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Abstract

Sofosbuvir-based direct-acting antiviral therapy revolutionized the treatment of hepatitis C virus
(HCV) infection; however, sofosbuvir use is not approved for patients with severe renal
insufficiency [estimated glomerular filtration (eGFR) rate below 30 mL/min] or end stage renal
disease (ESRD) based on concerns raised during premarket animal testing over hepatobiliary and
cardiovascular toxicity in this population. We report the first published data on use of sofosbuvir-
based regimens in patients with severe renal insufficiency and ESRD focusing on clinical efficacy
and safety. Six patients were treated with full dose sofosbuvir; three received sofosbuvir and
simeprevir, two received sofosbuvir and ribavirin and one received sofosbuvir, ribavirin, and
interferon. Three of the patients had cirrhosis. On-treatment viral suppression was 100% and
sustained virological response (SVR) rate at twelve weeks was 67%. One patient had to
discontinue antiviral therapy early due to side effects. No hepatobiliary or cardiovascular toxicity
was reported.
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Introduction

Methods

The approval of the first-in-class, pangenotypic, NS5B inhibitor sofosbuvir in 2013
revolutionized the treatment of hepatitis C virus (HCV) infection by leading to high rates of
SVR with few side effects [1]. The use of sofosbuvir is restricted to patients with an eGFR
of at least 30 mL/min because it has not been studied in patients with an eGFR below 30
mL/min. The active metabolite of sofosbuvir, GS331007, is eliminated by the kidney, and
levels of sofosbuvir and GS331007 are substantially higher in patients with severe renal
impairment (eGFR < 30 mL/min) or ESRD on hemodialysis [2]. The potential toxicity of
these elevated drug and metabolite levels in humans remains unknown; however, premarket
animal testing has raised concerns for cardiovascular and hepatobiliary toxicity at higher
levels of sofosbuvir dosing [2].

The prevalence of HCV infection is significantly higher in patients with severe renal
insufficiency than in those with normal kidney function. The discrepancy is most
pronounced in patients on hemodialysis for whom the worldwide prevalence of HCV
infection is 13.5%, compared with 3% in the general population [3]. Studies suggest a 34%
increase in all-cause mortality in patients with ESRD who are HCV-infected, compared with
those who are uninfected, attributable not only to liver-disease related death, but also to
increased cardiovascular mortality [4]. According to the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines, the decision to treat HCV infection in patients with severe
kidney insufficiency should be done on a case-by-case basis, taking into account the
anticipated risks and benefits of HCV therapy and the patient’s life expectancy,
comorbidities, and candidacy for kidney transplantation [5]. For patients with severe renal
insufficiency, approved HCV treatment options are currently limited to standard interferon
alone, pegylated interferon alone, or pegylated interferon plus low-dose ribavirin. These
regimens have low rates of SVR and unacceptably high side-effect profiles compared with
newer antiviral regimens now available to the general population of patients with HCV
infection [6,7]. To our knowledge, the only available data on sofosbuvir-based regimens in
this population are published in abstract form and report high rates of SVR but increased
adverse effects [8,9]. Given how limited the current data are, the purpose of this study is to
report the first published data on sofosbuvir-based regimens in patients with an eGFR below
30 mL/min, particularly with regard to clinical efficacy and safety by characterizing our
center’s experience.

This is a retrospective case series that includes patients with HCV infection and an eGFR
below 30 mL/min who began sofosbuvir-based antiviral therapy between January 2014 and
September 2014 within Partners HealthCare in Boston, MA. Cases were identified using the
Research Patient Data Registry at Partners Healthcare. The electronic medical records of the
patients were reviewed for demographics, clinical characteristics, and laboratory and
pathologic findings. All patients had detectable HCV RNA in serum. Cases were defined as
having a baseline eGFR below 30 mL/min or being on hemodialysis at the time of initiation
of sofosbuvir therapy. Baseline laboratory values were the most recent values available prior
to initiation of antiviral therapy. Post-treatment laboratory values were obtained 12 weeks
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after completion of therapy. The eGFR was calculated based on the serum creatinine
measurement prior to the initiation of treatment using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula. Patients were considered to have cirrhosis
by liver biopsy (Ishak stage five or six) or if the treating physician determined that cirrhosis
was likely based on clinical findings, imaging, and/or non-invasive fibrosis score (FibroSure
[LabCorp; Burlington, NC] or FibroScan [Echosens; Paris, France]). The cause of renal
disease was determined based on a renal biopsy specimen or on documentation by the
treating physician. Adverse events were determined through review of clinical notes and
laboratory values throughout the treatment period. Cardiovascular toxicity was defined as
any documentation of myocardial infarction, angina, congestive heart failure, stroke, or
arrhythmia during or after antiviral treatment. Hepatobiliary toxicity was defined as
aminotransferase or alkaline phosphatase level elevation during or after antiviral treatment
to 1.5-fold pre-antiviral treatment therapy levels. The indication for HCV treatment was
determined by chart review. The Institutional Review Board of Partners Healthcare
approved this study.

Six HCV infected patients with an eGFR < 30 mL/min or on hemodialysis were treated with
a sofosbuvir-based regimen. The patients had a mean age of 60+14 years. Five were male,
five were white, and one was black (Table 1). The average duration of HCV infection prior
to initiation of sofosbuvir was 30+4 years. Three patients were treatment naive, two patients
had a relapse following prior treatment, and one was intolerant to ribavirin because of
anemia. Three of the patients had cirrhosis, and one had undergone orthotopic liver
transplantation due to hepatocellular carcinoma. All patients were infected with HCV
genotype 1. The median pretreatment serum viral level was 2,990,000 1U/mL (interquartile
range 330,000 to 4,770,000). Two of the patients had ESRD and were on hemodialysis; the
mean eGFR in the remaining four patients was 27+2 mL/min. The mean baseline
hemoglobin level was 11.5+1.3 g/dL (Table 1).

Treatment Safety and Efficacy

All patients received an antiviral regimen that included sofosbuvir at a dose of 400 mg once
daily. Three patients received sofsobuvir and simeprevir, two patients received sofosbuvir
and ribavirin, and one patient received sofosbuvir, ribavirin, and pegylated interferon. Four
patients were treated for 12 weeks and two patients were treated for 24 weeks (Table 1). The
patient treated with sofosbuvir, ribavirin, and pegylated interferon (Patient 2) discontinued
therapy four days prematurely due to anemia and leukopenia. Prior to discontinuation, this
patient’s ribavirin dosing had been reduced from 600 mg twice daily to 600 mg in the
morning and 400 mg in the evening at week 6 of antiviral therapy and then further reduced
to 400 mg twice daily at week 8 of antiviral therapy due to profound anemia requiring
multiple red blood cell transfusions. Indications for treatment included anticipation of renal
transplantation, advanced cirrhosis with prior hepatocellular carcinoma, recurrent HCV
infection in a transplanted liver, and cryoglobulinemic membranoproliferative
glomerulonephritis.
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HCV RNA was undetectable in serum by week 4 and remained undetectable during
treatment in all patients. There were no on-treatment viral breakthroughs. The SVR at 12
weeks post-treatment (SVR12) was 67%. Two relapses occurred after discontinuation of
treatment. The first patient (Patient 3) was treatment experienced with HCV genotype 1b
infection and cirrhosis; she received 24 weeks of sofosbuvir and ribavirin. The second
patient (Patient 4) was treatment naive, had unsubtypeable genotype 1 infection and
cirrhosis; he relapsed after a 12-week course of sofosbuvir and simeprevir.

The mean on-treatment nadir eGFR was 256 mL/min for the four non-hemodialysis
patients. At 12 weeks post-treatment their average eGFR was 37+13 mL/min. The mean on-
treatment nadir hemoglobin and post-treatment hemoglobin levels for five of the patients
(these data were unavailable for one patient) were 9.7+2.5g/dL and 11.4+1.7g/dL
respectively. Anemia developed in all three patients treated with ribavirin, all of whom were
taking erythropoietin-stimulating agents (ESA) prior to the start of antiviral therapy. In two
cases, the anemia was mild and did not necessitate blood transfusions or a change in ESA
dosing; the other patient developed significant anemia requiring biweekly blood transfusions
and an increase in the frequency of ESA dosing from monthly to weekly. The only patient
who received pegylated interferon also developed leukopenia, which was treated with
filgrastim. In one patient (Patient 3) treated with sofosbuvir and ribavirin, the eGFR
worsened during antiviral treatment and a renal biopsy performed two weeks after
completion of sofosobuvir and ribavirin revealed lupus-like immune complex glomerular
disease with tubulointerstitial nephritis; positive antinuclear, anti-histone, anti-double-
stranded DNA, and anticardiolipin antibodies and hypocomplementemia were detected in
the patient’s serum. In retrospect, she had a high antinuclear antibody titer (1:640) prior to
initiation of antiviral therapy, however during therapy was the first time she manifested
symptoms of lupus (joint pain, nephritis). She was treated with prednisone and
mycophenolate mofitil with improvement in renal function to a value significantly above her
pretreatment level, but experienced a relapse in HCV infection 4 weeks after sofosbuvir and
ribavirin were discontinued.

Discussion

To our knowledge, this is the first published series of patients with severe renal insufficiency
or ESRD treated with sofosbuvir-based antiviral therapy for chronic HCV infection. We
report 100% on-treatment viral suppression and an SVR12 rate of 67% with sofosbuvir-
based therapy. These results compare favorably to SVR rates with standard or pegylated
interferon monotherapy (SVR rates below 50%) [6,10] and pegylated interferon combined
with low-dose ribavirin (SVR rates approximate 60%) [7,11]. Sofosbuvir was prescribed at
full dose in all patients. Reported adverse effects included anemia and leukopenia, which
were seen only in patients treated with ribavirin and interferon-containing regimens,
respectively. Of the three patients treated with ribavirin, all developed anemia and one
(Patient 2) required multiple red blood cell transfusions and increased ESA dosing.
However, this patient’s ribavirin dosing was above that recommended for an eGFR below
30mL/min based on AASLD guidelines [12]. Notably, this same patient, who was treated
with sofosbuvir, ribavirin, and pegylated interferon, dropped out prior to completion of
antiviral therapy due to anemia and leukopenia. However, the dropout occurred with just 4
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days of antiviral therapy remaining and an SVR12 was still achieved. We recommend a
ribavirin dose of 200 mg daily in patients with eGFR < 30mL/min, as also recommended by
AASLD guidelines [12]. Also, one patient developed lupus-like immune-complex renal
injury with tubulointerstitial nephritis during the course of treatment that improved with
immunosuppression; however, positive lupus serologies predated antiviral therapy. It
remains unclear whether antiviral therapy contributed to the development of lupus nephritis.
No evidence of cardiovascular or hepatobiliary toxicity was noted in this study population,
although this series is too small to draw conclusions about safety.

Our study demonstrates that sofsbuvir-based antiviral therapy may be effective for
individuals with HCV infection and severe renal insufficiency both with and without
cirrhosis. This data is particularly valuable for renal transplant candidates, as HCV
eradication pre-transplant would lead to lower rates of post-transplantation liver disease [13]
and may prolong patient and graft survivals [14]. Of note, newer direct-acting antiviral
combination treatment regimens are becoming available, including ombitasvir/paritaprevir/
ritonavir/dasabuvir and grazoprevir/elbasvir, which are not renally cleared and have been
shown to be safe and efficacious in small study populations of patients with HCV genotype
1 and severe renal insufficiency or ESRD [15,16]. Despite their enhanced efficacy and
safety, a major limitation of direct-acting antiviral therapy is cost; this may be prohibitive
for patients with HCV infection and severe renal insufficiency in low-income countries. In
these cases, HCV treatment options may remain limited to standard interferon alone,
pegylated interferon alone, or pegylated interferon plus low-dose ribavirin. Further larger-
scale prospective studies are needed to explore the pharmacokinetics (including optimal
dosing, safety, and efficacy) and cost-effectiveness of the various regimens containing
direct-acting antiviral agents in patients with severe renal insufficiency and ESRD to
determine the optimal combination and duration of direct-acting antiviral therapy.
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