine patients, respectively. Among them,
three of five cases were negative for HBeAg but positive for
anti-HBe (60%) in genotype B and three of nine (33.3%) were
genotype C-infected patients, and both cases with developing
ALF were negative for HBeAg and infected with genotype B.
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Previous studies demonstrated that HBV genotypes affect the
liver disease outcome {32}, and genotype B strain is frequently
detected in patients developing ALF [ 1&]. Thus, it is possible that
the ratios of wild-type/G1896A pre-C mutants and viral genotype
influence the pathophysiology of viral reactivation.

In conclusion, our findings suggest that HBV reactivation can
occur during and after termination of chemotherapy or immuno-
suppressive therapy in occult HBV carriers with underlying
hematological malignancies, solid tumors or non-cancerous dis-
eases. Occult HBV infection and the resulting HBV reactivation
is characterized by low genetic heterogeneity. It is unclear
whether occult HBV carriers with the G1896A pre-C variant have
an increased risk of developing HBV reactivation and fatal ALF.
Further analysis with a larger cohort of patients is required to
clarify the frequency and mechanisms of HBV reactivation and
ALF in patients with occult HBV carrier status receiving chemo-
therapy or immunosuppressive therapy.
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Chronic Rejection Associated with Antiviral Therapy
for Recurrent Hepatitis C after Living-Donor
Liver Transplantation

Yoshihide Ueda,”* Toshimi Kaido,” Takashi Ito,” Kohei Ogawa,‘2 Atsushi Yoshizawa,? Yasuhiro Fujimoto,2
Akira Mori,? Aya Miyagawa-Hayashin0,3 Hironori Haga,3 Hiroyuki Marusawa,’ Tsutomu Chiba,’

and Shinji Uemoto®

Background. Chronic rejection (CR) has been reported to be associated with antiviral therapy for recurrent hepatitis
C in liver transplant (LT) recipients. The aims of this study were to clarify the details of antiviral therapy-associated
CR after living-donor liver transplantation (LDLT) and to identify the factors associated with CR.

Methods. A retrospective chart review was performed on 125 recipients who had received antiviral therapy for re-
current hepatitis C after LDLT between January 2001 and September 2012. The characteristics of patients who de-
veloped CR during or within 6 months after antiviral therapy were compared with those of 76 patients who did not
develop CR despite receiving antiviral therapy for more than 1 year. '

Results. Seven of 125 (6%) patients developed CR during or within 6 months after the end of antiviral therapy. CR
was diagnosed after a median (range) of 9 (1-16) months of antiviral therapy. In five patients, rejection progressed
rapidly and resulted in death within 3 months after diagnosis. Analysis revealed two significant factors associated with
CR: reduction of the immunosuppressant dose during antiviral therapy and a low fibrosis score as the indication for
antiviral therapy.

Conclusions. CR developed in association with antiviral therapy for recurrent hepatitis C after LDLT. This compli-
cation may be prevented by ensuring that the immunosuppressant dose is not reduced during antiviral therapy.

Keywords: Chronic rejection, Hepatitis C, Liver transplantation, Living donor, Antiviral therapy.

(Transplantation 2013;00: 00-00)

Hepatitis C virus (HCV) infection, which leads to liver
cirrhosis and hepatocellular carcinoma, is the most
common indication for liver transplantation (LT) in Japan,
the United States, and western Europe. Most patients who
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undergo LT for HCV-related liver disease develop recurrent
viral infection, and 70% to 90% suffer from histologically
proven recurrent hepatitis (1-6). The progression of recur-
rent hepatitis C is often rapid. Without appropriate antiviral
therapy, 10% to 25% of patients develop cirrhosis within
5 years after transplantation, and this explains the relatively
poor prognosis for HCV-positive recipients compared with
HCV-negative recipients (7). Interferon (IFN)-based com-
bination therapy is commonly administered to prevent the
progression of hepatitis C after LT (8, 9), but its efficacy in
LT recipients is limited. The mean (range) sustained viro-
logic response (SVR) rate in patients with recurrent hepa-
titis C after LT is only 30% (8%-50%) (10). One reason for
the low SVR rate is the high rate of treatment withdrawal,
particularly because of the unique adverse effects of IFN
therapy for transplant recipients, including chronic rejection
(CR) (11, 12). ’

CR is characterized by progressive ductopenia, with
atrophy and loss of the bile ducts in the portal tracts and by
arteriopathy with foamy cell infiltration (13—15). A chole-
static liver enzyme pattern suggests the diagnosis of CR. If
bile duct enlargement and/or hepatic artery changes are
excluded by imaging studies as potential causes of abnormal
liver function tests, then CR is confirmed or excluded by
liver biopsy examination. The incidence of CR after LT is
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approximately 3% to 5%. This event does not simply rep-
resent end-stage acute cellular rejection (ACR), although the
two may be temporally related. The pathogenesis of CR is
not completely understood, although its association with
donor-specific human leukocyte antigen antibodies was re-
cently reported (16). Additional immunosuppressive therapy
is unlikely to be beneficial for CR patients, particularly those
with late disease in which bile duct loss affects more than 50%
of the portal tracts, and retransplantation is required (15).

Several studies have suggested an association of CR
with IFN-based antiviral therapy (17-20). Two recent re-
ports found that CR was associated with antiviral therapy
for recurrent hepatitis C after LT (11, 12). Stanca et al. (12)
reported that 12 of 70 LT recipients with HCV infection
treated with pegylated IFN (peg-IFN) and ribavirin devel-
oped CR. Their study indicated that ACR and CR are
not strongly associated and that CR progresses rapidly, ter-
minating in graft failure. Fernandez et al. (1I) reported
that 7 of 79 (9%) patients developed CR during anti-
viral therapy. They found that the use of cyclosporine in
immunosuppression therapy, achievement of an SVR,
and ribavirin discontinuation were factors associated with
CR development.

Although the details of patients with antiviral therapy-
associated CR after deceased-donor liver transplantation
(DDLT) have been reported (11, 12), no study of antiviral
therapy-associated CR in patients receiving living-donor
liver transplantation (LDLT) has been published thus far.
The features specific to LDLT, including blood-relative do-
nors, posttransplantation liver regeneration, and ABO-
incompatible LT, might result in characteristic differences
between LDLT and DDLT patients.

We aimed to clarify the details of antiviral therapy-
associated CR after LDLT and to identify the factors asso-
ciated with CR.

RESULTS

Patient Characteristics and Treatment Outcomes

The study included 125 HCV-infected LT patients
treated with standard IFN and/or peg-IFN in combination
with ribavirin for recurrent hepatitis C after LDLT. Of these,
69 (55%) were men (median [range] age at the beginning of
therapy, 57 [32—70] years). Most patients were infected with
HCV genotype 1b (n=101 [81%]). The HCV genotype for
the remaining patients was 2a (n=14), 2b (n=6), 3a+3b
(n=1), and indeterminate (n=2). Genotype was not exam-
ined in one patient. The median (range) serum HCV RNA
load at the beginning of antiviral therapy after LDLT was
3980 (31 to <69,000) kIU/mL. The median (range) donor
age was 42 (19-65) years. Seventy-three (58%) donors were
men, and 84 (67%) were blood relatives of the recipients.
The graft type was the right lobe for 108 (86%) patients and
the left lobe for 17 (14%) patients. The blood type combi-
nation was incompatible for 27 (22%) patients. Thirty-six
(29%) patients had histologically diagnosed ACR before
antiviral therapy, 16 of whom had moderate or severe
ACR. No patient had shown ACR findings in the liver biopsy
examination immediately before antiviral therapy. The me-
dian (range) time to treatment initiation after LDLT was

Transplantation ¢ Volume 00, Number 00, Month 00, 2013

8.9 (1.1-72.4) months. Before treatment, necroinflammatory
activity of levels A1, A2, and A3 based on the METAVIR score
was found in 82 (66%), 40 (32%), and 3 (2%) patients, re-
spectively. Fibrosis scores of FO, F1, F2, and F3 were found
in 19 (15%), 82 (66%), 19 (15%), and 5 (4%) patients,
respectively. Tacrolimus-based immunosuppression was ad-
ministered to 117 (94%) patients and cyclosporine was ad-
ministered to 7 (6%) patients. Mycophenolate mofetil (MMF)
without calcineurin inhibitor (CNI) was administered to one
patient because of renal failure at the beginning of antivi-
ral therapy. In the patients who received tacrolimus, the
mean (range) serum trough level at therapy initiation was
6.2 {2.0-12.7) ng/mL. In addition to CNIs, MMF and pred-
nisolone were administered at the start of the antiviral treat-
ment to 39 (31%) and 21 (17%) patients, respectively.

Of the 123 patients in whom the final treatment out-
comes could be evaluated, 54 (44%) patients achieved SVR,
12 (10%) relapsed, 30 (24%) were nonresponders, and 27
(22%) withdrew from treatment. The remaining two pa-
tients were still undergoing treatment during the analysis.

Characteristics of Patients with Antiviral
Therapy-Associated CR

Seven of 125 (6%) patients developed CR during or
within 6 months after the end of antiviral therapy. The
characteristics and clinical courses of these seven patients
are shown in Table 1. Although four patients had a history
of ACR before antiviral therapy was initiated (three of
whom had moderate or severe ACR), three had no previous
ACR episodes. The METAVIR score-based fibrosis level be-
fore antiviral therapy was FO in three of the seven patients,
F1 in three patients, and F2 in one patient, indicating that
the antiviral therapy had been initiated at an early stage of
fibrosis. The median (range) time from transplantation to
initiation of antiviral therapy in these seven recipients was 9
(2-72) months. Tacrolimus was administered to five pa-
tients and cyclosporine was administered to one patient
when the antiviral therapy was initiated. One patient did not
receive a CNI because of renal failure (patient 7). Four pa-
tients received MMEF, and one patient received prednisolone
in combination with tacrolimus and MME The trough
levels of tacrolimus and cyclosporine were within the ther-
apeutic range. Standard amounts of immunosuppressant
were therefore used for all patients, except for patient 7 who
received MMF only. Immunosuppressant doses were re-
duced during therapy in five of seven patients. The tacrolimus
dose was reduced for two patients (patients 2 and 3), as a re-
sult of which the blood trough level of tacrolimus decreased by
approximately 2 ng/mL. In patient 3, MMF (500 mg/day) was
also stopped during treatment. In patient 4, the MMF dose
was reduced from 1000 to 250 mg per day, and prednisolone
treatment (2.5 mg/day) was also terminated during treatment.
In patient 5, MMF (1000 mg/day) was stopped immediately
after initiation of antiviral therapy. Patient 6 received no CNI,
and MMF dose was reduced from 500 to 250 mg per day
during treatment. Three patients received standard IFN, and
four received peg-IFN. Ribavirin was not administered to
three patients immediately before the diagnosis of CR because
of anemia.

CR was diagnosed after a median (range) of 9 (1-16)
months of antiviral therapy. Two patients were diagnosed
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TABLE 1. Characteristics of patients with CR associated with antiviral therapy
Patient 1 2 3 4 5 6 7
Age (years) 62 41 45 67 50 59 49
Gender Female Male Female Female Female Male Male
ABO mismatch with donor Match Match Match Mismatch Match Mismatch Match
Relation to donor Related Related Nonrelated Related Nonrelated Nonrelated Nonrelated
Graft type (lobe) Right Right Right Right Left Right Right
Splenectomy No No No No Yes Yes No
Previous ACR Yes Yes Yes No Yes No No
Previous moderate/severe ACR Yes No Yes No Yes No No
Previous steroid pulse Yes No No No Yes No No
HCYV genotype 1b 1b 1b 2a 1b b 1b
HCV RNA (kIU/mL) before IFN >850 3620 1790 >5000 >5000 >5000 16,000
METAVIR score before IFN A2 F2 A2 FO A1 FO Al F1 A2 Fl A1 FO Al F1
Months from LT to IFN 13 2 5 13 7 9 72
Months from initiation ) 9 1 16 10 15 8 7
of IFN to diagnosis of CR
Immunosuppressant at Tacrolimus Tacrolimus, Tacrolimus, Tacrolimus, Cyclosporine, MMF Tacrolimus, MMF MMF
initiation of IFN MMF MME, PSL
Trough level of CNI 7.8 7.9 7.9 6.8 152 5.9 —
Reduction of No Yes (tacrolimus) Yes (tacrolimus, Yes (MME, PSL) Yes (MMEF) No Yes (MME)
immunosuppressant MME)
during IEN (reduced drugs)
Type of IFN Standard Standard Standard Pegylated Pegylated Pegylated Pegylated
Ribavirin discontinuation No No Yes Yes No No Yes
IFN at diagnosis of CR On treatment On treatment 1 month after 5 months after On treatment On treatment On treatment
end of I[FN end of IFN
At diagnosis of CR
Liver biopsy Foam cell Bile duct atrophy Bile duct atrophy Bile duct atrophy, Bile duct atrophy, Bile duct atrophy, Foam cell
arteriopathy, bile duct loss bile duct loss bile duct loss arteriopathy,
bile duct bile duct
atrophy atrophy
AST (IU/L) 121 90 53 73 331 124 36
ALT (IU/L) 67 37 43 63 288 52 32
ALP (IU/L) 2034 906 494 1751 2143 528 1164
v-GTP (IU/L) 561 768 155 209 515 27 1489
Bilirubin (mg/dL) 18.6 18.8 31.5 38.1 11.8 16.4 22.6
HCV RNA (kIU/mL) Undetectable 460 Undetectable Undetectable 16,000 Undetectable 0.40
Treatment for CR Tacrolimus, MMF Tacrolimus Tacrolimus, Tacrolimus, Tacrolimus, MME, Tacrolimus, Tacrolimus, MME,
steroid pulse, MME PSL rapamycin, steroid pulse, rapamycin,
MMF steroid pulse MMF steroid pulse
Qutcome Died Alive Died Died Died Died Died
Months from 64 — 1 1 1 3 1
diagnosis of
CR to death

ALT, alanine aminotransferase; AST, aspartate aminotransferase; PSL, prednisolone.
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with CR after antiviral therapy was terminated. Antiviral
therapy was discontinued in the remaining five patients.
Of note, six patients were treated with IFN for more than
7 months, suggesting that long-term administration of
IFN is associated with CR. Liver biopsy was performed for
diagnosis of CR because of abnormal liver function tests in
all cases. All patients with documented CR had high levels
of alkaline phosphatase (ALP). Total bilirubin levels were
extremely high (11.8-38.1 mg/dL) at diagnosis, suggesting a
delayed diagnosis of CR. All liver biopsies showed atrophy
affecting most bile ducts as well as hepatocanalicular cho-
lestasis. Two patients (patients 1 and 7) showed foam cell
obliterative arteriopathy. Bile duct loss was shown in 100%,
67%, and 20% of the portal tracts in patients 4, 5, and 6,
respectively. In none of the seven patients was evidence of
ACR found in the biopsy specimens. Hepatic artery or bil-
iary tract obstruction or structuring was excluded by imag-
ing in all patients.

Serum HCV RNA was undetectable in four patients at
CR diagnosis and remained undetectable in all four patients
during the follow-up period. Two of the four patients were
considered to have SVR. Final outcomes could not be de-
termined in the remaining two patients who died within
24 weeks after termination of treatment.

Various intensive treatment protocols were used for
these seven patients after CR diagnosis, including increase of
tacrolimus dose, addition or increase in MMF and/or
prednisolone dose, administration of steroid pulse therapy,
and inclusion of rapamycin in the therapy. CR progressed
rapidly to liver failure in five patients (patients 3—7). These
five patients died within 3 months after diagnosis of CR due
to liver failure and infection. The liver damage in patient 1
gradually progressed to liver failure, and the patient died at
64 months after CR was diagnosed. Only one patient (pa-
tient 2) recovered from CR and survived, although a follow-up
liver biopsy showed chronic hepatitis C.

Risk Factors of CR Associated with
Antiviral Therapy

Factors associated with the development of CR during
and after antiviral therapy were analyzed by comparing the
features of 7 CR patients with those of 76 patients who did
not develop CR despite receiving antiviral therapy for more
than 1 year (Table 2). A reduction of the immunosuppressant
dose during antiviral therapy (P=0.034) and a low fibrosis
stage before antiviral therapy (P=0.045) were significantly
associated with antiviral therapy-related CR. No significant
associations were found with other variables, including donor
factors, ribavirin discontinuation, and undetectable HCV
RNA. The rate of previous ACR (P=0.065), rate of previous
moderate or severe ACR (P=0.059), ALP level (P=0.121),
and y-glutamyl transpeptidase (y-GTP) level (P=0.051) be-
fore antiviral therapy was higher in the patients who devel-
oped CR, but the differences from patients without CR were
not significant.

DISCUSSION
Of the 125 patients, 7 (6%) who received antiviral
therapy for hepatitis C after LDLT developed CR. CR

Transplantation ° Volume 00, Number 00, Month 00, 2013

progressed rapidly, resulting in death within 3 months after
diagnosis, in 5 of these 7 patients.

The risk of rejection have been suggested to increase
with IFN administration because of the drug’s theoretical
immunomodulatory actions, such as up-regulation of hu-
man leukocyte antigen class II antigens and induction of
proinflammatory cytokines (21). Previous studies have
reported that the frequency of CR in patients who received
IEN was substantially higher compared with patients who
did not receive antiviral therapy (11, 12, 17). In the present
study, the rate of antiviral therapy-associated CR was 6%.
This rate is high, because no CR occurred in the entire study
period other than during or within 6 months after termi-
nation of antiviral therapy in the 230 HCV-positive re-
cipients analyzed. Some cases showed sudden onset of
CR after a long transplantation period in the absence of
preexisting ACR, supporting the association of antiviral
therapy with CR.

In our analysis, the two significant risk factors for CR
were reduction of the immunosuppressant dose during
antiviral therapy and low fibrosis score at antiviral therapy
initiation. Additional characteristics associated with CR
were elevated cholestatic enzyme levels at the time of diag-
nosis, onset of CR more than 7 months after treatment
initiation (excluding one patient) and poor prognosis after
the diagnosis. The MMF dose was reduced or stopped dur-
ing antiviral therapy in four of five patients who had re-
ceived MMF at the start of the treatment. We had initially
tried to reduce the MMF dose during antiviral therapy, be-
cause MMF is known to suppress the bone marrow and
could therefore augment the cytopenic effects of IFN and
ribavirin. We had reduced immunosuppressant according to
our reduction protocol even during antiviral therapy. Based
on the data, we subsequently changed our strategy to
maintaining the MMF dose and increasing the trough level of
CNIs during antiviral therapy. The reason for the association
between the low fibrosis score and CR is currently unclear.
Although some institutions recommend early introduction of
antiviral therapy (8, 9), our data suggest that antiviral therapy
should not be administered to patients with no or mild fi-
brosis. On the contrary, it is reported that tolerance to therapy
decreases significantly in patients with a fibrosis stage >3 on
baseline liver biopsy (22). Therefore, the antiviral therapy
should be initiated in patients with a fibrosis stage 2, as the
recent review articles recommended (23, 24).

All our patients underwent LDLT, but no characteris-
tics specific to LDLT, including blood-relative donors, graft
size, and ABO incompatibility, were identified as risk factors
for CR in our study. This appears to indicate that LDLT and
DDILT patients do not differ with respect to antiviral
therapy-associated CR.

Early diagnosis of CR, as well as prevention, is im-
portant for ensuring improved outcomes in LT recipients.
CR was diagnosed in our patients after liver damage had
already progressed. Histologic diagnosis of CR was difficult
in all these cases, despite repeated liver biopsy examination.
However, all the patients had elevated ALP and y-GTP levels
before jaundice was observed. CR should therefore be
suspected when a cholestatic liver enzyme pattern develops
during antiviral therapy for hepatitis C. When imaging has
excluded large bile duct and/or hepatic artery changes as the

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 2. Risk factors for CR
CR (n=7) No CR (n=76) P
Age at LT (years) 50 (41—67) 56 (36—69) 0.506"
Gender, male/female 3/4 44/32 0.352°
HCV genotype, 1/non-1 6/1 71/5 0.421°
Donor age at LT (years) 46 (28—60) 42 (21—65) 0.857°
Donor gender, male/female 4/3 40/36 0.568"
Sex mismatch, match/mismatch 0/7 26/50 0.064°
ABO mismatch, match/mismatch 5/2 59/17 0.507°
Relation to donor, related/nonrelated 3/4 48/28 0.254"
HLA-A matched number, 0/1/2/unknown 0/5/2/0 13/44/16/3 0.332°
HLA-B matched number, 0/1/2/unknown 2/4/1/0 21/47/5/3 0.778%
HLA-DR matched number, 0/1/2/unknown 3/3/1/0 18/47/8/3 0.487°
Graft type, left lobe/right lobe 1/6 9/67 0.608°
Splenectomy, yes/no 2/5 38/38 0.247°
Previous ACR, yes/no 4/3 17/59 0.065°
Previous moderate/severe ACR, yes/no 3/4 9/67 0.059°
Previous steroid pulse therapy, yes/no 2/5 8/68 0.198"
Months from LT to therapy 9.0 (1.8—72.4) 9.1 (2.2—68.8) 0.694°
Valuables at initiation of IFN
Age (years) 55 (41—68) 57 (37—70) 0.599°
CNI tacrolimus/cyclosporine 5/1 71/5 0.376"
Trough level for tacrolimus (ng/mL) 7.3 (0—7.9) 6.2 (2.6—10.9) 0.641¢
AST (IU/L) 68 (24—464) 76 (21—331) 0.908*
ALT (IU/L) 88 (25—354) 79 (20—392) 0.842°
ALP (IU/L) 878 (283—2977) 462 (168—2818) 0.121¢
v-GTP (IU/L) 317 (48—1623) 112 (15—1704) 0.051
Bilirubin (mg/dL) 0.8 (0.3—10.4) 0.9 (0.3—4.6) 0.861°
Activity grade, A1/A2/A3 4/3/0 50/24/2 0.693“
Fibrosis stage, FO/F1/F2/F3 3/3/1/0 4/56/13/3 0.045%
Reduction of immunosuppressant during IFN, yes/no 5/2 22/54 0.034°
Ribavirin discontinuation during IFN, yes/no 3/4 26/50 0.468"
Undetectable HCV RNA during IFN, yes/no 4/3 51/25 0.439%

# Wilcoxon rank-sum test.
b Chi-square test.

Comparison was made between 7 patients with CR and 76 patients without CR despite receiving antiviral therapy for more than 1 year (No CR).
Qualitative variables expressed as number. Quantitative variables expressed as median (range).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HLA, human leukocyte antigen.

potential etiology of abnormal liver function, we believe that
cessation of antiviral therapy and initiation of intensive
immunosuppressive therapy should be considered, even
without histologic confirmation of CR.

Some limitations of this study are its retrospective
nature and relatively small sample size. Because the fre-
quency of CR was low, the sample size was not adequate for
multivariate analysis.

In conclusion, CR developed in association with
antiviral therapy for recurrent hepatitis C after LDLT. Re-
duction of the immunosuppressant dose during antiviral
therapy should be avoided and antiviral therapy should not
be administered to patients with no or mild fibrosis to
prevent antiviral therapy-associated CR. Early CR diagno-
sis should be suspected when a cholestatic liver enzyme
pattern develops during antiviral therapy. In these cases,
discontinuation of antiviral therapy and increase in the

immunosuppressant dose are recommended when other
causes of liver dysfunction are excluded.

MATERIALS AND METHODS

Patients

A total of 232 patients with HCV-related end-stage liver disease
underwent LDLT at Kyoto University Hospital between March 1999 and
September 2012. Two patients who received a liver graft from an identical
twin were excluded from this study, because they did not require immu-
nosuppression because of genetic identity. Of the remaining 230 patients,
157 patients were followed up for more than 6 months after LDLT in our
hospital. Antiviral therapy was administered to 125 of the 157 patients with
recurrent hepatitis C between January 2001 and September 2012. They were
diagnosed with recurrent hepatitis C after LDLT via serum HCV RNA
analysis and histologic evidence. The remaining 32 patients did not receive
antiviral therapy for various reasons: serum HCV RNA negative after LDLT
(n=4), no histologic hepatitis C recurrence in the follow-up period (n=13),

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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no fibrosis seen by liver histology (n=8), and ongoing treatment for the other
complications (n=7). CR was defined histologically according to the updated
International Banff Schema for Liver Allograft Rejection with the following
criteria: (a) the presence of bile duct atrophy/pyknosis affecting most of the
bile ducts with or without bile duct loss, (b) convincing foam cell obliterative
arteriopathy, or (c) bile duct loss affecting more than 50% of the portal tracts
(13). Patients who were diagnosed with CR based on these diagnostic criteria
during or within 6 months after terminating antiviral therapy were examined
for antiviral therapy-associated CR. The clinical features of these 7 patients
with CR were compared with those of 76 patients who did not have CR despite
receiving antiviral therapy for more than 1 year to determine the risk factors
for CR.

The study protocol was approved by the ethics committee at Kyoto
University and performed in compliance with the Helsinki Declaration.

Treatment Protocol and Definition of Responses
to Treatment

Between January 2001 and April 2004, 40 patients with recurrent hepa-
titis C after LDLT received treatment with IFN-a-2b plus ribavirin (25).
From May 2004 to June 2011, patients received combination therapy with
peg-1EN-a-2b plus ribavirin (26). Patients who acquired a negative serum
HCV RNA status within 12 months after treatment initiation continued to
receive the treatment for an additional 12 months. Patients who tested
negative for serum HCV RNA for more than 6 months after completing IFN
therapy were defined as having achieved SVR. For those who tested positive
for serum HCV RNA after 12 months of treatment, therapy was dis-
continued or switched to maintenance therapy with low-dose peg-IFN (27),
and patients were classified as having shown no response.

Histologic Assessment

Liver biopsy examination was performed when patients showed abnor-
mal liver function tests, or at yearly intervals, with informed consent. Bi-
opsy specimens were evaluated by two pathologists (H.H. and AM.-H.)
with extensive experience in the pathology of LT. Necroinflammatory ac-
tivity (A0-A3) and fibrosis stage (FO-F4) were assessed using METAVIR
scores (28).

Immunosuppression

Tacrolimus with low-dose steroid or MMF was administered to most
patients for immunosuppression (25). The target whole blood lower level
for tacrolimus was 10 to 15 ng/mL during the first 2 weeks, 10 ng/mL there-
after, and 5 to 8 ng/mL starting from the second month. Steroid therapy was
initiated at a dose of 10 mg/kg methylprednisolone before graft reperfusion
then tapered down from 1 mg/kg per day on days 1 to 3, to 0.5 mg/kg per day
on days 4 to 6, and to 0.3 mg/kg per day on day 7. Subsequently, oral pred-
nisolone was continued at 0.3 mg/kg per day until the end of the first month,
and this was followed by 0.1 mg/kg per day until the end of the third month.
After that, steroid administration was terminated. MMF was initiated 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. Thereafter,
MMF administration was terminated. Four patients received cyclosporine
microemulsions instead of tacrolimus. MMF and/or prednisolone was ad-
ministered again to patients who experienced refractory rejection or required
reduction of the tacrolimus or cyclosporine dose because of adverse events and
then tapered down gradually. Twenty-seven patients who received ABO-
incompatible transplants were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin E1 and methyl-
prednisolone (29).

Virologic Assays

HCV genotype was determined using a genotyping system based on
polymerase chain reaction (PCR) to amplify the core region using
genotype-specific primers (30). The serum HCV RNA load was evaluated
before LDLT, before IFN 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) until
April 2008. A real-time PCR-based quantitation method for HCV (COBAS

Transplantation ¢ Volume 00, Number 00, Month 00, 2013

AmpliPrep/COBAS TagMan HCV Test; Roche Molecular Systems) was used
alternatively from May 2008.

Statistical Analysis

To evaluate the association between patient characteristics and CR, the
characteristics were defined and compared between patients with and
without CR. Medians and ranges were determined for continuous variables,
and data were analyzed using the Wilcoxon rank-sum test. Categorical
variables were expressed as counts, and data were analyzed using the chi-
square test. A significance level of P<0.05 was considered significant. Sta-
tistical analyses were performed using PASW Statistics version 18.0.0 (SPSS,
an IBM company).
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Liver Transplantation in Japan
—Registry by the Japanese Liver Transplantation Society—

The Japanese Liver Transplantation Society

[Summary]

As of December 31, 2013, a total of 7,474 liver transplants have been performed at 66 institutions in Japan. This
total included 7,255 living-donor transplants and 219 cadaveric-donor transplants (216 from heart-beating donors
and 3 from non-heart-beating donors). The annual total of liver transplants in 2013 decreased to 408, from 422, in
2012. The number of liver transplants from living donors decreased to 369, from 381, whereas the number of liver
transplants from heart-beating cadaveric donors did not change significantly. The most frequent indication was cho-
lestatic disease, followed by neoplastic disease. As for the graft liver in living-donor cases, a right-lobe graft was
the most popular (36%). Patient survival following transplantations from heart-beating donors (1 year, 85.9%; 3
years, 82.6%; 5 years, 81.3%; 10 years, 73.8%) was similar to those from living donors (1 year, 83.8%; 3 years,
79.6%; 5 years, 77.1%; 10 years, 71.9%; 15 years, 67.8%; 20 years, 66.1%) . Graft survival was very much the
same as patient survival. As for ABO-incompatible transplantation, new strategies, including portal vein infusion
and rituximab prophylaxis, have been improving prognoses in adults as well as in children older than 3 years.

Keywords: Japanese Liver Transplantation Society, registry, cadaveric liver transplantation, living-donor liver

transplantation, prognosis
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