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Abstract

Background and aims: To assess the efficacy and safety of treatment with

glecaprevir/pibrentasvir in Japanese patients with genotype (GT) 1/2 hepatitis C

virus (HCV) infection in a real-world clinical setting.

Methods: A total of 230 patients from 12 centers in northern Tohoku Japan with

chronic hepatitis (CH) or compensated liver cirrhosis (LC) and GT1/2 HCV infection

were treated with glecaprevir/pibrentasvir and followed up for 12 weeks after treat-

ment completion. Those patients were evaluated by dividing them into the following

three groups: CH GT1/2 HCV-infected, direct-acting antiviral agents (DAA)-naive

patients received 8 weeks of treatment (8-week initial treatment group), compensated

LC GT1/2 HCV-infected, DAA-naive patients received 12 weeks of treatment (12-week

initial treatment group), and GT1/2 HCV-infected patients with previous failed DAA

treatment were assigned to 12-week treatment (12-week re-treatment group).

Results: The overall sustained virologic response (SVR) rate in the modified

intention-to-treat population was 99% (222/225). The SVR rate in 8-week initial

treatment group, 12-week initial treatment group, and 12-week re-treatment group

were 99% (118/119), 98% (104/106), and 97% (56/58), respectively. SVR rates

based on chronic kidney disease (CKD) stage were 99% in stage 1/2, 96% in stage

3, and 100% in stage 4/5 patients. SVR rate among the three treatment groups was

not influenced by CKD stage. Furthermore, all 18 patients (six in the 8-week initial

treatment group, 12 in 12-week initial treatment group) who underwent hemodialy-

sis attained SVR. Serious treatment-associated adverse events (grade ≥ 3) occurred

in 12 patients (5.2%). Five patients (2.2%) discontinued treatment because of adverse

events; however, three of these patients achieved SVR.

Conclusion: Primary treatment and re-treatment with glecaprevir/pibrentasvir are effec-

tive and safe for patients without decompensated LC and GT1/2 HCV infection in a

real-world clinical setting. Furthermore, the SVR rate was not influenced by CKD stage.
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1 | INTRODUCTION

Hepatitis C virus (HCV) is a leading cause of hepatic cirrhosis, hepato-

cellular carcinoma, and end-stage liver disease.1,2 Therefore, early

detection and treatment are crucial. Direct-acting antiviral agents

(DAAs) have become the first-line treatment for chronic HCV infec-

tion and are often used in combination with NS3/4A protease inhibi-

tors, NS5A inhibitors, and NS5B polymerase inhibitors. In 2014,

combined use of asunaprevir (ASV) and daclatasvir (DCV) became the

first approved interferon (IFN)-free treatment for genotype (GT) 1

HCV infection in Japan. Thereafter, DAAs for GT1 and GT2 were

launched in succession. Several oral regiments combining DAAs with

different modes of action, such as NS3/4A protease inhibitors plus

NS5A inhibitors and NS5A inhibitors plus NS5B polymerase inhibitors,

are available now.3 All of these treatments show high efficacy and safety,

with >90% patients attaining sustained virologic response (SVR), described

as the absence of HCV at 12 weeks after treatment completion.

A combination of glecaprevir (GLE; NS3/4A protease inhibitor)/

pibrentasvir (PIB; NS5A inhibitor) for chronic hepatitis (CH) and com-

pensated liver cirrhosis (LC) was approved for use in Japan in 2017

and shown to be pangenotypic, as demonstrated by SVR rates in clini-

cal trials.4-6 GLE/PIB is highly effective for patients with NS5A

resistance-associated substitutions (RASs),7 has fewer adverse events

(AEs), such as elevation of alanine aminotransferase (ALT) and/or total

bilirubin levels, and shows minimal drug-drug interactions.8 Further-

more, GLE/PIB undergoes metabolism in the liver and is eliminated

via the bile duct, indicating minimal effect on kidney function.9,10

This study evaluated the efficacy and safety of GLE/PIB treatment

in patients with chronic HCV infection in a real-world setting. We also

aimed to identify laboratory abnormalities during GLE/PIB treatment.

2 | MATERIALS AND METHODS

2.1 | Patients

This prospective cohort study enrolled 230 consecutive patients with

chronic HCV infection who were treated with GLE/PIB for either 8 or

12 weeks between December 2017 and March 2021 at 12 viral treat-

ment centers in northern Tohoku Japan. Enrollment criteria consisted

of age of ≥18 years, serum HCV RNA levels of >1.2 log IU/mL at the

time of screening, and confirmation of chronic GT1/2 HCV infection

before treatment. The presence of LC was determined at screening by

physicians based on one or more of the following: (a) liver biopsy

findings,11 (b) fibrosis-4 (Fib-4) index ≥3.25,12 (c) discriminant

score > 0,13 (d) serum markers of fibrosis (platelet count <10 � 104/

mm3, serum WFA[+]-M2BP levels >3.67),14 (e) transient elastography

(>9.6 kPa),15 and (f) liver imaging examination (ultrasonography,

computed tomography, or magnetic resonance imaging) that revealed

signs of cirrhosis combined with clinical state. Patients with HCV

infection with GT other than 1/2, decompensated liver disease (Child-

Pugh grade B or C), other causes of liver disease, hepatitis B infection,

or human immunodeficiency virus infection were excluded.

The study was carried out in accordance with the Declaration of

Helsinki and approved by the ethics committee of our institution

(approval number H29-170) and the relevant committees at the treat-

ment sites. All patients provided written informed consent before the

start of the study procedures.

2.2 | Treatment protocol and laboratory tests

Patients received an oral dose of 300 mg of GLE and 120 mg of PIB

(Maviret, AbbVie Inc., North Chicago, Illinois) once daily for either 8 or

12 weeks. Noncirrhotic GT1/2 HCV-infected, DAA-naive patients

received 8 weeks of GLE/PIB treatment (8-week initial treatment

group), and compensated cirrhotic GT1/2 HCV-infected, DAA-naive

patients were assigned to 12 weeks of GLE/PIB treatment (12-week

initial treatment group). GT1/2 HCV-infected patients with previous

failed DAA treatment were assigned to 12-week GLE/PIB treatment

(12-week re-treatment group) (Figure 1). The final decision to lower

the dose or discontinue treatment was made by a physician.

Peripheral blood samples were obtained at baseline and at

4 weeks after the first administration of GLE/PIB and then every

4 weeks thereafter for 20 and 24 weeks for the 8-week and 12-week

treatment groups, respectively. Serum HCV RNA levels were mea-

sured using a COBA TaqMan HCV quantitation assay (Roche Diagnos-

tics, Tokyo, Japan), with a detection range of 15 to 6.9 � 107 IU/mL

(1.2-7.8 log IU/mL), and undetectable HCV RNA was defined as nega-

tive. HCV GT was determined by polymerase chain reaction (PCR) as

previously defined by Okamoto et al.16

NS5A amino acids at positions 31 and 93 were measured by

direct sequencing, and NS5A Y93 mutations were measured using

Cycleave PCR (SRL Laboratory, Tokyo, Japan)17 or the PCR-Invader

method (BML Inc., Tokyo, Japan)18 to determine the effect of baseline

NS5A RAS in patients with GT1 HCV. In naive patients with HCV GT

1 infection, the decision to check for NS5A RAS was made by a physi-

cian. On the other hand, samples from patients with previous DAA

failure were tested for RAS at the NS5A region using direct sequenc-

ing (LSI Medience Inc., Tokyo, Japan) before starting GLE/PIB.

Hyperbilirubinemia was characterized as total bilirubin levels

>1.2 mg/dL. ALT levels <30 U/L were considered normal. Fib-4 index

were calculated based on following formula: Fib-4 index = (aspartate

aminotransferase [AST] [U/L] � Age [years])/(Platelet [�104/mm3]) �
√ALT [U/L]). The estimated glomerular filtration rate (eGFR) was calcu-

lated using the formula eGFR (mL/min/1.73 m2) = 194 � creatinine
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(mg/dL)�1.094 � age (years)�0.287 (� 0.739, if female). eGFR was used as

a surrogate marker of creatinine clearance. The chronic kidney disease

(CKD) stage was classified according to the kidney disease: Improving

Global Outcomes Clinical Practice Guideline for CKD.19 Patients were

divided into three groups at baseline according to stage: stage 1/2, eGFR

≥60 mL/min/1.73 m2; stage 3, 60 mL/min/1.73 m2 > eGFR ≥30 mL/

min/1.73 m2; and stage 4/5, eGFR <30 mL/min/1.73 m2.

2.3 | Treatment efficacy and safety assessment

SVR was defined as undetectable HCV RNA at 12 weeks after treat-

ment completion, whereas non-SVR was described as detectable HCV

RNA at treatment completion or undetectable HCV RNA at treatment

completion but detectable HCV RNA after 12 weeks. The primary

efficacy endpoint was the percentage of patients who achieved an

SVR in the intention-to-treat (ITT) and modified ITT (mITT) analyses.

All patients who received at least one dose of the study drug (includ-

ing cases of nonvirological failure, for example, loss to follow-up or

early discontinuation) formed the ITT population. mITT analysis was

also conducted, excluding all nonvirological failure.

Treatment-associated AEs, including all clinical, biochemical, and hema-

tological abnormalities, were reported and documented. The frequency of

GLE/PIB-associated AEs was computed. AEs were graded according to the

National Cancer Institute Common Terminology Criteria for Adverse Events,

version 5.0.20 The primary safety endpoint was frequency of AEs.

2.4 | Statistical analysis

Treatment results were examined according to ITT and mITT. A 95%

confidence interval (CI) was calculated for the SVR rate. Categorical

variables were analyzed using the Chi-square test and Fisher's exact

test and continuous variables using the paired Mann-Whitney U test

to compare clinical parameters among the groups. The Friedman test

was used to compare two or more paired groups, followed by a

Bonferroni's multiple-comparison post hoc test. P values <.05 (deter-

mined by two-tailed test) were considered statistically significant. All

statistical analyses were conducted using SPSS software (SPSS Statis-

tics for Windows, SPSS Inc., Chicago, Illinois).

3 | RESULTS

3.1 | Patients' characteristics

A total of 230 patients with chronic HCV infection were enrolled,

comprising 121 participants (49 males, 72 females) in the 8-week

F IGURE 1 Flowchart depicting the selection of participant and assessment. HCV, hepatitis C virus; GLE, glecaprevir; PIB, pibrentasvir; DAAs,
direct-acting antiviral agent; EOT, end of treatment; ASV, asunaprevir; DCV, daclatasvir; LDV, ledipasvir; SOF, sofosbuvir; OMV, ombitasvir; PTV,
paritaprevir; r, ritonavir; BEC, beclabuvir; GRZ, grazoprevir; EBR, elbasvir; RBV, ribavirin
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initial treatment group and 61 (32 males, 29 females) in the 12-week ini-

tial treatment group. A total of 48 (25 males, 23 females) re-treatment

patients were included in the 12-week group (Table 1). The median age

was 68 (range, 26-88) years in the 8-week initial treatment group,

70 (range, 36-88) years in the 12-week initial treatment group, and

71 (range, 44-85) years in the 12-week re-treatment group. The baseline

characteristics of the patients in the study are shown in Table 1.

Of the 230 patients, 21% (48/230) experienced a previous IFN-

free DAA treatment failure. Previous DAA treatments for GT1 HCV

patients included ASV + DCV in 26 patients, LDV/SOF in five,

OMV/PTV/r in two, ASV/DCV/BEC in one, and GRZ + EBR in one

patient. Of the GT2 HCV-infected patients, 12 had previously

received SOF + RBV treatment and one had received LDV/SOF.

The presence of NS5A Y93 RAS and NS5A L31 RAS at baseline is

shown in Table 1. Double mutation of NS5A Y93 and L31 was

detected in 82.4% (28/34) of patients with previous DAA failure. P32

deletion in NS5A was not detected among DAA-experienced GT1

HCV patients. Moreover, NS5A A92 RAS was detected in 9.4% (3/32)

of patients with a previous DAA failure.

3.2 | Efficacy

The overall SVR rate in the mITT population was 99% (222/225).

Among patients who received treatment for 8 weeks, the SVR rate

was 99% (118/119; mITT analysis excluding 2 patients lost to

TABLE 1 Baseline characteristics of the study patients

8-Week initial treatment 12-Week initial treatment 12-Week re-treatment

Variable n = 121 n = 61 n = 48

Sex (male/female) 49/72 32/29 25/23

Age (years)a 68 (26–88) 70 (36–88) 71 (44–85)

WBC (/mm3)a 5140 (1970-13 800) 4640 (1800-8930) 4400 (1680-11 160)

Hemoglobin (g/dL)a 13.4 (8.6-16.8) 12.6 (6.0-15.9) 13.3 (9.6-16.4)

Platelets (�104/mm3)a 19.3 (5.7-41.8) 12.5 (5.7-33.0) 14.1 (4.7-35.3)

Total bilirubin (mg/dL) 0.5 (0.2-1.8) 0.6 (0.1-2.1) 0.6 (0.2-2.1)

AST (IU/L)a 29 (12-527) 45 (9-189) 35 (14-182)

ALT (IU/L)a 28 (8-740) 41 (9-220) 30 (7-264)

Serum albumin (g/dL)a 4.2 (2.7-6.3) 3.9 (2.9-4.6) 4.2 (2.9-6.4)

eGFR (mL/min/1.73 m2)a 70.6 (5.4-114.2) 64.0 (3.7-112.1) 69.5 (5.0-112.1)

CKD stage 1b 22 7 9

CKD stage 2c 59 28 26

CKD stage 3d 28 11 11

CKD stage 4e 4 1 1

CKD stage 5f 6 14 1

CKD on HD state 6 12 0

Noncirrhosis/cirrhosis 120/1 5/56 33/15

Fib-4 index (<3.25/≥3.25) 95/22 20/36 24/24

WFA(+)–M2BP (COI)a 1.29 (0.15-8.20) 3.53 (0.50-15.70) 2.59 (0.45-12.32)

AFP (ng/mL)a 3.4 (0.9-81.3) 6.1 (1.1-255.9) 3.6 (1.2-33.5)

HCV RNA (log IU/mL)a 6.3 (2.1-7.3) 6.1 (3.5-7.6) 6.5 (5.0-7.4)

HCV genotype (1/2) 75/46 32/29 35/13

NS5A L31 RAS (absent/present/unknown) 38/4/33 15/2/15 5/29/1

NS5A Y93 RAS (absent/present/unknown) 32/10/33 15/3/14 3/31/1

History of prior interferon-free DAA treatment

(absent/present/unknown)

121/0/0 61/0/0 0/48/0

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CKD, chronic kidney disease; COI, cutoff index;

DAAs, direct-acting antiviral agents; eGFR, estimated glomerular filtration rate; Fib-4, Fibrosis-4; HCV, hepatitis C virus; HD, hemodialysis; RAS,

resistance-associated substitution; WBC, white blood cell; WFA(+)-M2BP, Wisteria floribunda agglutinin-positive human Mac-2-binding protein.
aMedian (range).
beGFR level ≥ 90 mL/min/1.73 m2.
c90 mL/min/1.73 m2 > eGFR level ≥ 60 mL/min/1.73 m2.
d60 mL/min/1.73 m2 > eGFR level ≥ 30 mL/min/1.73 m2.
e30 mL/min/1.73 m2 > eGFR level ≥ 15 mL/min/1.73 m2.
feGFR level < 15 mL/min/1.73 m2.
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follow-up) (Figure 2A). In patients with GT1 and GT2 HCV infec-

tion, the SVR rates were 99% (72/73) and 100% (46/46), respec-

tively. Among the patients receiving the 12-week treatment, the

SVR rate was 97% (56/58; mITT analysis excluding three patients

lost to follow-up) for DAA-naive patients with LC and 100%

(48/48; mITT analysis) for IFN-free DAA-experienced patients

(Figure 2B,C). The SVR rates in DAA-experienced patients without

and with LC were 100%.

In naive patients with HCV genotype 1 infection for whom RAS

were measured, the SVR rate was 100% regardless of whether it was

Y93RAS or L31RAS in both the 8-week initial treatment group

[Y93RAS(�) (31/31), Y93RAS(+) (10/10), L31RAS(�) (37/37), RAS(+)

(4/4)] and 12-week initial treatment group [Y93RAS(�) (15/15),

Y93RAS(+) (1/1), L31RAS(�) (14/14), RAS(+) (2/2)].

mITT analysis showed that, according to the CKD stage, SVR

rates were 99% (149/150) for stage 1/2, 96% (45/47) for stage 3, and

100% (26/26) for stage 4/5. SVR rates for patients receiving 8-week

initial treatment according to the CKD stage were 100% (81/81) for

stage 1/2, 96% (25/26) for stage 3, and 100% (10/10) for stage 4/5

(Figure 3A), whereas SVR rates for patients receiving 12-week ini-

tial treatment according to CKD stage were 97% (33/34) for stage

1/2, 90% (9/10) for stage 3, and 100% (14/14) for stage 4/5

(Figure 3B). Moreover, SVR rates for patients receiving 12-week

re-treatment according to CKD stage were 100% in all stages

(Figure 3C). Therefore, the SVR rate was not influenced by the

CKD stage. In particular, SVR was achieved in all 18 patients (six

receiving 8-week initial treatment and 12 receiving 12-week initial

treatment) who underwent hemodialysis. One patient treated for

8 weeks and nine patients treated for 12 weeks had GT2 HCV

infection.

The baseline characteristics of patients who failed the GLE/PIB

treatment are shown in Table 2. The baseline patient characteristics

F IGURE 2 SVR12 rate following GLE/PIB treatment. Percentages of patients in whom hepatitis C virus RNA was undetectable at 12 weeks
after treatment. (A) 8-week initial treatment group, (B) 12-week initial treatment group, (C) 12-week re-treatment group. SVR12, sustained
virologic response at 12 weeks after end of treatment; ITT, intention-to-treat; mITT, modified intention-to-treat

F IGURE 3 SVR12 rates according to CKD stage. (A) 8-week initial treatment group, (B) 12-week initial treatment group, (C) 12-week re-
treatment group. SVR12, sustained virologic response at 12 weeks after end of treatment; CKD, chronic kidney disease; ITT,
intention-to-treat; mITT, modified intention-to-treat
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of all groups to determine whether any features were associated with

the achievement of SVR. Table 3 illustrates the SVR rates for the mITT

analysis according to various features. Although the cases of

treatment cessation were few, results revealed that discontinuation of

treatment resulted in a significantly lower SVR compared with other

factors (60.0% [3/5]; 95% CI, 14.7-94.7; P = .00118).

TABLE 2 Baseline characteristics of patients who failed GLE/PIB treatment

Case Age (years) Sex Liver status Fib-4 index GT
HCV RNA
(logIU/mL)

NS5A
L31 RAS

NS5A
Y93 RAS

CKD
stage

Treatment
discontinuation

1 73 Female CH 3.11 1 5.9 Not tested Not tested 3 Yes

2 81 Female LC 3.47 2 6.5 - - 3 Yes

3 58 Male LC 12.70 1 6.4 Not tested Not tested 1 No

Abbreviations: CH, chronic hepatitis; CKD, chronic kidney disease; Fib-4 index, fibrosis-4 index; GT, genotype; HCV, hepatitis C virus; LC, liver cirrhosis;

NS, nonstructural protein; RAS, resistance-associated substitutions.

TABLE 3 SVR rate according to the
initial patient characteristics

n/N SVR12 (%) 95% CI P value

Sex

Male 103/104 99.0 94.8-100 1.000

Female 119/121 98.3 94.2-99.8

Age

<70 years 117/118 99.2 95.4-1.00 .606

≥70 years 105/107 98.1 93.4-99.8

Fibrosis

CH 154/155 99.4 96.5-100 .241

LC 68/70 97.0 90.1-99.7

Fib-4 index

<3.25 135/136 99.3 96.0-100 .292

≥3.25 74/76 97.4 90.8-99.7

Treatment duration

8 weeks 118/119 99.2 95.4-100 .603

12 weeks 104/106 98.1 93.4–99.8

Previous DAA treatment

No (initial treatment) 174/177 99.4 96.9-100 1.000

Yes (re-treatment) 48/48 100 93.9-100

Tx discontinuation

No 219/220 99.5 97.5-100 .00118

Yes 3/5 60.0 14.7–94.7

HCV genotype

GT 1 136/138 98.6 94.9-99.8 1.000

GT 2 86/87 98.9 93.8-100

HCV RNA

<6 Log IU/mL 71/72 98.6 92.5-100 1.000

≥6 Log IU/mL 145/147 98.6 95.2-99.8

CKD stage

1/2 139/140 99.1 96.1-100 .163

3 45/47 95.7 85.5-99.5

4/5 26/26 100 89.1-100

Abbreviations: CH, chronic hepatitis; CI, confidence interval; CKD, chronic kidney disease; DAA, direct-

acting antiviral agent; GT, genotype; HCV, hepatitis C virus; LC, liver cirrhosis; SVR12, sustained virologic

response at 12 weeks after end of treatment; Tx, treatment.
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3.3 | Biochemistry abnormalities

Changes in mean Fib-4 index, AST, ALT, and platelet counts are

shown in Table 4. The Fib-4 index, AST and ALT levels showed statis-

tically significant improvement from baseline to 12 weeks post-

treatment in all three groups (P < .05). Conversely, platelet counts

indicated no statistically significant improvement from baseline to

12 weeks post-treatment in the 8-week initial treatment group and

12-week re-treatment group, but did significantly improve in the

12-week initial treatment group (P < .05). Change in mean eGFR

according to CKD stage are shown in Figure 4. No significant changes

were seen in eGFR according to CKD stage from baseline to end of

treatment (post-treatment week 12) in any group.

3.4 | Safety

Seven patients discontinued treatment, and two patients died during

treatment (chronic renal failure and cerebral hemorrhage) but did not

demonstrate a causal relationship with the drug. Treatment was dis-

continued in five patients because of treatment-associated AEs. One

patient in the 8-week initial treatment group and one in the 12-week

initial treatment group discontinued treatment because of pruritus.

Thereafter, they did not achieve SVR. One patient stopped because of

TABLE 4 Changes in mean fibrosis-4
index, AST, ALT, and platelet count

A. 8-week initial treatment group

Baseline 8 weeks (EOT) - SVR 12

Fib-4 index 2.40 ± 1.65 1.94 ± 1.02* - 2.08 ± 1.24*

AST (IU/L) 49 ± 67 20 ± 6* - 23 ± 12*

ALT (IU/L) 55 ± 95 15 ± 8* - 16 ± 12*

Platelets (�104/mm3) 20.7 ± 6.7 20.7 ± 6.6 - 20.7 ± 6.7

B. 12-week initial treatment group

Baseline 8 weeks 12 weeks (EOT) SVR 12

Fib-4 index 4.44 ± 2.93 2.92 ± 1.50* 3.00 ± 1.61* 2.88 ± 1.35*

AST (IU/L) 58 ± 44 23 ± 11* 24 ± 11* 25 ± 10*

ALT (IU/L) 57 ± 51 17 ± 11* 20 ± 18* 20 ± 11*

Platelets (�104/mm3) 13.9 ± 5.0 15.0 ± 5.7* 15.2 ± 5.4* 15.8 ± 5.2*

C. 12-week re-treatment group

Baseline 8 weeks 12 weeks (EOT) SVR 12

Fib-4 index 3.77 ± 2.43 3.19 ± 1.92* 2.96 ± 1.68* 3.02 ± 1.76*

AST (IU/L) 41 ± 28 25 ± 13* 24 ± 10* 25 ± 9*

ALT (IU/L) 42 ± 41 18 ± 13* 18 ± 11* 20 ± 13*

Platelets (�104/mm3) 15.3 ± 6.6 16.2 ± 7.4 16.4 ± 7.2 16.7 ± 7.3

Note: Data are expressed as the average ± SD, *P < .05 in the Friedman test when compared with the

baseline level.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; EOT, end of treatment;

Fib-4 index, fibrosis-4 index; SVR 12, sustained virological response at 12 weeks after end of treatment.

F IGURE 4 Changes in eGFR according to CKD stage from baseline to 12 weeks post-treatment. (A) 8-week initial treatment group,
(B) 12-week initial treatment group, (C) 12-week re-treatment group. eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease;
EOT, end of treatment; SVR, sustained virologic response
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elevated total bilirubin levels (6.8 g/dL), one patient ceased because

of elevated ALT levels (116 U/L), and one patient withdrew because

of a decline in platelet count (5.0 � 104/mm3) 2 weeks after starting

the treatment; however, these three patients achieved SVR.

Serious AEs (≥ grade 3) occurred in 5.2% (12/230) of patients,

ALT elevation occurred in two patients, hyperbilirubinemia occurred

in seven patients, a decline in platelet count occurred in one patient,

and pruritus occurred in two patients (Table 5).

4 | DISCUSSION

Our study of patients treated with GLE/PIB in a real-world clinical

setting for 8 to 12 weeks found excellent SVR rates with a small

number of AEs. The total SVR rate in patients without cirrhosis and

with GT1/2 HCV infection was 99% (mITT) in the 8-week initial

GLE/PIB treatment group. SVR rates of GLE/PIB treatment among

IFN-free DAA-naive patients with GT1/2 HCV infection were

extremely high. Also, in a clinical trial comparing 8 weeks of

GLE/PIB treatment with 12 weeks of GLE/PIB treatment in naive

patients with CH and HCV GT2 infection, the treatment efficacy

and safety were equal.21 Considering these results, it is beneficial

for patients without cirrhosis to obtain a high SVR rate following

short-term GLE/PIB treatment. Therefore, distinguishing between

noncirrhosis and cirrhosis using methods such as liver biopsy, fibro

index score, aminotransferase to platelet ratio index, Fib-4 index,

discriminate score, serum markers of fibrosis, and transient

elastography is important.

Results collected after 12 weeks of treatment for compensated

cirrhosis receiving initial treatment with GLE/PIB were excellent, and

the treatment efficacy and safety were as good as those from the clin-

ical trials.4,5,22 However, discontinuation of treatment yielded a low

SVR12 in the 8- and 12-week initial treatment groups.

SVR rates of patients receiving re-treatment for previous DAA

failure were also excellent. SVR rates of experienced ASV + DCV,

SOF/LDV, OMV/PTV/r, EBR + GRZ, and ASV/DCV/BEC patients

with GT1 HCV infection were all 100%. A Japanese clinical trial

(CERATAIN-1) revealed that two patients with GT1b HCV infection

and GLE/PIB treatment failure harbored a P32 deletion in the NS5A

region at baseline, which greatly reduces susceptibility to PIB.23

However, in this study, a P32 deletion in NS5A was not determined

among the DAA-experienced GT1 HCV patients. Moreover, a lower

SVR rate has been reported in patients with an A92 substitution in

NS5A at baseline compared with those without this substitution as

well as a lower SVR rate in those with several RASs at Q24, L28, R30,

or Q54 in NS5A than in those without these RASs among the

GLE/PIB re-treatment groups.24 In this study, 9.4% of patients with

previous DAA failure had A92 RAS in NS5A, and those patients

achieved SVR. SVR may be influenced by not only A92 RAS but also

multiple substitutions including RASs at Q24, L28, R30, Q54, and

A92.25 In addition, compared with DAA-naive patients, the prevalence

of double mutations in NS5A Y93 and L31 was higher in those with a

previous DAA failure, but SVR rates in patients with double mutations

treated with GLE/PIB were high. Moreover, the SVR rate in experi-

enced SOF + RBV GT2 HCV patients was 100%. Therefore, 12-week

treatment with GLE/PIB shows high efficacy in patients with a previ-

ous SOF + RBV treatment failure.

The efficacy and safety of several IFN-free DAA combination reg-

imens for GT1, such as DCV + ASV, OMV/PTV/r, and EBR + GRZ, in

patients with CKD, including those undergoing hemodialysis, have

been demonstrated.26-28 In this study, 18 patients with GT1/2 HCV

underwent dialysis. Among these, 12 cirrhotic DAA-naive patients

received the 12-week treatment, and six DAA-naive patients without

LC received the 8-week treatment. All patients achieved SVR, and

AEs were not observed. Therefore, GLE/PIB therapy is applicable for

HCV-GT1/2-infected patients, including those without cirrhosis and

with compensated cirrhosis receiving hemodialysis. Furthermore,

GLE/PIB treatment is expected to show high SVR rates in HCV-

infected patients without cirrhosis receiving hemodialysis after treat-

ment for 8 weeks.

The GLE/PIB treatment was well tolerated in all three groups.

Serious treatment-related AEs (Grade ≥ 3) occurred in 12 patients

(5.2%), and five of them discontinued the treatment. The observed

ALT elevation, hyperbilirubinemia, decline in platelet count, and pruri-

tus improved with cessation of treatment.

Fib-4 index, a noninvasive measurement, is used as a marker of

liver fibrosis in HCV-infected patients.11 In our study, Fib-4 index was

significantly reduced at 12 weeks after the end of treatment com-

pared with baseline. Supposedly, this short-term change after DAA

treatment can reflect reduced inflammatory activity rather than

improvement of fibrosis, because a remarkable decrease in amino-

transferase was observed rather than an increase in platelet count.

However, it is necessary to carefully monitor the Fib-4 index to

provide prognostic information, such as long-term improvement in

fibrosis and liver-related event.

This real-world study has some limitations. First, this study was

conducted at multiple centers. Consequently, the methods of data

collection and assessment of cirrhosis might vary among centers. Sec-

ond, the NS5A RAS data from the GT1 HCV patients were insufficient

and only available for approximately 69% of these patients. However,

data from DAA-experienced GT1 HCV patients were almost com-

plete. Third, in this study, minor AEs may have been missed as the

physicians might not have recorded them.

TABLE 5 Adverse events

Total (n = 230)

Treatment discontinued because of AEs 5 (2.2%)

Serious treatment-related AEs (≥grade 3)

Pruritus 2 (0.9%)

Increased AST/ALT 2 (0.9%)

Increased total bilirubin 7 (3.0%)

Decreased platelet count 1 (0.4%)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST,

aspartate aminotransferase.
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In conclusion, primary treatment and re-treatment with

GLE/PIB for patients with chronic hepatitis or compensated

hepatic cirrhosis and GT1/2 HCV infection in a real-world clinical

setting is effective and safe. Moreover, the SVR rate was not

influenced by CKD stage.

ACKNOWLEDGMENTS

The authors express their sincere gratitude to Ting Wang, Kouko

Motodate, and Junko Sasaki. We also thank the collaborators at the

participating centers; Toshimi Yoshida (Yoshida Clinic), Koichi Abe

(Abe Saien Clinic), Ken Ohuchi (Ohuci Clinic), Shinichirou Sato (Sato

Clinic), Tadashi Kawakami (Kawakami Medical Clinic), Daisuke

Watanabe (Watanabe Internal Medical Clinic). We thank Renee Mosi,

PhD, from Edanz Group (www.edanzediting.com/ac) for editing a

draft of this manuscript.

FUNDING

The authors declare that they received no financial support for this

study.

CONFLICT OF INTEREST

The authors have no conflicts of interest directly relevant to the con-

tent of this article.

AUTHOR CONTRIBUTIONS

Conceptualization: Akio Miyasaka.

Data Curation: Akio Miyasaka, Yuichi Yoshida, Akihiko Murakami,

Takao Hoshino, Kei Sawara, Hiroshi Numao, Yasuhiro Takikawa.

Formal Analysis: Akio Miyasaka.

Maethology: Akio Miyasaka.

Resource: Akio Miyasaka, Yuichi Yoshida, Akihiko Murakami, Takao

Hoshino, Kei Sawara, Hiroshi Numao, Yasuhiro Takikawa.

Supervison: Yasuhiro Takikawa.

Writing—Original Draft Preparation: Akio Miyasaka.

Writing—Review and Editing: Akio Miyasaka, Yuichi Yoshida, Akihiko

Murakami, Takao Hoshino, Kei Sawara, Hiroshi Numao, Yasuhiro

Takikawa.

All authors have read and approved the final version of the

manuscript.

Akio Miyasaka had full access to all of the data in this study and

takes complete responsibility for the integrity of the data and the

accuracy of the data analysis.

TRANSPARENCY STATEMENT

Akio Miyasaka affirms that this manuscript is an honest, accurate, and

transparent account of the study being reported, that no important

aspects of the study have been omitted, and that any discrepancies

from the study as planned (and, if relevant, registered) have been

explained.

INFORMED CONSENT

Written informed consent was obtained from each patient before

treatment.

DATA AVAILABILITY STATEMENT

The authors confirm that the data supporting the findings of this

study are available within the article.

ETHICS STATEMENT

The study was approved by the Ethics Committee of Iwate Medical

University (approval number H29-170) and the respective committees

at each treatment site.

ORCID

Akio Miyasaka https://orcid.org/0000-0001-7747-5977

Yuichi Yoshida https://orcid.org/0000-0001-8855-4099

Akihiko Murakami https://orcid.org/0000-0001-9231-5234

Takao Hoshino https://orcid.org/0000-0001-7697-4379

Kei Sawara https://orcid.org/0000-0003-4608-277X

Hiroshi Numao https://orcid.org/0000-0002-6476-7038

Yasuhiro Takikawa https://orcid.org/0000-0002-1729-1540

REFERENCES

1. Kiyosawa K, Sodeyama T, Tanaka E, et al. Interrelationship of blood

transfusion, non-a, non-B hepatitis and hepatocellular carcinoma:

analysis by detection of antibody to hepatitis C virus. Hepatology.

1990;12:671-675.

2. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis pro-

gression in patients with chronic hepatitis C. the OBSVIRC, METAVIR,

CLINIVIR, and DOSVIRC groups. Lancet. 1997;349:825-832.

3. Asselah T, Marcellin P, Schinazi R. Treatment of hepatitis C virus

infecton with direct-acting antiviral agents: 100% cure? Liver Int.

2018;38(Suppl 1):7-13.

4. Chayama K, Suzuki F, Karino Y, et al. Efficacy and safety of

glecaprevir/pibrentasvir in Japanese patients with chronic genotype

1 hepatitis C virus infection with and without cirrhosis.

J Gastroenterol. 2018;53:557-565.

5. Toyoda H, Chayama K, Suzuki F, et al. Efficacy and safety of

glecaprevir/pibrentasvir in Japanese patients with chronic genotype

2 hepatitis C virus infection. Hepatology. 2018;67:505-513.

6. Kumada H, Watanabe T, Suzuki F, et al. Efficacy and safety of

glecaprevir/pibrentasvir in HCV-infected Japanese patients with prior

DAA experience, severe renal impairment, or genotype 3 infection.

J Gastroenterol. 2018;53:566-575.

7. Poordad F, Felizarta F, Asatryan A, et al. Glecaprevir and pibrentasvir

for 12 weeks for hepatitis C virus genotype 1 infection and prior

direct-acting antiviral treatment. Hepatology. 2017;66:389-397.

8. Garrison KL, German P, Mogalian E, Mathias A. The drug-drug inter-

action potential of antiviral agents for the treatment of chronic hepa-

titis c infection. Drug Metab Dispos. 2018;46:1212-1225.

9. Gane E, Lawitz E, Pugatch D, et al. Glecaprevir and pibrentasvir in

patients with HCV and severe renal impairment. N Engl J Med. 2017;

377:1448-1455.

10. Kanda T, Lau GKK, Wei L, et al. APASL clinical practice recommenda-

tion: how to treat HCV-infected patients with renal impairment?

Hepatol Int. 2018;13:103-109.

11. Bedossa P, Poynard T. An algorithm for the grading of activity in

chronic hepatitis C. the METAVIR cooperative study group.

Hepatology. 1996;24:289-293.

12. Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive and

accurate marker of fibrosis in HCV infection. Comparison with liver

biopsy and fibrotest. Hepatology. 2007;46:32-36.

13. Ikeda K, Saitoh S, Kobayashi M, et al. Distinction between chronic

hepatitis and liver cirrhosis in patients with hepatitis C virus infection:

MIYASAKA ET AL. 9 of 10

http://www.edanzediting.com/ac
https://orcid.org/0000-0001-7747-5977
https://orcid.org/0000-0001-7747-5977
https://orcid.org/0000-0001-8855-4099
https://orcid.org/0000-0001-8855-4099
https://orcid.org/0000-0001-9231-5234
https://orcid.org/0000-0001-9231-5234
https://orcid.org/0000-0001-7697-4379
https://orcid.org/0000-0001-7697-4379
https://orcid.org/0000-0003-4608-277X
https://orcid.org/0000-0003-4608-277X
https://orcid.org/0000-0002-6476-7038
https://orcid.org/0000-0002-6476-7038
https://orcid.org/0000-0002-1729-1540
https://orcid.org/0000-0002-1729-1540


practical discriminant function using common laboratory data. Hepatol

Res. 2000;18:252-266.

14. Toshima T, Shirabe K, Ikegami T, et al. A novel serum marker, glyco-

sylated Wisteria floribunda agglutinin-positive mac-2 binding protein

(WFA(+)-M2BP), for assessing liver fibrosis. J Gastroenterol. 2015;50:

76-84.

15. Nitta Y, Kawabe N, Hashimoto S, et al. Liver stiffness measured by

transient elastography correlates with fibrosis area in liver biopsy in

patients with chronic hepatitis C. Hepatol Res. 2009;39:675-684.

16. Okamoto H, Kurai K, Okada S, et al. Full-length sequence of a hepati-

tis C virus genome having poor homology to reported isolates: com-

parative study of four distinct genotypes. Virology. 1992;188:

331-341.

17. Uchida Y, Kouyama J, Naiki K, Mochida S. A novel simple assay sys-

tem to quantify the percent HCV-RNA levels of NS5A Y93H mutant

strains and Y93 wild-type strains relative to the total HCV-RNA levels

to determine the indication for antiviral therapy with NS5A inhibitors.

PLoS One. 2014;9:e112647.

18. Tadokoro K, Suzuki F, Kobayashi M, et al. Rapid and high sensitive

detection of Y93H amino acid substitution in HCV NS5A region using

the PCR-invader assay. Kanzo. 2014;55:720-722.

19. Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO 2012

clinical practice guideline for the evaluation and management of

chronic kidney disease. Kidney Int Suppl. 2013;3:1-150.

20. National Cancer Institute. Common Terminology Criteria for Adverse

Events, version 5.0. Maryland, USA, NCI. 2017.

21. Asselah T, Kowdley KV, Zadeikis N, et al. Efficacy of Glecaprevir

/Pibrentasvir for 8 or 12 weeks in patients with hepatitis C virus

genotype 2, 4, 5, or 6 infection without cirrhosis. Clin Gastroenterol

Hepatol. 2018;16:417-426.

22. Asselah T, Bourgeois S, Pianko S, et al. Sofosbuvir/velpatasvir in

patients with hepatitis C virus genotypes 1�6 and compensated cir-

rhosis or advanced fibrosis. Liver Int. 2018;38:443-450.

23. Krishnan P, Schnell G, Tripathi R, et al. Integrated resistance analysis

of CERTAIN-1 and CERTAIN-2 studies in hepatitis C virus-infected

patients receiving glecaprevir and pibrentasvir in Japan. Antimicrob

Agents Chemother. 2018;62:e02217.

24. Sezaki H, Suzuki F, Hosaka T, et al. Initial- and re-treatment effective-

ness of glecaprevir and pibrentasvir for Japanese patients with

chronic hepatitis C virus-genotype 1/2/3 infections. J Gastrenterol.

2019;54:916-927.

25. Mawatari S, Oda K, Kumagai K, et al. Viral and host factors are associ-

ated with retreatment failure in hepatitis C patients receiving all-oral

direct antiviral therapy. Hepatol Res. 2020;50:453-465.

26. Suda G, Kudo M, Nagasaka A, et al. Efficacy and safety of daclatasvir

and asunaprevir combination therapy in chronic hemodialysis patients

with chronic hepatitis C. J Gastroenterol. 2016;51:733-740.

27. Atsukawa M, Tsubota A, Koushima Y, et al. Efficacy and safety of

ombitasvir/paritaprevir/ritonavir in dialysis patients with genotype 1b

chronic hepatitis C. Hepatol Res. 2017;47:1429-1427.

28. Atsukawa M, Tsubota A, Toyoda H, et al. Efficacy and safety of

elbasvir/grazoprevir for Japanese patients with genotype 1b chronic

hepatitis C complicated by chronic kidney disease, including those

undergoing hemodialysis: a post hoc analysis of a multicenter study.

J Gastroenterol Hepatol. 2019;34:364-349.

How to cite this article: Miyasaka A, Yoshida Y, Murakami A,

et al. Safety and efficacy of glecaprevir and pibrentasvir in

north Tohoku Japanese patients with genotype 1/2 hepatitis

C virus infection. Health Sci Rep. 2022;5:e458.

doi:10.1002/hsr2.458

10 of 10 MIYASAKA ET AL.

info:doi/10.1002/hsr2.458

	Safety and efficacy of glecaprevir and pibrentasvir in north Tohoku Japanese patients with genotype 1/2 hepatitis C virus i...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients
	2.2  Treatment protocol and laboratory tests
	2.3  Treatment efficacy and safety assessment
	2.4  Statistical analysis

	3  RESULTS
	3.1  Patients' characteristics
	3.2  Efficacy
	3.3  Biochemistry abnormalities
	3.4  Safety

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  FUNDING
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  TRANSPARENCY STATEMENT
	  INFORMED CONSENT
	  DATA AVAILABILITY STATEMENT

	  ETHICS STATEMENT
	REFERENCES


