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Abstract

Prevalence of hepatitis C virus (HCV) infection is high in
patients with end-stage renal dysfunction, including patients
undergoing hemodialysis (HD). The HCV infection itself can
cause glomerulonephritis and puts individuals at increased
risk of developing end-stage renal disease; fortunately, suc-
cessful HCV eradication sometimes restore HCV-related renal
dysfunction. Moreover, the prognosis of dialysis patients
infected with HCV is significantly worse and the renal allograft
survival in HCV-infected patients is also worse than in dialysis
patients without HCV infection. If life prognosis is favorable,
therefore, anti-HCV therapy is strongly recommended for
HCV-infected patients with severe renal dysfunction. The
standard therapy for HCV-infected patients with severe renal
dysfunction has historically been interferon-based therapy.
However, this therapy remains ineffective in achieving high,
sustained viral response rates and the rate of adverse events
and treatment discontinuation due to treatment-induced
adverse events continues to be high in patients with severe
renal dysfunction. Safe and effective anti-HCV therapies are
urgently needed, and crucial, for patients with severe renal
dysfunction. Recently, direct-acting antivirals (DAAs) that
specifically target viral proteins have been developed, and
these targets include the NS3, NS5A, and NS5B of HCV. Clinical
trials have revealed high efficacy and safety of the DAA-based
therapies, but patients with severe renal dysfunction were
not included in the majority of these trials. However, several
recent reports have shown high efficacy and safety for some
regimens of DAA combination therapy for HCV-infected
patients with severe renal dysfunction. In this review, we
discuss novel treatments for HCV-infected patients with severe
renal dysfunction and the pharmacokinetics of these drugs.
© 2016 The Second Affiliated Hospital of Chongqing Medical
University. Published by XIA & HE Publishing Inc. All rights
reserved.

Introduction

Hepatitis C virus (HCV) infection affects approximately
130–150 million people worldwide and is one of the primary
factors of liver cirrhosis and hepatocellular carcinoma.1–3 The
rate of HCV infection is generally high in patients with end-
stage renal dysfunction, including patients on hemodialysis
(HD).4,5 However, the reported prevalence of HCV infection
among HD patients varies from 5% to approximately 60% in
different countries.6–9

HCV infection sometimes causes extrahepatic disorders,
including lymphoma, lichen planus, diabetes mellitus and
renal dysfunction.10 In addition, HCV infection is the primary
cause of mixed cryoglobulinemia, which is known to induce
membrane-proliferative glomerulonephritis,11 and causes
increased risk of developing end-stage renal disease.12

Successful HCVeradication restores the HCV-related renal dys-
function,13,14 as has been confirmed by a large cohort study.
Hsu et al.15 reported that the 8-year cumulative incidence of
end-stage renal disease was significantly lower in HCV-infected
patients treated with anti-HCV therapy than in the untreated
control group (0.15% vs. 1.32%); in addition, the anti-HCV
therapy was also found to significantly suppress acute coro-
nary syndrome and ischemic stroke.

The prognosis of HCV-infected patients on HD is also
significantly worse than that of non-HCV-infected dialysis
patients.16–18 A recent meta-analysis of seven studies involv-
ing 11,589 HD patients showed that HCV infection was
an independent risk factor of mortality in HD patients.19 In
addition, anti-HCV is mandatory in HCV-infected patients
who are candidates for kidney transplantation because the
chance of renal allograft survival is worse in HCV-infected
patients than in non-HCV-infected patients.20 Thus, HCV-
infected patients with chronic renal dysfunction have an addi-
tional indication for HCV eradication therapy. The Kidney
Disease Improvement Global Outcome (KIDIGO) and
Japanese Society for Dialysis Therapy (JSDT) highly recom-
mend anti-HCV therapy for dialysis patients with an HCV
infection, if life prognosis is favorable.21,22 Moreover, the
demographic profile of HCV-infected patients has shown a
trend in increasing age, year by year,23,24 and the number
of cases with renal dysfunction are expected to increase
over time due to age-related decline in the renal function.25

The standard therapy for HCV-infected patients with severe
renal dysfunction has historically been interferon (IFN)-based
therapy. However, this therapy remains incapable of achieving
a high rate of sustained viral response (SVR), even for patients
with normal renal function.26–28 Host factors, such as the
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IL-28B genotype29 or hepatitis viral protein-induced IFN signal-
ing impairment, are considered responsible for this failure.30,31

In addition, IFN-based therapies are associated with adverse
events(AEs)andoftreatmentdiscontinuationduetotreatment-
induced AEs, with especially high rates in patients with severe
renal dysfunction, as compared to patients with normal renal
function. Therefore, safe and effective anti-HCV therapies are
urgently needed and critical for patients with severe renal
dysfunction, including dialysis patients.

Bartenschlager et al.32 developed an HCV replicon system
in 1999, which along with the advancements in the structural
analyses of HCV proteins, led to rapid progress in the develop-
ment of direct-acting antivirals (DAAs). DAAs directly target
viral proteins and, as such, mainly consist of three classes
for combating HCV infection: those that inhibit the HCV NS3
protein, which has protease activity; those that inhibit the
HCV NS5A protein; and those that inhibit the NS5B protein,
which has polymerase activity.

A number of clinical trials have revealed that the IFN-free
DAA combination therapies lead to significant improvements
in SVR rates and safety;33–37 unfortunately, however, patients
with severe renal dysfunction were excluded from the majority
of these trials. Additionally, in DAA combination therapy, DAAs-
resistant cases,38,39 drug-drug interaction and drug excretion
(Fig. 1) should be carefully monitored. Several recent studies
have shown efficacy and safety for the IFN-free DAA combina-
tion therapy when used in HCV-infected patients with severe
renal dysfunction40–42 (Table 1). According to these data, the
standard therapy for HCV-infected patients with severe renal
dysfunction could change from the traditional IFN-based strat-
egy to the IFN-free DAAs strategy, similar to that used in
patients with normal renal function.

In this review, we discuss the traditional and novel treat-
ments for HCV-infected patients with severe renal dysfunction
and the pharmacokinetics of these drugs.

IFN-based therapy

Outline of IFN-based therapy for patients with renal
dysfunction

Before the development of DAAs, pegylated (PEG)-IFN mono-
therapy or in combination with ribavirin (RBV) was the stand-
ard therapy for chronic HCV infection. IFN-based therapy was
also the standard therapy for patients with renal dysfunc-
tion.22 In patients with severe renal dysfunction, the clearance
of IFN and RBV is reduced, because these drugs are mainly
excreted renally.43 In addition, because of the high molecular
weight of INF, HD is unable to remove significant amounts
of it. Moreover, patients with renal dysfunction often have
anemia or other complications, and INF- or RBV-induced AEs
become more problematic.

Efficacy and safety of IFN monotherapy for patients
with renal dysfunction

IFN monotherapy

In 2008, Gordon et al.27 reported a meta-analysis of clinical
trials using INF monotherapy for hepatitis C treatment in
patients on chronic HD. A total of 20 clinical studies between
1966 and 2007 were analyzed. The SVR rates ranged from
19% to 71% and the overall SVR rate was 41% [95% confi-
dence interval (CI): 33–49]. In addition, the overall treatment
discontinuation rate was relatively high, at 26% (95% CI:
20–34).

PEG-INF monotherapy

In 2015, Fabrizi et al.44 reported a meta-analysis of clinical
trials using PEG-INF monotherapy for hepatitis C treatment in

Fig. 1. Anti-HCV drugs and excretion.
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patients on chronic HD. They analyzed 744 patients from
24 clinical studies, including 5 randomized control studies
performed between 2006 and 2014. Overall, the estimated

SVR was 40% (95% CI: 35–46). The dropout rate was 14%
(95% CI: 9–20). The most frequent AEs requiring discontin-
uation of treatment were hematological and gastrointestinal

Table 1. Overview of the efficacy and safety of IFN-free DAAs combination therapies

Treatment regimen
(treatment duration) Patients HCV GT Number

SVR rate (%)
(ITT) SAE (%)

Treatment
discontinued
rate (%) Special notes

Grazoprevir/elbasvir (12 weeks)

(Roth et al.)40 CKD 4/5
including
HD

GT1 122 94.2
(115/122)

14.4
(16/111)

0 Adverse
effects were
comparable to
placebo
control group

Paritaprevir/ritonavir/ombitasvir, and dasabuvir with or without RBV (12 weeks)

(Pockros et al.)41 CKD 4/5
including
HD

GT1 20 90 (18/20) 20 (4/20) 0 RBV add-on in
patients with
GT1a HCV
infection

Daclatasvir/asunaprevir (24 weeks)

(Suda et al.)42 HD GT1 21 95.5 (20/21) 5 (1/21) 5 (1/21)

(Toyoda et al.)72 HD GT1b 28 100 (28/28) 0 3.6 (1/28)

(Kawakami et al.)68 HD GT1 18 100 (18/18) 5.5 (1/18) 0

Sofosbuvir-based therapy

SOF/PEG-IFN/RBV,
SOF/RBV,
SOF/SMV,
SOF/SMV/RBV
(Saxena et al.)79

eGFR < 45 GT1-6 73 83 (53/64) 22 (16/73) 7 (5/73) Patients with
reduced renal
function
experienced
more
frequently,
worsening of
the renal
function and
serious
adverse
effects

eGFR < 30 GT1-3 17 88 (15/17) 18 (3/17) 6 (1/17)

SOF/SMV (12 weeks)
(Nazario et al.)80

eGFR < 30
including
HD

GT1 17 100 (17/17) 0 0

SOF/SMV (12 weeks)

SOF/LDV (12 weeks)

(Singh et al.)83 HD GT1,3,4 8 87.5 (7/8) 0 0

SOF/PEG-IFN/RBV,
SOF/RBV,
SOF/SMV,
SOF/SMV/RBV
(Beinhardt et al.)84

HD GT1,3,4 10 90 (9/10) 50 (5/10) 0

SOF/LDV
SOF/SMV
SOF/DCV
SOF/RBV
(12–24 weeks)
(Desnoyer et al.)74

HD GT1,2 12 83% (10/12) 0 0

Abbreviations: DAAs, direct-acting antivirals; HD, hemodialysis; HCV, hepatitis C virus; IFN, interferon; PEG-IFN, pegylated-interferon; SOF, sofosbuvir; RBV, ribavirin; SMV,
simeprevir; LDV, ledipasvir; eGFR, estimated glomerular filtration rate; GT, genotype; SVR, sustained viral response; SAE, serious adverse event.
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problems. The authors concluded that the efficacy and safety
of PEG-INF monotherapy for dialysis patients with severe
renal dysfunction was unsatisfactory.

Efficacy and safety of IFN and RBV for patients with
renal dysfunction

In 2014, Fabrizi et al.45 reported ameta-analysis of clinical trials
using PEG-INF and RBV for hepatitis C treatment in patients on
chronic HD. They analyzed 287 patients from11 clinical studies,
including 2 control studies, performed between 1998 and
2013. Overall, the estimated SVR was 60% (95% CI: 47–71).
The dropout rate was 18% (95% CI: 8–35). The most frequent
AEs requiring discontinuation of treatment were anemia
(11/46, 23%) and infections (6/46, 13%).

However, in some countries, RBV administration is contra-
indicated in patients with severe renal dysfunction, because
RBV is eliminated through the kidney and cannot be elimi-
nated by dialysis.21,43

IFN-based therapy with HCV NS3 protease inhibitors
for patients with renal dysfunction

The first-generation protease inhibitors, including telaprevir,
boceprevir and the PEG-IFN and RBV combination therapy,
could achieve an SVR rate of 75% to 85% in patients with
normal renal function.46–48 However, severe AEs, including
cutaneous rash,49 anemia and renal impairment,50 were
reported. The data regarding the triple antiviral therapy for
HCV-infected patients with renal dysfunction are limited,51–55

but the reported SVR rates have varied between 17% and 86%
and the dropout rates have varied between 10% and 20%.

IFN-free DAA combination therapy

In the case of DAA administration to patients on HD, special
attention should be paid to drug-drug interaction, because
these patients usually receive various drugs. Caution is neces-
sary, especially for ritonavir administration, which inhibits
CYP3A4.

Grazoprevir and elbasvir combination therapy for HCV-
infected patients with renal dysfunction

Grazoprevir is an HCV NS3 protease inhibitor with broad
in vitro activity against multiple HCV genotypes and resistance
variants.56 Grazoprevir is administered at a dose of 100 mg
once a day and is a substrate of CYP3A4, P-gp and OATP. This
drug is eliminated mostly through liver, with less than 1%
excreted renally.57 Elbasvir is an HCV NS5A inhibitor with
potent multiple genotypic antiviral activity in vitro.58 Elbasvir
is administered at a dose of 50 mg once a day and it is also a
substrate of CYP3A4, P-gp and OATP.57 Similar to grazoprevir,
elbasvir is mainly metabolized through the liver, with less than
1% eliminated renally.57

The pharmacokinetics of elbasvir were studied in non-
HCV-infected dialysis subjects and subjects with severe renal
dysfunction, and then compared with healthy controls.57

The area under the curve (AUC) was 25% higher for the HD
subjects and 46% higher for the subjects with severe renal
dysfunction, compared with the controls. In the pharmacoki-
netic analysis of grazoprevir in HCV-infected patients, the
AUC was 10% higher for the HD patients and 40% higher
for the patients with severe renal impairment, compared to

the controls. In addition, elbasvir and grazoprevir are not
removed by HD.

Several trials showed high efficacy and safety of elbasvir
and grazoprevir for HCV-infected patients with various com-
plications.40,59–62 In a phase 3 trial for patients with genotype
1 or 4HCVandHIV co-infection (C-EDGECO-INFECTION),when
this combination therapy was administered for 12 weeks an
SVR rate of 96%was achieved (210/218).63

The C-SURFER is a phase 3 randomized study designed to
evaluate the safety and efficacy of grazoprevir and elbasvir
combination therapy for genotype 1 HCV-infected patients with
severe renal dysfunction (stage 4–5 chronic kidney disease
(CKD), including HD patients).40 Two-hundred-and-twenty-four
patients with severe renal dysfunction were randomly assigned
to receive grazoprevir and elbasvir for 12 weeks (n = 111) or
placebo (deferred treatment group, n = 113). In addition, 11
patients were not randomized and received the dual therapy,
and they underwent intensive pharmacokinetic evaluation. Of
these 235 patients, 179 (76%) needed HD, 122 (52%) had
HCV genotype 1a infection, 14 (6%) were cirrhotic, 80 (34%)
had diabetesmellitus and 108 (46%) were African American. In
patients treated with grazoprevir and elbasvir, the SVR12 rate
(ITT analysis) was 94.3% (115/122). And, in the modified full
analysis set (excluding patients who failed to receive one or
more doses of drug due to issues unrelated to the hepatitis C
treatment), the SVR12 rate was 99% (115/116). In the safety
analysis, no patients in the grazoprevir and elbasvir therapy
group were found to have discontinued because of an AE. On
the contrary, in the control group, 5 (4%) patients discontinued
the placebo treatment due to AEs. In the grazoprevir and elbas-
vir therapy group, AEs were reported for 76% of the cases;
however, these results were comparable with the placebo
group (84%). Thus, the C-SURFER study indicated that grazo-
previr and elbasvir for 12 weeks was safe and effective, even in
patients infected with HCV genotype 1 and stage 4–5 CKD.

Paritaprevir (PTV)/ritonavir, ombitasvir (OBV), and
dasabuvir (DSV) with or without RBV combination
therapy for HCV-infected patients with renal
dysfunction

OBV is an HCV NS5A inhibitor, PTV is a second-generation
NS3 protease inhibitor, ritonavir is the pharmacokinetic
enhancer that is a CYP3A inhibitor, andDSV is a non-nucleoside
NS5B polymerase inhibitor. PTV, ritonavir and OBV are admin-
istered at a dose of 150 mg, 100 mg and 25 mg once a day,
respectively.DSV,however, isadministeredatadoseof250mg
twice a day. PTV is a substrate of CYP3A4/5, P-gp, OATP1B1
and OATP1B3 and is metabolized mainly through the liver.64

The single-dose pharmacokinetics of PTV were studied in non-
HCV-infected subjects with severe renal dysfunction, and com-
pared with subjects with normal renal function. The AUC values
increased by 45% in subjects with severe renal dysfunction,
compared with the controls.64 Ritonavir is administered to
inhibit CYP3A4, resulting in enhancement of the PTV effect. The
single-dose pharmacokinetics of ritonavir were studied and
the AUC values increased by 114% in subjects with severe
renal dysfunction, compared with the control subjects. OBV is
metabolized mainly by amide hydrolysis and oxidative metabo-
lism, and biliary excretion is the major elimination route. The
result of single-dose pharmacokinetic study of OBV indicated
that the AUC values were similar between subjects with severe
renal dysfunction and controls. DSV is a substrate of CYP3A4,
P-gp, BCRP and organic cation transporter 1, and is mainly
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metabolized throughthe liver.Thesingle-dosepharmacokinetics
of DSV were studied and the AUC values increased by 50% in
subjects with severe renal dysfunction, compared with the
control subjects.64

In clinical trials, this regimen showed a high rate of
SVR12.

36,65,66 However, patients with severe renal dysfunc-
tion were not included. Recently, the RUBY-I study investi-
gated the safety and efficacy of these combination therapy
in patients with stage 4 or 5 CKD.41 This prospective multi-
center study included 20 treatment-naive patients with HCV
genotype 1 infection and without cirrhosis. Six patients with
CKD stage 4 and 14 patients with CKD stage 5 or who were on
HD were included. Fourteen patients (70%) had the IL-28B
non-CC genotype and 4 patients (20%) had F3 liver fibrosis.
Thirty-three patients with HCV genotype 1a were treated with
this combination therapy and RBV and 7 patients with HCV
genotype 1b infection were treated with the combination
therapy alone. Overall, 90% (18/20) of the patients achieved
SVR12 (95% CI: 69.9–97.2). One patient died after finishing
the treatment, due to issues unrelated to the treatment,
and 1 patient experienced virological relapse. In the safety
analysis, all 20 patients were found to have completed the
12 weeks of treatment. Ninety-five percent of the enrolled
patients experienced AEs; however, they were mostly mild
or moderate and no patient discontinued treatment due to
AEs. A common AE was anemia in the RBV add-on group,
and RBV therapy was interrupted in 9 patients due to anemia.

Asunaprevir (ASV) and daclatasvir (DCV) combination
therapy for HCV infected patients with renal
dysfunction

DCV is a first-in-class NS5A inhibitor and has potent pan-
genotypicantiviralactivity invitro.67ASV isasecond-generation
NS3 protease inhibitor and has antiviral activity against
multiple HCV genotypes in vitro. ASV is administered at a
dose of 100 mg twice a day, and is metabolized by CYP3A
and eliminated mostly in the feces.37 The pharmacokinetics
of ASV were studied in non-HCV-infected dialysis subjects
and compared with healthy controls.37 The Cmax was 28.6%
higher and the AUCwas 10.1% lower in dialysis subjects, com-
pared with the controls. Recently, Kawakami et al.68 reported
the ASV pharmacokinetics determined in HCV-infected dialy-
sis patients and compared with HCV-infected patients with
normal renal function. The AUC from 0 to 6 h (AUC 0–6 h) of
ASV was significantly lower in HD patients than in the controls
(1345 ± 741 lgh/mL vs. 4769 ± 1964 lgh/mL). DCV is admin-
istered at a dose of 60 mg once a day, and is metabolized by
CYP3A and eliminated mostly in the feces (88%).69 The phar-
macokinetics of DCV were also studied in non-HCV-infected
dialysis subjects and compared with healthy controls.69 The
AUC was 26.9% higher in dialysis subjects, compared with
the controls.

In phase 3 trials for patients with genotype 1b infection,
the DCV/ASV combination therapy for 24 weeks achieved a
high SVR rate (82–95%).39,70,71 However, data of efficacy
and safety for HCV-infected patients with renal dysfunction
were not obtained in these clinical trials. This regimen has
been approved in several countries and the real-world out-
comes have already been reported, including the efficacy
and safety of this combination therapy for HD patients.42,68,72

We reported the efficacy and safety of DCV/ASV combination
therapy from a study of 21 HCV-infected dialysis patients.42

A total of 95.5% (20/21) of the patients achieved SVR12. Of

the 21 patients on dialysis, 3 had NS5A RAVs-Y93H and all of
the patients with NS5A RAVs achieved SVR12. On the other
hand, 1 patient with NS3 D168E RAVs at baseline experienced
relapse at 4 weeks post-treatment. In the safety analysis,
95.5% of the enrolled patients completed the 24 weeks of
therapy and no patient had lethal AEs. One patient discontin-
ued treatment due to an elevated alanine aminotransferase
(ALT) level. ALT elevations were observed in 14.3% of the
patients, and this result is comparable with a phase 3 study
conducted in Japan.39

Toyoda et al.72 used propensity score matching to compare
the efficacy and safety of the DCV/ASV combination therapy
in 28 patients on HD with those of 56 patients without renal
dysfunction. They showed that the rate of SVR12 was 100%
(28/28) for the dialysis patients (94.6% for the patients with
normal renal function) and that serum HCV RNA disappeared
significantly earlier in the HD patients. In addition, they showed
that treatment-related AEs were comparable between the two
groups. Additionally, Kawakami et al.68 analyzed the pharma-
cokinetics of DCV and ASV in the dialysis setting and showed
a high efficacy of this combination therapy for dialysis patients,
with an SVR rate of 100% (18/18).

Sofosbuvir-based therapy for HCV-infected patients
with renal dysfunction

Sofosbuvir is a potent nucleoside NS5B polymerase inhibitor
that has high genetic barrier and high efficacy. Sofosbuvir
is usually administered at a dose of 400 mg once a day
combined with other DAAs, such as the NS5A inhibitors
ledipasvir or DCV, and the NS3 protease inhibitor simeprevir
or RBV. Sofosbuvir is firstly metabolized to a pharmacologi-
cally active nucleoside analog triphosphate GS-461203.73

Subsequently, GS-461203 is metabolized to the inactive
metabolite GS-331007. Importantly, this GS-331007 is
mainly excreted through the kidney. The single-dose pharma-
cokinetics of sofosbuvir were studied in non-HCV subjects
with moderate (estimated glomerular filtration rate (eGFR)
between 30–50 mL/min/1.73 m2) or severe renal impairment
(eGFR less than 30 mL/min/1.73 m2) and in HD subjects, and
compared with subjects with normal renal function. The
sofosbuvir AUC was 107% and 171% higher in the patients
with moderate and severe renal impairment, compared with
the control subjects. The GS-331007 AUC was 88% and
451% higher in the patients with moderate and severe renal
impairment, respectively. In the dialysis subjects, the sofos-
buvir AUC was 28−60% higher, compared to the control sub-
jects, when sofosbuvir was administered before or after HD.
The GS-331007 AUC in the dialysis subjects was 1280% or
2070% higher than in the control subjects when sofosbuvir
was administered before or after HD.73 Thus, exposure of
sofosbuvir and of the metabolite GS-331007 are considered
to be quite increased in patients with renal dysfunction. Quite
recently, Desnoyer et al.74 reported the pharmacokinetics and
safety of a sofosbuvir-containing regime in dialysis patients.
They showed that sofosbuvir plasma concentrations were
never detectable before and after the HD and, on the contrary
to previously reported results in patientswithnormal renal func-
tion, higher GS-331007 plasma concentrations were observed.
However, no GS-331007 accumulation was observed, and the
regimen was well tolerated generally. Nevertheless, until now
sofosbuvir has not been recommended for patients with renal
dysfunction, and in some countries it is even contraindicated.75

Further large-number studies are necessary.
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Several studies about sofosbuvir-based therapy for patients
with renal dysfunction have been recently reported.76–79

Saxena et al.79 reported the outcomes of sofosbuvir-based
therapy for patients with renal dysfunction by using the HCV-
TARGET database, which is a multicenter, real-world cohort. Of
the 1789 enrolled patients, 73 had eGFR of less than 45 mL/
min/1.73 m2 (18 patients with eGFR # 30 mL/min/1.73 m2

and 5 patients on dialysis). These patients were compared to
1716 patients with eGFR > 45 mL/min/1.73 m2. The included
treatment regimen was sofosbuvir/simeprevir at 40%,
sofosbuvir/RBV at 30%, sofosbuvir/PEG-INF/RBV at 18% and
sofosbuvir/simeprevir/RBV at 11%; all patients with eGFR
# 45 mL/min/1.73 m2 were treated with sofosbuvir 400 mg
once a day. Patients with baseline eGFR # 45 mL/min/
1.73 m2 had a significantly higher rate of cirrhosis (73%) as
compared with the control group (24%). SVR12 was achieved in
53 of the 64 (83%) patients with eGFR < 45 mL/min/1.73 m2;
this was comparable to patients with eGFR > 45 mL/min/
1.73 m2. In addition, 15 of the 17 (88%) patients with eGFR
# 30 mL/min/1.73 m2 and all 5 patients on HD at baseline
achieved SVR12. However, in the safety analysis, the patients
with eGFR # 45 mL/min/1.73 m2 were found to have experi-
enced significantly higher rates of anemia (31%), worsening
of the renal function (10%), and any serious AEs (18%). The
authors concluded that patients with renal impairment need
close expert monitoring.

On the other hand, Nazario et al.80 reported that 15 dialysis
patients and 2 patients with severe renal dysfunction all
achieved SVR12, with only mild AEs experienced by patients
on the sofosbuvir and simeprevir combination therapy. Singh
et al.83 reported that 8 dialysis patients received sofosbuvir-
based therapy (4 patients with ledipasvir and 4 patients with
simeprevir) and 7 (88%) achieved SVR12. In addition, some
studies on sofosbuvir plus RBV or ledipasvir/sofosbuvir in
adults with HCV infection and renal insufficiency are still
ongoing (NCT01958281). Thus, the results of the clinical
trials are expected.

Conclusion

In this review, we described the efficacy, safety and pharma-
cokinetics of novel anti-HCV drugs in patients with severe
renal dysfunction. These data reveal that grazoprevir/elbasvir
combination therapy, PTV/ritonavir/OBV with or without DSV
therapy, and DCV/ASV combination therapy are highly effec-
tive and safe for patients with severe renal dysfunction.
Sofosbuvir is highly effective and has high genetic barrier,
thus representing one of the key drugs for anti-HCV therapy;
however, data on sofosbuvir treatment for patients with
severe renal dysfunction are still pending. The results of
ongoing clinical trials are expected. Therefore, the use of
sofosbuvir to treat HCV-infected patients with eGFR < 30 mL/
min/1.73 m2 or on-dialysis remains off-label and should be
left to experienced physicians or centers, and administered
with full consent of the treated patients.

Timing of HCV treatment in a kidney transplant candidate
might depend on the waiting time for the kidney transplant. If
the waiting time is lengthy, prompt DAAs therapy is necessary,
because of several treatment benefits, including restored liver
function.42 On the other hand, if the waiting time is short,
because favorable outcomes of either pre- or post-kidney
transplant DAAs treatment have been reported,40–42,72,81

both timing could be selected.

According to the emerging data, the standard therapy for
HCV-infected patients with severe renal dysfunction will likely
change from IFN-based therapy to IFN-free DAAs-based
therapy. However, the data to date have been mainly limited
to genotype 1-infected patients with severe renal dysfunc-
tion. Therefore, if a good prognosis is expected, dialysis
patients with genotype 1 HCV infection should be considered
for DAAs therapy. In dialysis patients with HCV infection other
than genotype 1, except for dialysis patients for whom prompt
treatment would be required, waiting for the next-generation
DAAs would be the optimal treatment option; this is because
clinical trials on the next-generation pan-genotypic DAAs
therapy, which are expected to be possible to administer in
patients with renal dysfunction, are underway.82 In addition,
real world data are still limited. Further investigations are still
necessary.
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