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Abstract
Background The optimal therapy for recurrent hepatitis C

virus (HCV) infection after liver transplantation has not yet
been established. This study aimed to clarify the efficacy

and safety of interferon-free therapy with sofosbuvir and

ledipasvir without ribavirin for 12 weeks in Japanese
patients with HCV genotype 1b infection after living donor

liver transplantation.

Methods A cohort study of living donor liver transplant
recipients with recurrent HCV genotype 1b infection trea-

ted with sofosbuvir (400 mg/day) and ledipasvir

(90 mg/day) was performed at six liver transplant centers
in Japan.

Results Fifty-four patients were treated with sofosbuvir

and ledipasvir. Thirty-eight patients (70%) were

treatment experienced, including 17 patients who had

undergone prior direct-acting-antiviral-based triple ther-

apy. Ten patients had resistance-associated substitutions
at L31 or Y93 in the NS5A region of the HCV genome.

Fifty-three patients completed the 12-week treatment

protocol; treatment was discontinued in one patient who
developed pneumonia at 4 weeks and died thereafter. All

53 patients who completed the treatment regimen

achieved a sustained virological response 12 weeks after
completion of treatment. Treatment was well tolerated in

most patients, but seven patients developed serious

adverse events, including hemorrhagic duodenal ulcers
(n = 3), infection (n = 2), pleural effusion (n = 1), and

alveolar hemorrhage (n = 1).

Conclusions Sofosbuvir and ledipasvir treatment without
ribavirin for 12 weeks was highly effective in achieving a

sustained virological response in Japanese patients who

developed recurrent HCV genotype 1b infection after liv-
ing donor liver transplantation.
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ETR End-of treatment response
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SVR Sustained virological response

SVR12 Sustained virological response at 12 weeks
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Introduction

Liver cirrhosis and hepatocellular carcinoma secondary to

hepatitis C virus (HCV) infection are the leading indica-
tions for liver transplantation in many countries, including

Japan. Almost all HCV-positive recipients develop recur-

rent hepatitis C, and the progression of fibrosis in the
transplanted liver is often accelerated, resulting in poor

transplant recipient prognosis [1–3]. Antiviral therapy is

the most effective way to modify the course of recurrent
HCV-mediated disease and to prevent the progression to

cirrhosis. The treatment for recurrent HCV infection after

liver transplantation has dramatically changed from inter-
feron-containing regimens to interferon-free therapies.

Interferon-free therapy for recurrent HCV infection after

liver transplantation has been shown to be highly effica-
cious and safe. In particular, sofosbuvir-based regimens

have shown no clinically significant drug–drug interactions

with immunosuppressive agents, and they are capable of
achieving a high sustained virological response (SVR) rate

in transplant recipients. However, patients who develop

recurrent HCV infection after liver transplantation pose
unique therapeutic challenges and are considered more

difficult to treat than those with HCV infection of a native

liver [4]. The American Association for the Study of Liver
Disease and the Infectious Diseases Society of America

recommend a 12-week treatment regimen with either (1)
sofosbuvir and ledipasvir with ribavirin or (2) sofosbuvir

and daclatasvir with ribavirin for patients with HCV

genotype 1 or genotype 4 infection of the allograft. For
patients who are ribavirin ineligible, 24 weeks of treatment

with sofosbuvir and ledipasvir, or sofosbuvir and dacla-

tasvir is the recommended regimen. However, to ensure
safe use of these regimens in liver transplant recipients,

practical issues, such as the high cost of treatment, and

clinical issues, such as the management of anemia sec-
ondary to ribavirin therapy, must be considered.

Japan has developed unique treatment regimens for

hepatitis C after liver transplantation that use various
combinations of direct-acting antivirals (DAAs). Triple

therapy with simeprevir, peginterferon, and ribavirin,

interferon-free therapy with daclatasvir and asunaprevir, or
both have been used in many patients [5, 6]. Unfortunately,

these therapies resulted in the emergence of resistant HCV

variants bearing amino acid substitutions in the NS3 and
NA5A regions of the HCV genome in non-SVR patients.

These resistance-associated variants might adversely affect

the efficacy of retreatment with DAAs. At present, the
standard treatment for HCV genotype 1 infection in Japan

is a 12 week-regimen of sofosbuvir and ledipasvir without

ribavirin, and the main reason for this is restrictions
imposed by Japanese health insurance policies. Also

unique to Japan is the fact that living donor liver trans-

plantation (LDLT) is commoner than in other parts of the
world because of the limited availability of deceased donor

grafts. Since most of the studies on interferon-free therapy

for recurrent HCV infection described above were con-
ducted in patients who underwent deceased donor liver

transplantation, the safety and efficacy of this treatment

regimen are yet to be confirmed independently in Japanese
patients who undergo LDLT.

Here we evaluated the efficacy and safety of a 12-week
regimen of sofosbuvir and ledipasvir without ribavirin in

patients with recurrent HCV infection after LDLT in a

Japanese multicenter study.

Patients and methods

Study design and patients

We conducted a cohort study at six liver transplant centers

in Japan. Living donor liver transplant recipients with

recurrent HCV infection diagnosed between October 2015
and March 2016 were treated with sofosbuvir (400 mg

once daily) and ledipasvir (90 mg once daily) without

ribavirin for 12 weeks. The eligibility criteria included (1)
age 18 years or older, (2) chronic HCV genotype 1 infec-

tion, and (3) status after LDLT. Patients with decompen-

sated liver disease or renal insufficiency (estimated
glomerular filtration rate less than 30 mL/min/1.73 m2)

were excluded from the study. The ethics committee at

each liver transplant center approved the study protocol,
and all patients provided written informed consent.

Virological assays and histological assessment

The HCV genotype was determined by use of a genotyping

system based on a polymerase chain reaction (PCR) of the
core region using genotype-specific primers [7]. The serum

HCV RNA load was evaluated by use of a real-time PCR-

based quantification method for HCV (COBAS AmpliPrep/
COBAS TaqMan HCV test, Roche Molecular Systems,

Pleasanton, CA, USA). Resistance-associated substitutions

in the NS5A region of the HCV genome were analyzed
before therapy by direct sequencing.

The rapid virological response (RVR) and end-of-treat-

ment response (ETR) were defined as undetectable HCV
RNA at 4 weeks and at the end of treatment respectively.

SVR at 12 weeks (SVR12) was defined as the absence of

HCV RNA in the serum for more than 12 weeks after
completion of the treatment.

Liver biopsy results were evaluated before treatment in

52 of 54 patients (96%), and necroinflammatory activity
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(A0–A3) and fibrosis stage (F0–F4) were assessed with the

METAVIR score.

Safety assessments

Patients were hospitalized before the initiation of treatment

and were under strict clinical monitoring until they were

stabilized. The monitoring included physical examinations,
clinical laboratory tests, monitoring of vital signs, and

electrocardiograph recordings. Blood concentration of
tacrolimus or cyclosporine was adjusted by use of thera-

peutic drug monitoring. The monitoring intervals and the

management were not standardized across centers and were
set at the investigator’s discretion. All adverse events were

recorded during the treatment period and until 12 weeks

after the last dose was administered. Any discontinuation
of sofosbuvir and ledipasvir therapy was also recorded.

Results

Patients’ characteristics

Between October 2015 and March 2016, 54 patients with

recurrent HCV genotype 1b infection after LDLT were
treated with sofosbuvir and ledipasvir at six transplant

centers in Japan. The patients’ baseline characteristics are

presented in Table 1. The median age of the study popu-
lation at the start of the therapy was 64 years (range

47–77 years), and 29 of the patients (54%) were female.

The median body weight and body mass index were
59.0 kg and 23.9 kg/m2 respectively. Graft types included

left lobe (n = 23, 43%), right lobe (n = 30, 56%), and

lateral segment (n = 1) grafts. Splenectomy was per-
formed in 47 patients (87%). The median time to treatment

initiation after LDLT was 61 months (range

1–158 months). The median serum HCV RNA load at the
start of the therapy was 6.5 log IU/mL (range 3.8–8.0 log

IU/mL). Resistance-associated substitutions were present

at L31 (n = 4, 7%) and Y93 (n = 6, 11%) in the NS5A
region of the HCV genome. Forty patients (74%) were

treated with tacrolimus-based immunosuppression.

Mycophenolate mofetil and prednisolone were used at the
initiation of the treatment in 25 patients (46%) and 15

patients (28%) respectively. Thirty-eight patients (70%)

were treatment experienced, including 17 patients (31%)
with prior DAA use.

Efficacy and safety

Of the 54 patients treated with sofosbuvir and ledipasvir,

53 completed the treatment protocol; treatment was dis-
continued in one patient who developed pneumonia at

Table 1 Characteristics of patients treated with sofosbuvir and
ledipasvir after living donor liver transplantation (LDLT)

n = 54

Age (years)a 64 (47–77)

Sex

Male 25

Female 29

Weight (kg)a 59.0 (43.0–86.5)

Body mass index (kg/m2)a 23.9 (16.9–31.2)

Graft type

Left 23

Right 30

Lateral 1

Splenectomy 47 (87%)

Duration (months) from LDLT to therapya 61 (1–158)

HCV RNA (log IU/mL)a 6.5 (3.8–8.0)

Resistance-associated variants

NS5A L31M/V 4 (7%)

NS5A Y93H 6 (11%)

Immunosuppression

Calcineurin inhibitor

Tacrolimus 40

Cyclosporine 11

None 3

MMF 25 (46%)

Prednisolone 15 (28%)

METAVIR score

Activity grade

A0 3

A1 22

A2 27

A3 0

NE 2

Fibrosis stage

F0 4

F1 22

F2 17

F3 7

F4 2

NE 2

Prior therapy post-transplant 38 (70%)

Prior DAA use 17 (31%)

TPV 1 (2%)

SMV 13 (24%)

TPV ? SMV 2 (4%)

SMV ? DCV/ASV 1 (2%)

DAA direct-acting antiviral, DCV/ASV interferon-free therapy with
daclatasvir and asunaprevir, HCV hepatitis C virus, MMF mycophe-
nolate mofetil, NE not examined, SMV simeprevir-based triple ther-
apy, TPV telaprevir-based triple therapy
a The median is given, with the range in parentheses
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4 weeks and died thereafter. All 53 patients who completed
the 12-week treatment protocol achieved SVR12. Figure 1

demonstrates the virological outcomes of the therapy. The

serum level of HCV RNA became undetectable within
4 weeks (i.e., RVR) in 52% of patients, and all patients

who completed the treatment protocol achieved ETR, with

SVR12 rates of 98% (53 of 54 patients) in the intention-to
treat analysis and 100% (53 of 53 patients) after exclusion

of the patient who died after achieving RVR. Four of ten

patients who had resistance-associated substitutions in the
NS5A region before treatment had RVR, and all ten of

these achieved SVR12. The RVR and SVR12 rates in the

17 patients with prior DAA use were 53% and 100%

respectively.
Adverse events that occurred during the therapy are

summarized in Table 2. Adverse events occurred in ten

patients (19%), including serious adverse events in seven
patients (13%). No clinical features, including body

weight, liver fibrosis stage, and renal function, were

identified in these seven patients with serious adverse
events as compared with those in patients without serious

adverse events. Treatment was discontinued in one patient
who developed pneumonia and died thereafter. The

patient was a 67-year-old woman who underwent LDLT

by use of a left lobe graft without splenectomy; treatment
with sofosbuvir and ledipasvir was initiated 4 months

after LDLT. Four weeks later, she developed bacterial

pneumonia, and anti-HCV treatment was discontinued.
She was treated with antibiotics, but died of multiple

organ failure 6.5 months after LDLT. Three patients

developed hemorrhagic duodenal ulcers at 1, 3, and
3 weeks from the start of the treatment following the

cessation of proton pump inhibitor (PPI) therapy because

of a drug–drug interaction with ledipasvir. One patient
developed alveolar hemorrhage at 2 weeks from the start

of the treatment, which recovered spontaneously. Infec-

tion was observed in five patients, and included shingles
(n = 2), pneumonia (n = 1), cytomegalovirus retinitis

(n = 1), and upper respiratory tract infection (n = 1).

Pleural effusion, shingles, diarrhea, hypoglycemia, and
hyponatremia also occurred in one patient. There were no

cases of graft rejection. No clinically significant drug–

drug interactions with immunosuppressive agents were
observed.
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Fig. 1 Virological responses to sofosbuvir and ledipasvir therapy.
The rapid virological response (RVR) and end-of-treatment response
(ETR) are defined as undetectable hepatitis C virus (HCV) RNA in the
serum at 4 weeks and 12 weeks (end of treatment) respectively.
Sustained virological response at 12 weeks (SVR12) is defined as the
absence of HCV RNA in the serum for more than 12 weeks after
termination of the treatment. SVR4 sustained virological response at
4 weeks

Table 2 Adverse events during
sofosbuvir and ledipasvir
therapy after living donor liver
transplantation

Patients (n = 54)

Any adverse event 10 (19%)

Any adverse event leading to discontinuation of treatment 1 (2%)

Serious adverse events 7 (13%)

Death (pneumonia) 1 (2%)

Hemorrhagic duodenal ulcer 3 (6%)

Alveolar hemorrhage 1 (2%)

Pleural effusion 1 (2%)

Shingles 1 (2%)

Nonserious adverse events

Shingles 1 (2%)

Cytomegalovirus retinitis 1 (2%)

Upper respiratory tract infection 1 (2%)

Headache 1 (2%)

Diarrhea 1 (2%)

Hyponatremia 1 (2%)

Hyperglycemia 1 (2%)
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Discussion

In the current study, we demonstrated the efficacy and
safety of a 12-week regimen of sofosbuvir and ledipasvir

without ribavirin in Japanese patients with recurrent HCV

infection after LDLT. The SVR12 rate for this therapy was
98% in the intention-to treat analysis and 100% when a

patient who died after achieving RVR was excluded,

indicating that sofosbuvir and ledipasvir therapy is highly
effective in this cohort. Importantly, SVR12 was achieved

in all patients who had resistance-associated substitutions

in the NS5A region before treatment and in patients who
were previously treated with DAAs.

The efficacy and safety of a 12-week treatment regimen

consisting of sofosbuvir, ledipasvir, and ribavirin in
patients with recurrent hepatitis C after liver transplan-

tation have been well clarified in the SOLAR-1 and

SOLAR-2 studies [8, 9]. In these studies, SVR12 was
achieved by 92% and 93% of transplant recipients

respectively. There are a number of important differences

between the current study and the studies described
above: first, our cohort was not treated with ribavirin

because of restrictions imposed by Japanese health
insurance policies; second, all of the patients in this study

had HCV genotype 1b; third, our cohort status was after

LDLT; and fourth, we studied an exclusively Japanese
cohort. The reason for the extremely high efficacy of the

12-week regimen consisting of sofosbuvir and ledipasvir

in this study is unknown, but the extremely high efficacy
may be partly attributed to differences from the study

protocols described above.

There is ongoing debate about whether or not a 12-week
course of ribavirin is needed as part of the interferon-free

treatment protocol for patients after liver transplantation.

Data without ribavirin use have been reported from several
groups [10–15]. In most studies, sofosbuvir and simeprevir

were used, and the SVR12 rates were reported to range

from 88% to 93%. Pungpapong et al. [14] evaluated the
efficacy of sofosbuvir and simeprevir with (n = 25) or

without (n = 98) ribavirin for 12 weeks, and reported a

90% SVR rate that was independent of ribavirin use.
Another study reported that the SVR12 rate in 21 transplant

recipients treated for 12 weeks with sofosbuvir and

daclatasvir without ribavirin was 100% [16]. To our
knowledge, ours is the first study to demonstrate the high

efficacy of a 12-week regimen of sofosbuvir and ledipasvir

without ribavirin in transplant recipients. These results
indicate that 12-week sofosbuvir-based interferon-free

therapies without ribavirin are effective in patients who

have undergone liver transplantation. Ribavirin-free regi-
mens would be better tolerated by liver transplant recipi-

ents because they reduce the risk of anemia.

In this study, all patients had HCV genotype 1b, which is

consistent with the HCV genotype distribution in Japan. In
contrast, most of the previous studies were conducted on

patients with HCV genotype 1a. This difference in genotype

prevalence among study participantsmay explain the superior
treatment efficacy observed in this study as compared with

that observed in previous reports.Gutierrez et al. [12] reported

that the SVR12 rate for sofosbuvir and simeprevir with
(n = 3) or without (n = 58) ribavirin for 12 weeks was only

67% in liver transplant recipients with HCV genotype 1a who
had advancedfibrosis,whereas recipientswithHCVgenotype

1b had a 100% SVR rate regardless of the degree of fibrosis

[12]. However, to date, no clinical differences in the efficacy
of sofosbuvir and ledipasvir have been identified between

HCV genotype 1a and HCV genotype 1b in nontransplant or

transplant settings [8, 9, 17–19]. It is also possible that the
efficacy of the interferon-free protocol used in this study was

affected by other clinical features of our study participants.

For example, our cohort status was after LDLT, most of the
participants had undergone splenectomy, and were lean

(median body weight was 59.0 kg), and all participants were

Japanese. The recipient and donor interleukin (IL)-28B
genotypeof the single-nucleotidepolymorphismat rs8099917

was analyzed in 40 recipients and 25 donors in the current

study. Minor genotype, TG or GG, was detected in 13 (29%)
of the 40 recipients and 8 (32%) of the 25 donors, consistent

with the IL-28B genotype distribution in Japan. Because

sofosbuvir and ledipasvir therapy was highly effective in
patients with both the IL-28Bmajor genotype and the IL-28B

minor genotypes, the IL-28B single-nucleotide polymor-

phismwould not affect the high efficacy of the interferon-free
therapy used in this study.

With respect to safety and tolerability issues, interferon-

free therapy has been reported to be superior to interferon-
containing therapy. Few serious adverse events have been

observed with interferon-free therapy in previous studies.

In a Japanese phase 3 trial with sofosbuvir and ledipasvir in
a nontransplant setting, only 3 (2%) of the 171 patients had

serious adverse events [20]. However, in this study, we

encountered several severe adverse events, including
hemorrhagic duodenal ulcers, which occurred in three

patients secondary to the discontinuation of PPI therapy

before the initiation of sofosbuvir and ledipasvir therapy.
PPI therapy was discontinued because PPIs have been

found to interact with ledipasvir and reduce its absorption.

A preliminary retrospective study showed that PPI use was
associated with lower SVR rates. Therefore, in this study,

at the investigator’s discretion, PPI therapy was discon-

tinued before anti-HCV therapy was started, and this
increased the risk of hemorrhagic duodenal ulcers in

transplant recipients. However, a recent report on a large

cohort study showed that PPI use was not associated with

J Gastroenterol

123

Apple


Apple


Apple




decreased SVR rates [21], and thus PPI therapy should not

be discontinued in patients after liver transplantation. In
addition, infection was observed in five patients in this

study. Immunosuppressants used after liver transplantation

increase the risk of infection, although the association with
DAAs is unknown.

In conclusion, a 12-week therapeutic regimen consisting

of sofosbuvir and ledipasvir without ribavirin is highly
effective for Japanese patients with recurrent hepatitis C

after LDLT. Further studies with a larger number of
patients are required to clarify the efficacy of this treatment

regimen.
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