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Aim: This study aimed to clarify the efficacy and safety of
simeprevir, a second-generation NS3/4A inhibitor, with pegin-
terferon and ribavirin for recurrent hepatitis C after liver
transplantation.

Methods: A retrospective cohort study of living-donor liver
transplant recipients with recurrent hepatitis C with the hepatitis
C virus genotype 1 treated with either simeprevir- or telaprevir-
based triple therapy was carried out at eight Japanese liver
transplant centers.

Results: Simeprevir- and telaprevir-based triple therapies
were given to 79 and 36 patients, respectively. Of the 79
patients treated with simeprevir-based triple therapy, 44
(56%) achieved sustained virological response 12 weeks
(SVR12) after treatment ended, and there was no significant
difference in the SVR12 between the simeprevir- and
telaprevir-based triple therapy groups (69%). The rates of ad-
verse events were not significantly different between the

simeprevir- and telaprevir-based triple therapy groups,
although the rate of patients who received blood cell trans-
fusion and erythropoietin due to anemia and had renal insuf-
ficiency were significantly higher in the telaprevir group
than in the simeprevir group. Three baseline factors, the
presence of prior dual therapy with peginterferon and riba-
virin (P=0.001), a non-responder to the prior dual therapy
(P < 0.001), and male sex (P=0.040), were identified as
significant predictive factors for non-SVR with simeprevir-
based triple therapy.

Conclusion: Simeprevir-based triple therapy for recurrent hep-
atitis C after living-donor liver transplantation resulted in a high
SVR rate and good tolerability, especially in treatment-naive
patients.
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INTRODUCTION

IVER CIRRHOSIS AND hepatocellular carcinoma
caused by hepatitis C virus (HCV) infection are the
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leading indications for liver transplantation in many coun-
tries, including Japan. However, almost all HCV-positive
recipients develop recurrent hepatitis C.'~* After hepatitis
C recurrence, the progression of fibrosis in the transplanted
liver is often accelerated, and 10-30% of transplant recipi-
ents with an HCV infection develop cirrhosis within
5 years," ™ resulting in a poorer prognosis for HCV-positive
recipients than HCV-negative recipients.”’

To prevent the progression of hepatitis C after liver trans-
plantation, dual therapy with peginterferon and ribavirin
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has been administered as standard therapy for a long
time."*'" However, the efficacy of dual therapy for liver trans-
plant recipients is limited, with a mean sustained virological
response (SVR) rate of only 30% (range, 8-50%)."? In
addition, many adverse events due to dual therapy, in-
cluding immune-mediated graft dysfunction (IGD),
have been reported.'?

The first direct acting antivirals (DAA), telaprevir and
boceprevir in combination with peginterferon and ribavi-
rin, became available for clinical use in 2011. However,
using these first-generation NS3/4A inhibitors in liver
transplant recipients is challenging because of the drug-
drug interaction with calcineurin inhibitors, tacrolimus,
and cyclosporine.'* Triple therapy with telaprevir or
boceprevir in addition to peginterferon and ribavirin
reportedly increases the SVR rate to 50-63%, according
to findings from large multicenter studies.'*"® Severe ane-
mia, renal dysfunction, and infection, in addition to the
adverse events observed with dual therapy, were frequently
observed during triple therapy, and patients died while
receiving triple therapy.

Since 2013, the second-generation NS3/4A inhibitor
simeprevir along with peginterferon and ribavirin has
been used in patients with recurrent hepatitis C after
liver transplantation. Simeprevir has two major bene-
fits for use in liver transplant recipients compared with
the first-generation NS3/4A inhibitors telaprevir and
boceprevir. First, no clinically significant interactions
were observed between simeprevir and calcineurin in-
hibitors in transplant recipients.'”"?" Second, there are
fewer adverse events associated with simeprevir-based
triple therapy. In non-transplant settings, the incidence
of severe adverse events and treatment discontinuation
due to adverse events did not increase with simeprevir-
based triple therapy compared to dual therapy with
peginterferon and ribavirin.??>~2> However, telaprevir-
based triple therapy showed more frequent adverse
events, including anemia and skin rush, compared to
dual therapy.’®~?® Therefore, simeprevir-based triple
therapy may be safe and effective therapy for liver
transplant recipients, although the efficacy and safety
of this therapy is largely unknown.

More recently, the high efficacy and safety of interferon-
free therapy for recurrent hepatitis C after liver transplanta-
tion have been reported.””~*? Sofosbuvir-based regimens,
in particular, have shown no clinically significant drug-
drug interactions with immunosuppressive agents, and
they achieve a high SVR rate in transplant recipients.””*?
Therefore, first-line therapy for recurrent hepatitis C after
liver transplantation has been changed to interferon-free
therapy.*® However, several obstacles must be overcome
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to use interferon-free therapy in liver transplant recipients,
including DAA-resistant HCV, the high cost, and treatment
for decompensated cirrhosis. For these reasons, interferon-
containing therapy would be one of the treatment options,
even in this interferon-free therapy era. Interferon-containing
therapy will need to be used for some populations of
patients, for example, those with multiple DAA-resistant
HCV, and patients who cannot afford to use interferon-free
therapy. Therefore, the efficacy and safety of DAA-containing
triple therapy, especially second-generation NS3/4A inhibi-
tors with peginterferon and ribavirin, should be clarified.

We evaluated the efficacy and safety of the second-
generation NS3/4A inhibitor simeprevir-based triple ther-
apy by comparing it with the first-generation NS3/4A
inhibitor telaprevir-based triple therapy in patients with
recurrent hepatitis C after living-donor liver transplanta-
tion (LDLT) in a Japanese multicenter study.

METHODS

Study design and patients

HIS WAS A retrospective cohort study of LDLT recipi-
ents with recurrent hepatitis C and the HCV genotype
1 treated with either simeprevir- or telaprevir-based triple
therapy at eight Japanese liver transplant centers. Data
were collected until July 2015.
The study protocol was approved by the ethics commit-
tee of each liver transplant center, and written informed
consent was obtained from patients for participation.

Treatment protocol

Triple therapy with simeprevir or telaprevir, peginterferon,
and ribavirin was administered for the first 12 weeks,
followed by dual therapy with peginterferon and ribavirin
for at least another 12 weeks. Telaprevir- and simeprevir-
based triple therapies were administered when patients
were diagnosed with recurrent hepatitis C between
November 2011 and November 2013, and between
December 2013 and August 2014, respectively. Telaprevir
was administered at a dose of 1500 mg/day (750 mg twice
daily) or 2250 mg/day (750 mg three times daily).
Simeprevir was administered at a dose of 100 mg once
daily. The standard dose of peginterferon was 180 ug
for peginterferon a-2a or 1.5 ug/kg of peginterferon a-
2b per week. The standard ribavirin dose was determined
based on the patient’s body weight (BW): 600 mg/day
for BW <60 kg, 800 mg/day for BW of 60-80 kg, and
1000 mg/day for BW >80 kg. These doses were reduced
according to renal function, the baseline hemoglobin level,
and anemia during the previous treatment, at the investiga-
tor’s discretion. The management of anemia, including the
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use of erythropoietin and blood transfusion, was not stan-
dardized across centers and was determined at the investi-
gator’s discretion. The selection of immunosuppressive
drugs and conversion from tacrolimus to cyclosporine be-
fore treatment was decided by the investigators at each cen-
ter. The blood concentration of cyclosporine or tacrolimus
was adjusted using therapeutic drug monitoring. The re-
duction and discontinuation of treatment were also left
to the investigator’s discretion.

Study definitions

The HCV genotype was determined using a genotyping
system based on polymerase chain reaction (PCR) of the
core region using genotype-specific primers.** The serum
HCV RNA load was evaluated using a real-time PCR-based
quantification method for HCV (COBAS AmpliPrep/COBAS
TagMan HCV Test; Roche Molecular Systems, Pleasanton,
CA, USA). The host interleukin (IL)-28B genotype for single
nucleotide polymorphism at rs8099917 and inosine

Simeprevir-based triple therapy after LDLT 3

triphosphatase genotype for single nucleotide polymorphism
at 1s1127354 were analyzed with the InvaderPlus assay,
which combines PCR and the invader reaction using
methods previously reported.*

The rapid virological response (RVR), complete early
virological response (cEVR), and end-of-treatment response
(ETR) were defined as HCV RNA undetectable at 4 weeks,
12 weeks, and end of treatment, respectively. The absence
of HCV RNA in the serum for >12 weeks after completing
treatment was defined as SVR12. Breakthrough and relapse
were defined as the reappearance of HCV RNA in the serum
after being undetectable during treatment and after
discontinuing therapy, respectively.

Safety assessments

Patients were hospitalized before the initiation of treat-
ment and received strict clinical monitoring until they were
stabilized. Clinical and biological data were collected dur-
ing treatment. All adverse events were recorded during the

Table 1 Characteristics of patients treated with protease inhibitor with peginterferon and ribavirin after living-donor liver

transplantation (LDLT)

Simeprevir n=79 Telaprevir n =36 P-value
Age, years 62 (42-73) 60 (42-70) 0.0491
Males / females 35/44 24/12 0.026%
Weight, kg 56.5 (35.4-84.9) 62.0 (36.0-120.2) 0.0521
Body mass index 21.8(13.8-33.1) 22.0(16.2-41.4) 0.8161
Graft type left / right / dual 40/39/0 15/20/1 0.443%
Splenectomy 66 33 0.243%
Months from LDLT to therapy 29 (2-147) 26 (2-92) 0.5241
Recipient IL.28B genotype (rs8099917)

TT /TG / GG / not examined 48/19/3/9 23/13/0/0 0.079%
Donor I1.28B genotype (1s8099917)

TT / TG / GG / not examined 28/8/1/42 22/6/0/8 0.015%
Recipient ITPA genotype (rs1127354)

CC/ CA/ AA/ not examined 38/1/1/39 20/3/0/13 0.155%
HCV RNA, log copies/mL 6.8 (4.9-7.8) 6.45 (2.7-7.8) 0.0041
HCV genotype 1a /1b / unspecified 2/71/6 1/35/0 0.236%
Hemoglobin, g/dL 11.6 (8.1-16.0) 12.35 (6.8-16.0) 03721
eGFR, ml/min/1.73 m’ 61.0 (29.9-138.8) 64.5 (32.1-114.0) 0.171t
Calcineurin inhibitor tacrolimus / cyclosporine / none 48/28/3 5/31/0 <0.001%
MMF 36 19 0.473%
Peginterferon a-2a/a-2b 20/59 0/36 0.001%
Prior dual therapy post-transplant
NR / relapse / withdrawal / none / uncertain 41/19/3/16/0 19/6/3/7/1 0.658%

Qualitative variables are shown in number; quantitative variables are expressed as median (range) for non-normally distributed variables.

tWilcoxon test.
$17-test.

eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; 11.28B, interleukin-28B; ITPA, inosine triphosphatase; MMF, mycophenolate

mofetil; NR, no response.

© 2016 The Japan Society of Hepatology
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treatment period and until 12 weeks after the last dose was
given. Blood transfusion, the use of growth factors, and re-
ductions and discontinuations of simeprevir, telaprevir,
peginterferon, and ribavirin were also recorded.

Statistical analysis

The characteristics of patients, adverse events, and virolog-
ical response to treatment were described and compared
between simeprevir-based triple therapy and telaprevir-
based triple therapy (Tables 1, 2; Figs. 1, 2). Predictive
factors associated with SVR were described and compared
between the SVR and non-SVR groups (Table 3, Fig. 3).
For continuous variables that were nearly symmetrically
distributed, means and standard deviations are given, and
these data were analyzed by the t-test. For non-normally
distributed variables, medians and ranges are presented,
and the data were analyzed by Wilcoxon tests. For categor-
ical variables, counts are given, and the data were analyzed
by the y’-test. P < 0.05 was considered significant.

RESULTS

Patients’ characteristics

ETWEEN SEPTEMBER 2012 and July 2015, 115 pa-
tients with recurrent hepatitis C with the HCV geno-
type 1 after LDLT completed treatment with NS3/4A

Hepatology Research 2016

inhibitor-based triple therapy and were followed for at
least 12 weeks at eight transplant centers in Japan after
treatment was terminated. In the 115 patients, simeprevir
was used in 79 (69%, simeprevir group) and telaprevir
was used in 36 (31%, telaprevir group) (Fig. 1).

A comparison of the patients’ baseline characteristics in
the simeprevir group and telaprevir group is presented in
Table 1. Six characteristics were significantly different
between the two groups, including age, sex, the donor
1L28B genotype, the HCV RNA load, type of calcineurin
inhibitors, and type of peginterferon. Patients in the
telaprevir group were significantly younger than those in
the simeprevir group. More women were treated with
simeprevir. The donor IL28B genotype was not exam-
ined in 42 patients (53%) in the simeprevir group com-
pared to 8 patients (22%) in the telaprevir group
because a Japanese phase III trial for patients in non-
transplant settings showed that there are no clinically
relevant differences in the efficacy of simeprevir-based
triple therapy according to the I1L28B genotype.”*?¢
The serum HCV RNA levels before treatment were signif-
icantly lower in the telaprevir group than in the
simeprevir group. Cyclosporine was preferentially used
with telaprevir because the drug-drug interaction of cy-
closporine with telaprevir has been reported to be much
less than that of tacrolimus.'* Peginterferon a-2b was

Table 2 Adverse events during triple therapy after living-donor liver transplantation

Adverse events Simeprevir (n=79) n (%) Telaprevir (n=36) n (%) P-value
Any adverse event 49 (62) 26(72) 0.287
Any adverse event leading to discontinuation of treatment 10 (13) 7 (19) 0.342
Serious adverse event 9(11) 9 (25) 0.063
Death 2(3) 1(3) 0.939
Anemia
Lowest hemoglobin <10 g/dL 61(77) 31(86) 0.269
Lowest hemoglobin <8 g/dL 35 (44) 17 (47) 0.771
Lowest hemoglobin <6 g/dL 4(5) 5(14) 0.102
Received blood cell transfusion 14 (18) 16 (44) 0.002
Use of erythropoietin 4(5) 6(17) 0.041
Renal insufficiency
eGFR >30 decrease from baseline 8(10) 14 (39) <0.001
Symptomatic skin rash 5(6) 2(6) 0.872
Immune-mediated graft dysfunction 6(8) 4(11) 0.535
Acute cellular rejection 3 0
Chronic rejection 1 0
Plasma cell hepatitis 0 4
Veno-occlusive disease 2 0
Infection 1(1) 3(8) 0.055

eGFR, estimated glomerular filtration rate; n, number of patients.

©2016 The Japan Society of Hepatology

581



Hepatology Research 2016

Simeprevir-based triple therapy after LDLT 5

Table 3 Predictive factors associated with sustained virological response 12 weeks after treatment ended (SVR12) in patients with

simeprevir triple therapy

SVR n=44 Non-SVR n =35 P-value
Age, years 62.9 (5.2) 59.7 (8.4) 0.0521
Gender Male 15 (43%) 20 (57%) 0.040%
Female 29 (66%) 15 (34%)
Weight, kg 56.2 (10.5) 58.8 (11.1) 0.2801
Body mass index 227 (4.0) 225 (3.9) 0.860t
Graft type Left 25 (62.5%) 15 (37.5%) 0.218%
Right 19 (49%) 20 (51%)
Splenectomy Yes 36 (55%) 30 (45%) 0.643%
No 8 (62%) 5 (38%)
Months from LDLT to therapy 28 (2-118) 41 (5-147) 0.194§
Recipient IL28B genotype T 30 (62.5%) 18 (37.5%) 0.181%
(rs8099917) TG or GG 10 (45%) 12 (55%)
Not examined 4 5
HCV RNA, log copies/mL 6.7 (0.6) 6.9 (0.5) 0.0871
Hemoglobin, g/dL 11.25 (8.1-15.8) 12.5 (8.5-16.0) 0.636§
eGFR, mL/min/1.73 m’ 57.5 (32.9-138.8) 62.8 (29.9-101.0) 0.459§
Calcineurin inhibitor Tacrolimus 25 (52%) 23 (48%) 0.179%
Cyclosporine 19 (68%) 9 (32%)
None 0 3
MMF Yes 19 (53%) 17 (47%) 0.633%
No 25 (58%) 18 (42%)
Prior dual therapy Yes 29 (46%) 34 (54%) 0.001%
No 15 (94%) 1 (6%)
Prior dual therapy No response 14 (34%) 27 (66%) <0.001%
Relapse or withdrawal or none 30 (79%) 8 (21%)
Peginterferon 0-2a 12 (60%) 8 (40%) 0.654%
a-2b 32 (54%) 27 (46%)

Qualitative variables are shown in number (%); quantitative variables are expressed as mean (standard deviation) for continuous variables that
were nearly symmetrically distributed, or as median (range) for non-normally distributed variables.

te-test.
$1-test.
§Wilcoxon test.

eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; 1L28B, interleukin-28B; LDLT, living donor liver transplantation; MMF, my-

cophenolate mofetil.

given to all patients treated with telaprevir, whereas 20 patients
(25%) in the simeprevir group received peginterferon a-2a.

Efficacy

Of the 79 patients treated with simeprevir-based triple
therapy, 58 completed the treatment protocol, whereas
21 discontinued treatment due to adverse events (n=10),
no virological response (n=7), or viral breakthrough dur-
ing treatment (n=4) (Fig. 1). Forty-four (56%) of 79 pa-
tients achieved SVR12. Of the 36 patients who received
telaprevir-based triple therapy, 28 completed the treat-
ment protocol, whereas 8 discontinued treatment because
of adverse events (n="7) or no virological response to the

treatment (n=1). SVR12 was achieved in 25 patients
(69%) who received telaprevir-based triple therapy.
Figure 2 shows the virological outcomes of simeprevir-
based triple therapy and telaprevir-based triple therapy.
The serum level of HCV RNA became undetectable within
4 weeks (i.e, RVR) in 48% and 53% of patients in the
simeprevir and telaprevir groups, respectively, and >80%
of the patients achieved cEVR in both groups. End-of-
treatment response was achieved in 78% and 83% of the
patients in the simeprevir and telaprevir groups, respec-
tively. Finally, the SVR12 rates were 56% and 69% for
simeprevir-based triple therapy and telaprevir-based triple
therapy, respectively. Simeprevir-based triple therapy
tended to have lower rates of RVR, cEVR, ETR, and SVR12

© 2016 The Japan Society of Hepatology
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Protease-inhibitor triple therapy after LDLT
n=115
|
| |
Simeprevir Telaprevir
n=79 n =236

! !

Discontinued Discontinued
n=21 n=8
Adverse event n =10 Adverse event n=7
Noresponse n=7 Noresponse n=1
Breakthrough n=4 Breakthrough n=0

! !

Completed treatment Completed treatment

n=>58 n=28
SVR12 SVR12

n=44/79 (56%) n=25/36 (69%)

Figure 1 Flow diagram showing the outcomes of 115 patients
treated with simeprevir or telaprevir with peginterferon and riba-
virin after living-donor liver transplantation (LDLT). The numbers
of patients who discontinued the treatment protocol (and their
reasons for discontinuation), completed the treatment protocol,
and achieved sustained virological response at week 12 (SVR12)
after the termination of treatment are shown.

than telaprevir-based triple therapy, but the differences
were not statistically significant.

Safety and tolerability

Adverse events that occurred during the triple therapies are
summarized in Table 2. Adverse events occurred in 62%
and 72% of patients, including serious adverse events in
11% and 25%, and death in 3% and 3% in the simeprevir-
and telaprevir-based triple therapy groups, respectively.
Treatment was discontinued due to adverse events in 13%
and 19% of patients in the simeprevir and telaprevir groups,
respectively. Dose modification of the DAAs, peginterferon,
or ribavirin was required in 78 of 79 patients (99%) in the
simeprevir group and in all patients (100%) in the telaprevir
group. All patients, except for 10 patients (13%) who
discontinued the treatment protocol, started receiving
simeprevir triple therapy at the standard dose (100 mg/
day) and continued the same dose until 12 weeks. Telaprevir
was started at a reduced dose (1500 mg/day) in 34 (94%) of
36 patients and was discontinued in 8 patients (22%) until

© 2016 The Japan Society of Hepatology
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1004 48% 84% 78% 56%
38/79 66/79 __ 62/79 4479
801
60 1
40+
201
0- .
RVR cEVR ETR SVR12

Figure 2 Virological responses in 115 patients treated with
simeprevir- or telaprevir-based triple therapy (black and white
bars, respectively) after living-donor liver transplantation. Rapid
virological response (RVR), complete early virological response
(cEVR), and end-of-treatment response (ETR) are defined as unde-
tectable hepatitis C virus RNA in serum at 4 weeks, 12 weeks, and
end of treatment, respectively. Sustained virological response at
12 weeks (SVR12) is defined as the absence of hepatitis C virus
RNA in the serum for >12 weeks after the termination of
treatment.

12 weeks of treatment. The reduced dose of peginterferon
at treatment initiation was used in 6 (8%) and 4 (11%)
patients, and a reduction from the initial dose during the
treatment was required in 22 (28%) and 13 (36%) patients
in the simeprevir and telaprevir groups, respectively. A
reduced dose of ribavirin compared to the standard dose at
treatment initiation was given in 63 (80%) and 35 (97%)
patients, and a reduction in the ribavirin dose from the ini-
tial dose during treatment was required in 59 (75%) and
30 (83%) patients, including discontinuation in 31 (39%)
and 13 (36%) patients, in the simeprevir and telaprevir
groups, respectively.

There was no statistically significant difference in the rate
of adverse events between the simeprevir and telaprevir
groups, although serious adverse events tended to be more
frequent in the telaprevir group than in the simeprevir
group. The rate of patients who received blood cell transfu-
sion and erythropoietin due to anemia were significantly
higher in the telaprevir group than in the simeprevir group.
Renal insufficiency, defined when the estimated glomeru-
lar filtration rate decreased >30 mL/min/1.73 m” from
the baseline estimated glomerular filtration rate, was
significantly less common in the simeprevir group than
in the telaprevir group. Immune-mediated graft dysfunc-
tion occurred in 6 patients during simeprevir-based triple
therapy, including 3 with acute cellular rejection, 2 with
veno-occlusive disease, and 1 with chronic rejection. In

583



Hepatology Research 2016

the telaprevir group, IGD occurred in 4 patients, and all
had plasma cell hepatitis. Infection was observed in 3
patients in the simeprevir group (2 with a cytomegalovirus
infection and 1 with pneumonia), whereas 1 patient had
cholangitis in the telaprevir group. In the simeprevir
group, 2 patients died of graft failure caused by chronic
rejection 5 weeks after the termination of 31 weeks of treat-
ment, and graft failure by infection at 2 weeks of treatment.
One patient died of brain hemorrhage at 25 weeks of
telaprevir-based triple therapy.

Factors predictive of SVR12 with
simeprevir-based triple therapy

Baseline factors that could predict SVR12 with simeprevir-
based triple therapy were analyzed by comparing patients
in the SVR group (n =44) with those in the non-SVR group
(n=35) (Table 3). Three factors, male sex (P=0.040), the
presence of prior dual therapy with peginterferon and riba-
virin (P=0.001), and non-responders to the prior dual
therapy (P < 0.001), were identified as significant predic-
tive factors for non-SVR. Associations of prior dual therapy
with the efficacy of simeprevir- and telaprevir-based triple
therapy are shown in Figure 3. In patients who received
simeprevir-based triple therapy, the SVR12 rates were
94% in treatment-naive patients, and 68%, 67%, and
34% in patients with relapse, withdrawal, and no response
to the prior dual therapy, respectively. Differences between
treatment-naive patients and non-responders of prior dual
therapy (P< 0.001), and between relapsers and non-
responders (P=0.013) were statistically significant. The
impact of prior dual therapy on the treatment response
of triple therapy was observed in both the telaprevir and
simeprevir groups, although the difference was not signifi-
cant in the telaprevir group.

DISCUSSION

N THE CURRENT study, we showed the efficacy and

safety of second-generation NS3/4A inhibitor simeprevir
with peginterferon and ribavirin in patients with recurrent
hepatitis C after LDLT. The SVR12 rate of simeprevir-
based triple therapy was 56% overall, but it was 94% in
treatment-naive patients, indicating that simeprevir-based
triple therapy is very effective when patients are selected
according to their experience with prior therapy.

The efficacy and safety of first-generation NS3/4A inhibitors
telaprevir and boceprevir in liver transplant recipients have
been reported mainly in patients after deceased-donor liver
transplantation (DDLT).">""® Most studies have shown that
triple therapy with telaprevir or boceprevir with peginterferon
and ribavirin increased the SVR rate, but this resulted in many

Simeprevir-based triple therapy after LDLT 7

Simeprevir Telaprevir
P<0.001
(%) P=0.013
94% =0. "
1007 1srt6 o7 8%
. 5/6
80 68% ] 67%
1319 %% 23 sg9,
N 1119
r 601
5) 34%
40 14/41
20 1
0 N ' N
LSS LSS
RIS &F&S
o O K s O &8
NN NN
S o N
N <

Prior dual therapy

Figure 3 Rate of sustained virological response at 12 weeks
(SVR12) after the termination of treatment with simeprevir- or
telaprevir-based triple therapy following living-donor liver trans-
plantation in treatment-naive patients and relapsers, patients
who withdrew, and non-responders to the prior dual therapy. P-
values are shown if the differences are statistically significant
(P< 0.05).

adverse events. In the present study, the SVR rate of telaprevir-
based triple therapy was 69% in patients after LDLT, which is
similar to the reported SVR rate of 50-63% in patients after
DDLT.'>"'® Severe adverse events, including anemia and renal
insufficiency, which have been reported in a previous study on
patients after DDLT, also occurred in the present study. These
results indicate that the efficacy and safety of telaprevir-based
triple therapy in patients after LDLT are similar to those in
patients after DDLT.

Compared to telaprevir-based triple therapy, simeprevir-
based triple therapy can be more easily administered to
transplant recipients because no clinically significant inter-
actions between simeprevir and calcineurin inhibitors
have been observed.””?" Although the overall incidence
of adverse events was not significantly different between
telaprevir and simeprevir, simeprevir tended to be associated
with fewer serious adverse events than telaprevir. Blood cell
transfusion and erythropoietin were less frequently used in
the simeprevir group than in the telaprevir group, suggesting
that less intensive management for anemia was needed

© 2016 The Japan Society of Hepatology
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during simeprevir-based therapy. Moreover, the rate of renal
insufficiency was significantly less in the simeprevir group
than in the telaprevir group. Furthermore, IGD, including
acute cellular rejection, chronic rejection, and plasma cell
hepatitis, is one of the major adverse events of interferon-
containing therapy in patients after liver transplantation.'®
In this study, there was no difference in the incidence of
IGD between the simeprevir and telaprevir groups. Therefore,
in terms of safety, simeprevir-based triple therapy is superior
to telaprevir-based triple therapy.

The efficacy of simeprevir-based triple therapy was not
satisfactory; the SVR rate was 56%. The virological re-
sponses, including the RVR, cEVR, ETR, and SVR12, of
simeprevir-based triple therapy tended to be lower than
those of telaprevir-based triple therapy. To achieve a higher
efficacy of simeprevir-based triple therapy in liver transplant
recipients, it is necessary to select patients before treatment.
An analysis of the predictive factors associated with SVR
showed that the presence and efficacy of prior dual therapy
are important for predicting the efficacy of simeprevir-based
triple therapy. Notably, 94% of treatment-naive patients
achieved SVR12 with simeprevir-based triple therapy,
whereas the SVR12 rate in non-responders to prior dual
therapy was only 34%. Similar results have been shown in
Japanese phase III trials on patients in non-transplant set-
tings; the SVR12 rates of simeprevir-based triple therapy
were 88.6%, 95.9%, and 52.8% in treatment-naive patients,
relapsers, and non-responders to prior interferon-based
therapy, respectively.”>>¢ As the efficacy of dual therapy
is determined by multiple factors, including host 1L28B
genotypes and HCV genomic mutations, these factors
may also affect the efficacy of simeprevir-based triple
therapy, resulting in the low efficacy of simeprevir-based
triple therapy in non-responders to dual therapy. In our
study, female patients had a significantly higher SVR12
rate with simeprevir-based triple therapy compared to
male patients, although the reason for this difference is
unknown. These predictive factors may help in selecting
patients before administering simeprevir-based triple ther-
apy, and the efficacy may be higher by selecting patients ac-
cording to the status of prior dual therapy and sex.

Recent reports have indicated a higher efficacy and safety
of interferon-free therapy in liver transplant recipients
compared to second-generation NS3/4A inhibitor-based
triple therapy clarified in the present study.””~*? Therefore,
interferon-free therapy should be used as first-line therapy
for recurrent hepatitis C after liver transplantation, accord-
ing to the recent recommendation for hepatitis C treat-
ment.>* The SVR rate of interferon-free therapy in liver
transplant recipients is reportedly 70-97%,?°~*? and
resistance-associated variants to DAAs were detected in
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most of the remaining non-SVR patients.””' Second-line
therapy with interferon-free therapy for non-SVR patients
has not yet been established. As interferon’s broad antivi-
ral activity will help clear DAA-resistant HCV, interferon-
containing therapy would be one of the choices as
second-line therapy for hepatitis C after liver transplanta-
tion. Therefore, the efficacy and safety of simeprevir-based
therapy clarified in the present study will provide useful
information even in the interferon-free therapy era.

In conclusion, simeprevir-based triple therapy for recur-
rent hepatitis C after LDLT resulted in an SVR rate of 56%
and good tolerability. Although this therapy is not recom-
mended for non-responders to prior dual therapy because
of low efficacy, simeprevir-based triple therapy may be one
of the options for treatment-naive patients. An individual-
ized treatment strategy that predicts the efficacy and safety
of treatment will result in more effective and safer treat-
ment for liver transplant recipients in the DAA era.
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