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Abstract:
Clinical trials and real-world data have proven that hepatitis C virus (HCV) in most infected patients can

be eradicated by direct-acting antivirals (DAAs). However, the proper retreatment regimen for hemodialysis

patients with HCV infection who have previously failed to respond to DAAs has not been clarified. We

herein report, for the first time, the successful retreatment with glecaprevir and pibrentasvir, of three hemo-

dialysis patients with genotype 1 or 2 HCV infection, who had previously failed to respond to combination

therapy with an HCV-NA5A inhibitor (daclatasvir) and an HCV protease inhibitor (asunaprevir).
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Introduction

The prevalence of hepatitis C virus (HCV) infection in

hemodialysis patients is high and is associated with a poor

prognosis (1, 2). Thus, the effective and safe treatment of

hemodialysis patients with HCV infection is crucial. In addi-

tion, because HCV infection is associated with a poor renal

allograft prognosis (3), renal transplantation candidates

should consider anti-HCV therapy. Until recently, interferon-

based therapy was a standard therapy for hemodialysis pa-

tients (similarly to non-hemodialysis patients). However, the

outcome of interferon (IFN)-based therapy for hemodialysis

patients was not sufficiently effective, partly due to the high

rate of adverse events (4).

The development of direct acting antivirals (DAAs) has

changed the landscape of anti-HCV therapy for hemodialy-

sis patients. Combination therapy with DAAs has been

proven to show high efficacy and safety in hemodialysis pa-

tients. We previously reported that the first IFN-free DAA

combination therapy regimen in Japan with an NA5A inhibi-

tor (daclatasvir) and an HCV protease inhibitor (asunaprevir)

was highly effective and safe in the treatment of genotype 1

HCV-infected dialysis patients, and that it was associated

with a sustained virological response (SVR) rate of more

than 95% (5, 6). Subsequently, several clinical trials and

real-world data have clearly shown that IFN-free DAA ther-

apy was highly effective and well-tolerated in hemodialysis

patients (7, 8). However, caution must be exercised when

treating dialysis patients with IFN-free DAAs. Some potent

DAAs, such as the NS5B inhibitor sofosbuvir and the anti-

viral drug ribavirin are not recommended for patients with

severe renal dysfunction, including those on hemodialysis as

they are metabolized via the kidney (9). Additionally, hemo-
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Table　1.　Baseline Characteristics of the Three HCV Infected Hemodialysis Patients who 
Previously Failed to Respond to Daclatasvir and Asunaprevir.

Case 1 Case 2 Case3

Age (years) 57 69 68

Sex Female Female Female

Baseline white blood cell count (/μL) 5,730 2,500 2,500

Baseline hemoglobin level (g/dL) 17.5 13.6 14.2

Baseline platelet count (×103/μL) 127 111 87

Baseline ALT level (IU/L) 15 7 10

Baseline AST level (IU/L) 14 14 12

Baseline HCV RNA level (log10 IU/mL) 5.2 6.9 4.2

HCV genotype 2b 1b 1b

FIB-4 index 1.6 3.3 3.0

IL28 B gene (rs8099917) TG TT TT

Previous treatment DCV/ASV DCV/ASV DCV/ASV

Response to previous treatment Non-response Viral breakthrough Relapse

Etiology of renal dysfunction DM DM Nephrosclerosis

HD duration (years) 23 13 14

NS5A RAVs NA R30Q, L31M, Y93H L31M, Y93H

NS3 RAVs NA none D168E

HCV: hepatitis C virus, IFN: interferon, ALT: alanine transaminase, DCV: daclatasvir, ASV: asunaprevir, RAVs: 

resistance associated variants, ART: antiretroviral therapy, Tx: treatment, ND: not detected, NA: not analyzed

dialysis patients are generally treated with various drugs;

thus, attention should be paid to the possible development of

drug-drug interactions among DAAs and concomitantly ad-

ministered drugs.

Despite the high efficacy of IFN-free DAA therapy,

around 5-10% of patients treated with DAAs fail to respond

to the treatment (6, 10-14). However, an effective retreat-

ment regimen for HCV-infected hemodialysis patients who

have previously failed to respond to DAAs, especially NS3

inhibitor and NS5A inhibitor combination therapy, has not

been clarified.

Combination therapy with an HCV NS5A inhibitor (gle-

caprevir) and an HCV protease inhibitor (pibrentasvir) is a

novel recently approved anti-HCV therapy. Clinical trials

have shown that this regimen is highly effective and safe for

HCV-infected patients, including patients with renal dys-

function and those who have previously failed to respond to

DAA therapy (15-17). Thus, this regimen might be suitable

for the retreatment of hemodialysis patients who have previ-

ously failed to respond to DAA therapy. However, the out-

comes of glecaprevir and pibrentasvir treatment in these pa-

tients have not been reported thus far.

In this case report, for the first time, we show the out-

comes of retreatment with glecaprevir and pibrentasvir, in

three hemodialysis patients with genotype 1 or 2 HCV in-

fection, who had previously failed to respond to HCV NS5A

inhibitor and HCV protease inhibitor combination therapy.

Three hemodialysis patients agreed to participate in a

clinical study of the safety and efficacy of glecaprevir and

pibrentasvir in patients with hepatitis C infection. The study

conformed to the ethical guidelines of the Declaration of

Helsinki and was approved by the institutional ethics review

committee of Hokkaido University Hospital. Written infor-

med consent to participate in the study was obtained from

each patient.

Case Reports

Case 1

The patient was a 57-year-old woman with genotype 2b

HCV infection who had been undergoing hemodialysis for

23 years due to diabetic nephropathy-induced chronic renal

failure. At 55 years of age, she was treated with NS5A in-

hibitor (daclatasvir) and HCV protease inhibitor (asunapre-

vir) combination therapy, as an HCV serotype examination

indicated HCV serotype 1 infection. After the initiation of

daclatasvir and asunaprevir therapy, the HCV RNA level re-

mained detectable for 3 months; thus, the treatment was ter-

minated.

Twelve weeks of glecaprevir and pibrentasvir combination

therapy was initiated when she was 57 years of age. An

HCV genotyping test, conducted before the initiation of the

therapy, indicated that the HCV genotype was 2b. At the in-

itiation of combination therapy, the patient’s platelet count

was 12.7×104/μL, her alanine transaminase (ALT) level was

15 IU/L, her HCV RNA titer was 5.2 log IU/mL, and IL28

B (rs8099917) was TG (Table 1). As shown in Figure A, the

HCV RNA titer quickly decreased and reached an undetect-

able level at 4 weeks after the initiation of retreatment; it re-

mained undetectable at 12 weeks after the completion of

treatment (SVR12). This patient completed 12 weeks of gle-

caprevir and pibrentasvir treatment without severe adverse

events. At two weeks after the initiation of treatment, this

patient felt nausea; however, it resolved without any medica-

tions.
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Figure.　The virologic response and clinical course to glecap-
revir and pibrentasvir retreatment in three hemodialysis pa-
tients who previously failed to respond to daclatasvir and asu-
naprevir. Changes in the serum hepatitis C virus (HCV) titer 
and alanine aminotransferase (ALT) level are shown. A: The 
clinical course of Case 1. B: The clinical course of Case 2. C: 
The clinical course of Case 3. HCV: hepatitis C virus, ALT: 
alanine transaminase

Case 2

The patient was a 69-year-old woman with genotype 1b

HCV infection who had been undergoing hemodialysis for

13 years because of diabetic nephropathy-induced chronic

renal failure and who had previously failed to respond to

NS5A inhibitor (daclatasvir) and HCV protease inhibitor

(asunaprevir) combination therapy, which was initiated when

she was 67 years of age. Her HCV-RNA titer became unde-

tectable at 4 weeks after the initiation of treatment; however,

at the end of treatment, HCV-RNA became detectable. Re-

garding resistance associated variants (RAVs), at the time of

the initiation of daclatasvir and asunaprevir treatment, this

patient had NS5A RAVs of L31M and A92T, and after fail-

ure to respond to daclatasvir and asunaprevir treatment, the

emergence of NS5A RAVs of R30H/Q, L31M, and Y93H,

and NS3 RAVs of D168T was detected by direct sequenc-

ing (18). At the initiation of glecaprevir and pibrentasvir

treatment, NS5A RAVs of R30Q, L31M, and Y93H were

observed, but no RAVs were detected in the NS3 region

(Table 2). At the initiation of treatment, the patient’s platelet

count was 11.1×104/μL, her ALT level was 7 IU/L, her HCV

RNA titer was 6.9 log IU/mL, and IL28B (rs8099917) was

TT (Table 1). As shown in the Figure B, the HCV RNA

titer decreased and reached an undetectable level at 6 weeks

after the initiation retreatment and remained undetectable at

12 weeks after the completion of treatment (SVR12). This

patient completed 12 weeks of glecaprevir and pibrentasvir

treatment without adverse events.

Case 3

The patient was a 68-year-old woman with genotype 1b

HCV infection who had been undergoing hemodialysis due

to nephrosclerosis since she was 54 years of age. When she

was 66 years of age, she was treated with daclatasvir and

asunaprevir combination therapy for 24 weeks. A response

was achieved at the end of treatment; however, at 12 weeks

after the completion of treatment, HCV-RNA became detect-

able. The analysis of HCV RAVs at the initiation of

daclatasvir and asunaprevir therapy, showed that this patient

had no NS5A RAVs or NS3 RAVs. After the response fail-

ure, the emergence of NS5A RAVs of L31M and Y93H, and

an NS3 RAV of D168E was detected by direct sequenc-

ing (18) (Table 2). At the initiation of glecaprevir and pi-

brentasvir treatment, NS5A RAVs of L31M and Y93H, and

NS3 RAVs of D168E were observed. At the initiation of re-

treatment, the patient’s platelet count was 8.7×104/μL, her

ALT level was 12 IU/L, her HCV RNA titer was 4.2 log IU/

mL, and IL28 B (rs8099917) was TT (Table 1). As shown

in Figure C, HCV RNA was undetectable at 2 weeks after

the initiation of retreatment and remained undetectable at 12

weeks after the completion of treatment (SVR12). This pa-

tient completed 12 weeks of glecaprevir and pibrentasvir

treatment. At 2 weeks after the initiation of treatment, this

patient experienced an itching sensation, but it resolved

without medication. At 61 days after the completion of treat-

ment, this patient suffered from hematencephalon, which

was resolved by conservative management. The attending

physician reported that the incidence of hematencephalon

might have been unrelated to glecaprevir and pibrentasvir

treatment because it occurred at long time after the comple-

tion of treatment.

Discussion

The optimal retreatment regimen for hemodialysis patients

who have previously failed DAA therapy has not been fully

clarified. In this case report, for the first time, we report that

HCV eradication was achieved after 12 weeks of glecaprevir

and pibrentasvir treatment in three hemodialysis patients
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Table　2.　Clinical Features and Change in RAVs after Failure to Respond to the Therapies.

Case 1: genotype 2b Case 2: genotype 1b Case 3: genotype 1b

NS5A 

RAVs

NS3 

RAVs

NS5A 

RAVs

NS3 

RAVs

NS5A 

RAVs

NS3 

RAVs

Pre-DCV /ASV NA NA L31M, A92T - - -

Post-DCV/ASV NA NA R30H/Q, L31M, Y93H D168T L31M, Y93H D168E

Pre-G/P NA NA 30Q, L31M, Y93H - L31M, Y93H D168E

HCV: hepatitis C virus, IFN: interferon, ALT: alanine transaminase, DCV: daclatasvir, ASV: asunaprevir, G/P: glecap-

revir and pibrentasvir, RAVs: resistance associated variants, NA: not analyzed

with genotype 1 or 2 HCV infections, who had previously

failed to respond to NS5A and HCV protease inhibitor com-

bination therapy. This result may provide a new treatment

approach for patients with severe renal dysfunction who

have previously failed to respond to DAA treatment.

Recently developed DAAs have dramatically improved ef-

ficacy and safety of HCV treatment. This revolutionary

change prevailed in HCV infected patients who were histori-

cally difficult to treat, such as patients with HIV co-

infection, renal dysfunction, or liver transplantation (5, 6,

10, 11, 19-22). Treatment with these DAAs achieved an

SVR rate of more than 90% in these patients, with success-

ful HCV eradication in most patients. However, a certain

number of these patients fail to respond to DAA treatment.

Typically, it is recommended that retreatment regimens for

such patients include classes of DAAs that were not in-

cluded during the initial treatment, because of the emer-

gence of RAVs after failure. These strategies are recom-

mended by the European Association for the Study of the

Liver (EASL) and the American Association for the Study

of Liver Diseases (AASLD) guidelines. We previously

showed the possibility that the addition of ribavirin to sofos-

buvir and ledipasvir might improve the treatment outcomes

of patients who fail to respond to daclatasvir and asunapre-

vir treatment (23). However, ribavirin and sofosbuvir cannot

be administered to hemodialysis patients because these

drugs are metabolized through the kidney. Thus, the retreat-

ment regimen for hemodialysis patients is limited to NA5A

and HCV protease inhibitors, which are usually adminis-

trated during the initial DAA treatment. Toyoda et al. and

our group, reported that the SVR rates of patients who pre-

viously failed treatment with an NS5A inhibitor (daclatas-

vir), a protease inhibitor (asunaprevir) who were treated

with an NS5A inhibitor (elbasvir) and a protease inhibitor

(grazoprevir) were insufficient [55.6% (10/18) and 0% (0/1),

respectively] (10, 14). Thus, there is a dire need for an ef-

fective retreatment regimen for such patients.

In this study, we reported the successful retreatment with

12 weeks of glecaprevir and pibrentasvir of three dialysis

patients who had previously failed to respond to NS5A in-

hibitor and HCV protease inhibitor combination therapy. Al-

though a phase 3 trial in Japan reported that glecaprevir and

pibrentasvir were highly effective for patients who failed to

respond to initial DAA treatment, hemodialysis patients

were not included in the retreatment group (15). In addition,

our report is the first to show the successful retreatment of

genotype 2 HCV-infected patient in whom NS5A inhibitor

and HCV protease inhibitor combination therapy had previ-

ously failed. Thus, this case report might shed light on the

retreatment approaches for such patients.

In Case 1, the HCV serotype examination before the in-

itiation of treatment indicated that the HCV serotype was 1;

thus, daclatasvir and asunaprevir were prescribed. However,

after the initiation of treatment, HCV-RNA was still detect-

able. An HCV genotyping examination using serum con-

served from before the initiation of daclatasvir and

asunaprevir treatment showed that the HCV genotype was

2b. Inoue et al. reported that at least 1.8% (3/168) patients

who were treated with daclatasvir and asunaprevir, showed

discrepancies in their HCV serotype and genotype examina-

tion results. Importantly, all of the three patients failed to re-

spond to daclatasvir and asunaprevir (24). Thus, it is possi-

ble that a certain number of patients, for whom only an

HCV serotype examination has been conducted (because

this is the only examination approved in Japan) and who

have failed to respond to daclatasvir and asunaprevir treat-

ment, might have HCV genotype 2 infection. Further studies

are needed to investigate the outcomes of glecaprevir and pi-

brentasvir retreatment in such cases.

In a Japanese phase 3 trial, glecaprevir and pibrentasvir

was highly effective for patients who had previously failed

to respond to DAAs, except for those with NS5A P32dele-

tion (15). In this case report, this mutation was not observed

before the initiation of glecaprevir and pibrentasvir treat-

ment. Thus, the appropriate retreatment regimen for hemo-

dialysis patients with NS5A P32deletion remains to be clari-

fied.

The proper retreatment of hemodialysis patients who fail

to respond to glecaprevir and pibrentasvir remains to be

clarified. The addition of non-nucleoside inhibitors of HCV

NS5B and/or interferon-which can be administered to hemo-

dialysis patients-to NS5A inhibitor and HCV protease in-

hibitor combination therapy, might be therapeutic options for

the retreatment of such patients; however, further studies are

required.

In conclusion, this case report indicated that glecaprevir

and pibrentasvir combination therapy is safe and effective

for hemodialysis patients with genotype 1 or 2 HCV infec-

tion who previously have failed to respond to HCV NS5A

inhibitor and HCV protease inhibitor combination therapy.
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Large-scale studies are required to further validate the re-

sults of the present study.
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