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Aim: The present study aimed to determine the real-world
efficacy and safety of the non-structural protein (NS)5A inhibitor
elbasvir (EBR) combined with the NS3/4A protease inhibitor
grazoprevir (GZR) in patients with hepatitis C virus (HCV) geno-
type 1 (GT1) infection.

Methods: This study retrospectively evaluated the rate of
sustained virologic response at 12 weeks post-treatment
(SVR12) and the safety of EBR/GZR treatment in 159 men and

194 women with a median age of 72 years, and it assessed fac-
tors associated with the SVR12 rate. The attending physicians
were responsible for selecting candidate patients for EBR/GZR
in this retrospective study.

Results: Treatment outcomes for EBR/GZR were good in
direct-acting antiviral (DAA)-naïve patients, of whom 99.4%
achieved SVR. Of 353 patients, 10 (2.9%) had treatment failure.
Of these patients, eight previously underwent DAA therapy,
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and the remaining two had NS5A-L31/Y93 double mutation.
The SVR rate was 50% (8/16 patients) in patients who previ-
ously underwent DAA therapy, and 18.2% (2/11 patients) in pa-
tients with NS5A-L31/Y93 double mutation. On multivariate
logistic regression analysis, NS5A-Y31/Y93 double mutation
(odds ratio 356.3; 95% confidence interval, 23.91–16940;
P< 0.0001) was identified as an independent predictor of
treatment failure. No serious adverse events were observed
with EBR/GZR therapy.

Conclusions: The SVR rate of EBR/GZR would have been 100%
in patients without either a history of DAA therapy or doublemu-
tation. This combination of drugs could be safely given and is,
thus, considered a highly useful first-line treatment for DAA-
naïve patients with HCV.
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INTRODUCTION

BECAUSE PATIENTS WITH chronic hepatitis C virus
(HCV) infection have high risks for developing cirrho-

sis, liver failure, and hepatocellular carcinoma (HCC),
early eradication of HCV has been considered desir-
able.1–7 Since 2014, treatment with direct-acting antivirals
(DAAs) alone has become the standard in Japan, achieving
safe and satisfactory outcomes.
Patients withHCV genotype (GT) 1b, themost common

type in Japan, were originally treatedwith the combination
of the non-structural protein (NS)5A inhibitor daclatasvir
(DCV) and the NS3/4A protease inhibitor asunaprevir
(ASV).8–10 However, the major drawback of this treatment
was that the presence of a resistance-associated substitu-
tion (RAS) at the 168th amino acid of NS3 or the 31st
or 93rd amino acid of NS5A markedly decreased the
sustained virologic response (SVR) rate.11–13 Currently,
this combination of drugs is excluded as a treatment
option.
Later in 2015, the combination of the NS5A inhibitor

ledipasvir (LDV) and the NS5B inhibitor sofosbuvir
(SOF) was approved in Japan.14,15 A multicenter study un-
dertaken by the Japanese Red Cross Liver Study Group
found the SVR rate of LDV/SOF to be 98.4%.16 In this
study, the SVR rate was 100% in patients with neither cir-
rhosis nor NS5A RAS. In contrast, the ratewas 93.0% in pa-
tients with cirrhosis and NS5A RAS. Although the Japan
Society of Hepatology Guidelines do not require the verifi-
cation of NS5A RAS prior to LDV/SOF,13 caution could be
necessary in patients with cirrhosis who have RAS, because
the SVR is slightly lower in this population.16

Combination therapy with the NS5A inhibitor elbasvir
(EBR) and NS3/4A protease inhibitor grazoprevir (GZR)
for GT1 or GT4 patients was first used in 2016. Unlike
LDV/SOF, EBR/GZR can be given to patients with renal
dysfunction.17 In a Japanese phase III trial, its SVR rate
was 96.5% in chronic hepatitis C patients and 97.1%
in cirrhosis patients.18 Moreover, EBR/GZR could be
safely given to patients with comorbid chronic kidney

disease, as in the reports by Takeuchi et al. and Reddy
et al.19,20

The current study, carried out by the Japanese Red Cross
Liver Study Group, investigated the outcomes and safety of
EBR/GZR treatment, along with its efficacy, in patients
with treatment failure with existing DAAs.

METHODS

Patients

AMULTICENTERCOHORT study at 25 institutions be-
longing to the Japanese Red Cross Liver Study Group

was carried out. The study population consisted of 353 pa-
tients with either GT1 chronic hepatitis C or compensated
cirrhosis who underwent 12 weeks of treatment with EBR
(50 mg/day) and GZR (100 mg/day) (MSD, Tokyo,
Japan) between November 2016 and March 2018.
Sustained virologic response was defined as undetectable
serum HCV-RNA 12 weeks after the end of treatment.
The attending physicians diagnosed cirrhosis clinically,
relying primarily on imaging findings (i.e. presence of
collateral circulation, esophageal or gastric varices, and
splenomegaly). Patients with decompensated cirrhosis
with Child–Pugh grade B or C were excluded.
This study was approved by the ethics committees of the

participating institutions and was carried out in accor-
dance with the ethical guidelines specified in the Declara-
tion of Helsinki.

Detection of drug-resistant substitutions
Amino acid sequences of NS5A-L31 and NS5A-Y93 were
determined using the Invader assay (BML Laboratory,
Tokyo, Japan),21 direct sequencing (SRL Laboratory, To-
kyo, Japan or LSI Laboratory, Tokyo, Japan),22 or the
Cycleave polymerase chain reaction (SRL Laboratory).23

Resistance-associated substitution was considered pres-
ent when it exceeded 10%.
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Safety
Adverse events were evaluated in accordance with Com-
mon Terminology Criteria for Adverse Events version
4.0, Japan Clinical Oncology Group (National Cancer
Institute, Bethesda, MD, USA). The patients were seen
approximately every 2 weeks while on the study treat-
ment and approximately every 4–8 weeks thereafter for
the evaluation of efficacy and adverse events. Laboratory
values, including a complete blood count, alanine ami-
notransferase, aspartate aminotransferase, total bilirubin,
and creatinine were determined before treatment and ev-
ery 2 weeks after the start of treatment. Serum HCV-RNA
levels were determined every 4 weeks during treatment
and 4 and 12 weeks after the end of treatment. At patient
visits, the attending physicians evaluated the subjective
symptoms, laboratory abnormalities, and other adverse
events that had occurred after the start of treatment.

Definition of renal dysfunction
Renal function was assessed using the estimated glomeru-
lar filtration rate (eGFR)24 based on pretreatment labora-
tory data. Chronic kidney disease (CKD) was classified as
stage G1 or G2 (eGFR >60 mL/min/1.73 m2), stage G3a
or G3b (eGFR=30–59 mL/min/1.73 m2), and stage G4
or G5 (eGFR <30 mL/min/1.73 m2).25

Statistical analysis
Using JMP version 13.1.0 (SAS Institute, Cary, NC, USA)
software for statistical analysis, factors associated with
non-SVR were identified by logistic regression analysis. Re-
sults from the risk analysis are expressed as odds ratios
(OR)with 95% confidence intervals (CI). All analyses were
two-tailed, and P<0.05 was considered significant.

RESULTS

THE 927 GT1 patients receiving antiviral therapy at a
study institution from November 2016 to March

2018 were treated with EBR/GZR (42.0%), DCV/ASV
(0.2%), LDV/SOF (10.9%), ombitasvir/paritaprevir/rito-
navir (7.3%), or glecaprevir/pibrentasvir (GLE/PIB;
39.6%). The attending physicians were responsible for
selecting candidate patients for EBR/GZR in this retrospec-
tive study. In total, 389 patients with chronic GT1 hepatitis
C who underwent 12-week treatment with EBR (50 mg/
day) and GZR (100 mg/day) were assessed. As 36 patients
dropped out or could not be evaluated for SVR at the time
of assessment, 353 patients were included in the assess-
ment. The patients’ characteristics are shown in Table 1.
The patients’ median age was 72 years, and 40.8% (144/
353) of the patients were aged 75 years or older. The study

patients included 159 men and 194 women. The propor-
tion of patients with a history of interferon (IFN) therapy
was 19.1% (67/351 patients), and the proportion of pa-
tients with a history of DAA therapy was 4.7% (16/342 pa-
tients). Cirrhosis was identified in 20.5% (68/331
patients), and there was a history of HCC treatment in
10.5% (37 patients). There were 92 patients (26.1%) with
CKD stage G3a or G3b and 56 patients (15.9%) with CKD
G4orG5, and 28 of these patients (7.9%)were on dialysis.
Data on NS5A RAS could be analyzed in 297 patients, in
which 6.0% (18 patients) had NS5A-L31 RAS, and
15.7% (47 patients) possessed NS5A-Y93 RAS. The overall
SVR12 rate was 97.2% (343/353 patients). Age, sex, pres-
ence of cirrhosis, treatment history of HCC, and presence
of renal disorder (eGFR<30 mL/min/1.73 m2) were not
significantly associated with SVR. However, a history of
IFN therapy was a significant univariate predictor of non-
SVR (Fig. 1). Amere 2.9% (10/353 patients) had treatment
failure: eight of these patients had a history of DAA ther-
apy, whereas the other two without a history of DAA ther-
apy had NS5A-L31/-Y93 double mutation (Table 2). The
SVR rate was low, at 50% (8/16 patients), in patients with

Table 1 Baseline characteristics of patients with hepatitis C virus
(HCV) genotype 1 treated with elbasvir/grazoprevir

Characteristic n= 353

Age, years 72 (38–90)
>75 144 (40.8)

Male : female, n 159:194
History of IFN therapy, no/yes (yes %) 284/67 (19.1)
History of DAA therapy, no/yes (yes %) 326/16 (4.7)
History of HCC, no/yes (yes %) 316/37 (10.5)
Cirrhosis, no/yes (yes %) 263/68 (20.5)
NS5A-L31, wild-type/mutant (mutant %) 279/18 (6.1)
NS5A-Y93, wild-type/mutant (mutant %) 249/48 (16.2)
Platelet count, ×103/μL 125 (34–684)
AST, IU/L 53 (8–484)
ALT, IU/L 36 (7–470)
eGFR, mL/min/1.73 m2 62.5 (3.6–112.9)
G3a or G3b 92 (26.1)
G4 or G5 56 (15.9)

M2BPGi, COI 1.93 (0.25–14.2)
FIB-4 index 2.97 (0.36–17.2)
α-Fetoprotein, ng/mL 4 (1–296)
HCVRNA, log IU/mL 6.1 (2.0–7.4)

Data are shown as n (%) or median (range), unless otherwise
indicated.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; COI,
cut-off index; DAA, direct-acting antiviral; eGFR, estimated glomerular
filtration rate; FIB-4, Fibrosis-4; HCC, hepatocellular carcinoma; IFN,
interferon; M2BPGi, Mac-2 binding protein glycosylation isomer;
NS5A, non-structural protein 5A.
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a history of DAA therapy, and it was extremely poor, at
18.2% (2/11 patients), in patients with NS5A-L31/-Y93
double mutation (Fig. 2). In contrast, SVR was achieved
in six of seven patients who did not have double muta-
tions at NS5A-L31/-Y93, despite a history of DAA therapy.
The SVR rate of EBR/GZR would have been 100% in pa-
tients without either a history of DAA therapy or double
mutation. Univariate logistic regression analysis showed
that a history of IFN therapy (P=0.0044), history of DAA
therapy (P<0.0001), and presence of NS5A-L31/-Y93
double mutation (P<0.0001) were significant factors

associated with non-SVR. Multivariate logistic regression
analysis identified NS5A-Y31/-Y93 double mutation as
an independent predictor of treatment failure (OR 356.3;
95% CI, 23.91–16940; P<0.0001) (Table 3).
No serious adverse events were observed with EBR/GZR

therapy (Table 4). Nine patients were discontinued from
treatment. Seven were discontinued for liver damage, one
patient was discontinued for virologic breakthrough after
being HCV-RNA-negative, and one was discontinued at
the patient’s request. Eight of the nine patients, or all but
the patient with virologic breakthrough, achieved SVR.

Figure 1 Sustained virologic response rate at 12 weeks after end
of treatment (SVR12) with elbasvir/grazoprevir among 353 pa-
tients with hepatitis C virus (HCV) genotype 1, grouped by pa-
tient characteristics. Although age, sex, presence of cirrhosis,
history of hepatocellular carcinoma (HCC), and renal disorder
(estimated glomerular filtration rate [eGFR] <30 mL/min/
1.73m2) are not significantly associated with SVR, a history of in-
terferon (IFN) therapy significantly decreases the SVR rate.

Table 2 Patients with hepatitis C virus genotype 1 treated with elbasvir/grazoprevir who failed to achieve sustained virologic response
(SVR)

No.
Age,
years Sex

History of
IFN therapy

History of
DAA therapy NS5A-L31 NS5A-Y93 Cirrhosis

History
of HCC

Details of
SVR failure

1 74 M Yes DCV/ASV Mutant Mutant No No Relapse
2 75 M Yes SMV/DCV/ASV Mutant Mutant No No Non-response
3 75 F Yes VAN Mutant Mutant No No Relapse
4 76 F No DCV/ASV Mutant Mutant No No Relapse
5 76 M Yes DCV/ASV Mutant Mutant No Yes Relapse
6 79 F No DCV/ASV Mutant Mutant No No Relapse
7 80 M No DCV/ASV Wild Wild No Yes Non-response
8 81 M Yes DCV/ASV Mutant Mutant No No Breakthrough
9 73 M No No Mutant Mutant Yes Yes Relapse
10 74 F Yes No Mutant Mutant No No Relapse

ASV, asunaprevir; DAA, direct-acting antiviral; DCV, daclatasvir; F, female; HCC, hepatocellular carcinoma; IFN, interferon; M,male; NS5A, non-
structural protein 5A; SMV, simeprevir; VAN, vaniprevir.

Figure 2 Sustained virologic response rate at 12 weeks after end
of treatment (SVR12) with elbasvir/grazoprevir decreased mark-
edly among 353 patients with hepatitis C virus (HCV) genotype
1when therewas a history of direct-acting antiviral (DAA) therapy
or a non-structural protein (NS)5A double mutation.
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With the discontinuation of treatment, the liver disorders
improved quickly.

DISCUSSION

THERAPYWITHEBR/GZR achieved a high SVR rate and
high tolerability in the present study based on actual

clinical practice, similar to a Japanese phase III trial. As in
the report by Toyoda et al.,26 the SVR rate was consistent re-
gardless of various factors such as age, sex, eGFR, andHCC
treatment history. Patients with chronic renal disorders,
including those on dialysis, also showed a comparable

SVR rate. On univariate analysis, the SVR rate was signif-
icantly lower in patients with a history of IFN therapy, a
history of DAA therapy, and in those with NS5A-Y31/-Y93
double mutation. On multivariate analysis, NS5A-Y31/-
Y93 double mutation was identified as an independent
factor affecting SVR. The presence of cirrhosis and a history
of HCC have been shown to be factors associated with
non-SVR with other DAA treatments;16 however, these
were not significant factors associated with SVR with
EBR/GZR therapy.
Only 2.9% (10/353) of patients in the current study

showed treatment failure, and these patients had a history
of DAA therapy or a double mutation at NS5A-L31/-Y93.
Investigations have found that few patients who fail to re-
spond to DAA treatment respond to EBR/GZR ther-
apy.19,26 However, SVR was achieved in six of seven
patients who had a history of DAA therapy but no double
mutation at NS5A-L31/-Y93 in the present study. A case
report noted that a patient who failed LDV/SOF
responded to EBR/GZR, but this patient had no NS5A
double mutation.27 Patients who fail DAA therapy often
achieve a favorable outcome when subsequently treated
with GLE/PIB or velpatasvir/SOF plus ribavarin.28,29

However, when poor renal function or anemia prevents

Table 3 Factors associated with non-sustained virologic response in patients with hepatitis C virus (HCV) genotype 1 after completing
antiviral therapy with elbasvir/grazoprevir

Factor

Univariate analysis Multivariate analysis

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Age 1.069 (0.999–1.162) 0.0538 — —

Sex, male 1.819 (0.511–7.222) 0.3547 — —

History of IFN therapy, yes 6.619 (1.837–26.54) 0.0044 4.25 (0.308–104.5) 0.2706
History of DAA therapy, yes 162.0 (34.49–1199.2) <0.0001 5.293 (0.161–94.86) 0.3070
History of HCC, yes 3.895 (0.811–14.73) 0.0840 — —

Cirrhosis, yes 0.384 (0.021–2.090) 0.3085 — —

NS5A-L31, mutant† 0.000 (0.000–9.593) 0.4845 — —

NS5A-Y93, mutant‡ 0.000 (0.000–0.000) 0.1041 — —

NS5A-L31/-Y93 double mutation, yes 1278 (153.9–31220) <0.0001 356.3 (23.91–16940) <.0001
Platelet count 0.954 (0.848–1.048) 0.3689 — —

AST 1.001 (0.978–1.011) 0.9226 — —

ALT 1.001 (0.981–1.011) 0.8975 — —

eGFR 1.013 (0.988–1.043) 0.3371 — —

M2BPGi 0.983 (0.687–1.246) 0.9054 — —

FIB-4 index 1.047 (0.817–1.257) 0.6777 — —

α-Fetoprotein 1.001 (0.957–1.015) 0.9029 — —

HCV-RNA 1.691 (0.735–5.011) 0.2460 — —

†Mutation of L31 alone (double mutation with Y93 is excluded).
‡Mutation of Y93 alone (double mutation with L31 is excluded).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; DAA, direct-acting antiviral; eGFR, estimated glomerular filtration rate; FIB-4, Fi-
brosis-4;HCC, hepatocellular carcinoma; IFN, interferon;M2BPGi,Mac-2 binding protein glycosylation isomer; NS5A, non-structural protein 5A;
—, not included

Table 4 Adverse events in patients with hepatitis C virus
genotype 1 treated with elbasvir/grazoprevir

Adverse event n =353 (%)

Elevated aminotransferase levels 10 (2.8)
Fatigue 5 (1.4)
Headache 2 (0.6)
Dizzy 1 (0.3)
Constipation 1 (0.3)
Pharyngitis 1 (0.3)
Stomatitis 1 (0.3)
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the use of velpatasvir/SOF plus ribavirin, and GLE/PIB
cannot be continued because of rash or another adverse
drug reaction, EBR/GZR could be an option, provided
the patient lacks an NS5A-L31/-Y93 double mutation,
although further investigation is required. Two of the
treatment failure cases were patients with NS5A double
mutation, but without a history of DAA therapy. This indi-
cates the necessity to check, if feasible, for NS5A RAS be-
fore EBR/GZR therapy, even in patients without a history
of DAA therapy. Furthermore, it is known that SVR cannot
be attainedwith patients who had a deletion of amino acid
residue 32 of the HCV-NS5A region (NS5A-P32 deletion),
even when NS3-D168 and HCV-NS5A L31 and Y93 are
wild-type, indicating that this mutation should be deter-
mined prior to DAA treatment.30 Although no serious
adverse events of EBR/GZR therapy were observed, nine
patients discontinued the therapy due to complications
such as liver disorders. Nonetheless, SVR was attained
in all patients who discontinued the treatment.
There are several limitations to this study. First, due to

the retrospective design of this study, the candidates for
EBR/GZR were selected at the discretion of their attending
physicians in all cases. Furthermore, because the percent-
age of those who did not achieve SVR was extremely low,
the factors associated with treatment failure could not be
fully assessed. Resistance-associated substitutions were an-
alyzed only at NS5A-L31 and -Y93. Analysis of other RAS,
such as NS3-D168 and NS5A-P32 deletion, was inade-
quate and could not be undertaken in the present study.
In conclusion, although treatment selection was limited

in this retrospective study, EBR/GZR treatment outcomes
were good in DAA-naïve patients, achieving SVR in
99.4%; however, the response was poor, with SVR of
50%, in patients who had previously been treated with
DAAs. Moreover, the response was also extremely poor in
patients with NS5A-L31/-Y93 double mutation, with an
SVR rate of 18.2%. Treatment with EBR/GZR would have
resulted in an SVR rate of 100% in patients with neither
a history of DAA therapy nor a double RAS mutation. This
combination of drugs could be given safely to patients and
was therefore considered to be extremely useful as first-line
therapy for DAA-naïve patients. Although DAA failure oc-
curs in only a few patients, because the appearance of
RAS greatly affects subsequent treatments, DAA regimens
must be selected with care in DAA-naïve patients.
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