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Hepatitis C virus (HCV) is a small RNA ﬂavivirus that
was discovered in 1989 as the major cause of non-A,
non-B hepatitis. Untreated, acute HCV infection may
persist in up to 90% of patients, often with minimal
symptoms over years, only to later manifest as chronic
active hepatitis, cirrhosis, or hepatocellular carcinoma.
Chronic activation of the immune system by HCV can
also result in extrahepatic manifestations, such as GN,
arthralgia, purpura, and lymphoproliferative diseases,
frequently accompanied with essential mixed (types 2
and 3) cryoglobulinemia. The most common form of
glomerular disease associated with HCV is membranoproliferative GN. In laboratory examinations, hypocomplementemia, cryoglobulinemia, HCV-RNA, and
rheumatoid factor are frequently detected as well as
proteinuria, hematuria, and kidney dysfunction (1).
HCV is not uncommon in the patients with CKD, and
its presence is associated with increased risk for
progression to ESRD as well as increased morbidity
and mortality (2,3). Proteinuria due to overt or underdiagnosed cryoglobulinemia or arteriosclerosis induced by chronic inﬂammation could contribute to
the increased frequency of CKD. Early treatment of
HCV primarily consisted of IFN-based regimens (IFNa or pegylated IFN), often combined with ribavirin;
although remission could be obtained in the majority
of patients, side effects were often major (depression
and malaise from IFN and hemolytic anemia from
ribavirin), and relapse was common, especially in the
subject with CKD.
The major breakthrough occurred with the introduction of direct-acting antiviral agents that act on speciﬁc
molecules driving replication pathways of the virus.
The earliest agents were ﬁrst generation protease
inhibitors, such as boceprevir and telaprevir, but later,
antivirals were introduced aimed at second generation
protease inhibitors, NS5A inhibitors, and NS5B polymerase inhibitors in the nonstructural regions
(Figure 1). One agent, sofosbuvir (NS5B polymerase
inhibitor; Gilead Sciences), has been found to be quite
effective in treating HCV genotype 1 in patients
without CKD, especially when combined with NS3/4A
protease inhibitors or NS5A inhibitors. Thus, the
Cosmos Study reported that the combination of sofosbuvir and simeprevir (NS3/4A protease inhibitor;
Olysio; Janssen Therapeutics) resulted in 92%–94%
of patients having sustained virologic response (SVR)
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in patients without CKD with HCV genotype 1 (4).
Likewise, the combination of sofosbuvir with ledipasvir (NS5A inhibitor), also known as Harvoni (Gilead
Sciences), was reported to be highly effective, with an
SVR rate of 93%–99% in patients without CKD with
HCV genotype 1 (5).
A problem with sofosbuvir-based regimens is that
sofosbuvir is excreted primarily by the kidneys and
accumulates when eGFR is ,30 ml/min per 1.73 m2.
Nevertheless, there have been a few reports of successful treatment of HCV genotype 1 in the advanced
CKD, even in patients on dialysis with sofosbuvirbased regimens, but the numbers of patients were
very small (6). However, importantly, there have also
been reports of AKI with sofosbuvir-based regimens,
especially in patients with cirrhosis. Although AKI
may be due to concomitant use of agents, such as
nonsteroidal anti-inﬂammatory agents, one study
reported that, of 426 patients receiving direct-acting
antiviral agent with HCV infection without CKD, the
risk for AKI was 11% in the group receiving sofosbuvir-based regimens and 18% in the group receiving the
older telaprevir- or boceprevir-based regimens (7). It
is not known how much of this kidney injury is
hemodynamic, toxin based, or immune based, but at
least one report of steroid-responsive acute interstitial
nephritis has been reported in a subject receiving
sofosbuvir (8).
In this paper by Sise et al. (9), a sofosbuvir-based
regimen with either simeprevir or ledipasvir with or
without ribavirin was administered to 98 patients with
HCV infection and CKD stages 1–3. SVR was obtained
in 81%; it was higher in those with genotype 1b and
lower in those with genotypes 3 and 4, and it also
seemed to be more effective in patients with more
advanced CKD (which the authors posited may be due
to higher blood levels of sofosbuvir). In the patients
with CKD stage 3, there was a 9-ml/min per 1.73 m2
increase in eGFR at 6 months, suggesting reversibility
in many patients with HCV and CKD and an overall
beneﬁt. However, there was evidence of some AKI,
with a transient rise of serum creatinine of 0.3 mg/dl or
more in one quarter of subjects, with seven patients
having a rise in serum creatinine of 1.5 times greater
than baseline. Unfortunately, there was no control
group to determine if this was related to the treatments.
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Figure 1. | Schematic of hepatitis C virus and classification of direct-acting antiviral agents.

Although this study suggests that sofosbuvir may be
useful in the patient with CKD if monitored carefully, there
are other regimens that have come to market that are
effective in the subject with CKD. A combination treatment
consisting of elbasvir (NS5A inhibitor) and grazoprevir
(NS3/4A protease inhibitor), known commonly as Zepatier
(Merck), has been found to be effective for HCV genotypes 1
and 4 in the C-Surfer Trial, which enrolled 224 patients with
HCV genotype 1 infection and CKD stages 4 and 5 or on
dialysis (10). These agents are not excreted by the kidney, and
they were exceptionally effective (99.1% SVR at 12 weeks),
with minimal side effects. Indeed, Zepatier was Food and
Drug Administration (FDA) approved for HCV genotypes 1
and 4 in patients with CKD stage 4 or 5 or on dialysis in 2016.
Another combination agent that has been used in patients
with CKD is Viekira (Abbvie), which is a combination of
ombitasvir (NS5A inhibitor), paritaprevir (NS3/4A serine
protease inhibitor), ritonavir (CYP3A4 inhibitor, a booster of
protease inhibitor), and dasabuvir (NS5A inhibitor). In the
Ruby-1 Trial, 20 patients with CKD stage 4 or 5 or on dialysis
with HCV genotype 1 were treated for 12 weeks, with the
patients with HCV genotype 1a infection also receiving
ribavirin (200 mg daily) (11). The vast majority (18 of 20)
achieved SVR with no serious side effects, although anemia
was common in the ribavirin-treated group. Viekira is FDA
approved in the patient on dialysis with HCV genotype 1
infection and needs no dose adjustment.
However, the most promising combination therapy to
date is combination glecaprevir (NS3/4A protease inhibitor)
and pibrentasvir (NS5A inhibitor). This regimen was given
in the Expedition Trial to 104 patients with CKD stage 4 or 5
or on dialysis and included all HCV genotypes. In November
of 2016, the results were announced, and a 12-week course of
therapy was associated with 98% SVR, with minimal side
effects. The formal publication of this trial is being eagerly
awaited.

Antiviral treatment should also be a part of treatment of
HCV-associated GN and essential mixed cryoglobulinemia,
and a case report of successful remission in a Japanese
woman with cryoglobulinemic membranoproliferative GN
with yet another regimen (daclatasvir and asunaprevir)
has recently been reported (12). However, whether direct
antiviral agents should be used solely in the patient with
HCV-associated vasculitis or GN is questionable, because
immunosuppression is important to arrest the acute inﬂammatory components of the disease. Indeed, rituximabbased regimens seem to be the most beneﬁcial (13,14) as
summarized in a recent review by Cacoub and Comarmond
(15). It is suggested that optimized antiviral treatment alone
be used in mild to moderate disease. In addition to the
optimized antiviral treatment, rituximab is recommended
in severe conditions, including progressive kidney disease,
or patients with skin ulcers. In life-threatening conditions,
such as rapidly progressive GN, or with vasculitis involving
the central nervous system or lungs, the combination of
corticosteroids, plasma exchanges, and rituximab could be
considered.
In summary, HCV is now a curable disease. All patients
with HCV infection should be evaluated for potential
treatment. Sofosbuvir-based therapy may be useful in the
management of patients with CKD and HCV genotypes 1
and 4. However, we would like to see more studies investigating the potential nephrotoxicity of sofosbuvir. Furthermore, this latter regimen is not FDA approved in the
United States in the patient with CKD at this time. Alternative therapies are becoming available that may be safer and
more effective. We predict that HCV, like hepatitis B virus
and HIV, will slowly disappear as a major medical problem
for patients with kidney disease.
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See related article, “Effect of Sofosbuvir-Based Hepatitis C Virus
Therapy on Kidney Function in Patients with CKD,” on pages 1615–
1623.

