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5.1	 �Hepatitis C Virus and the Kidney

The prevalence of hepatitis C virus (HCV) infection in patients with renal diseases 
is higher compared to the general population [1]. Anti-HCV antibody positivity is 
higher among hemodialysis patients suggesting that dialysis may be a risk factor in 
transmission of HCV infection [2]. On the other hand chronic HCV infection is 
independently associated with the development of chronic kidney disease. Fabrizi 
et al. in their meta-analysis demonstrated that chronic HCV infection was associ-
ated with a 43% increase in the incidence of chronic kidney disease [3]. The depo-
sition of immune complexes (anti-HCV and HCV RNA) in the glomeruli appears 
to be responsible of the pathogenesis. The most common types are membranopro-
liferative glomerulonephritis usually associated with essential mixed cryoglobuli-
nemia and less frequently membranous nephropathy [4, 5]. The risk of progression 
to end-stage renal disease (ESRD) in patients with chronic HCV and chronic kid-
ney disease is also higher compared to general population [3]. According to the 
Kidney Disease Improving Global Outcomes (KDIGO) clinical practice guide-
lines, patients having chronic HCV infection diagnosis should be screened for kid-
ney disease and then followed up annually thereafter with urinalysis and serum 
creatinine level [3, 6].

Since HCV infection in ESRD patients may lead to increased risk of all-cause 
and liver-related mortality, HCV-infected patients with renal impairment should be 
considered for antiviral therapy [7].
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5.2	 �Patient Selection for Treatment

American Association for the Study of Liver Diseases (AASLD) and Infectious 
Diseases Society of America (IDSA) guidelines recommend treatment for all 
patients with chronic HCV infection except those with short life expectancies 
(<1 year) due to underlying comorbidities [8]. Although AASLD no longer rec-
ommends prioritization of antiviral treatment in specific populations, treatment 
should be primarily considered in some specified groups such as patients with 
advanced fibrosis and persons at greater risk for rapidly progressive fibrosis and 
cirrhosis, persons who have undergone liver transplantation, patients with extra-
hepatic manifestations including significant HCV-related kidney disease (mixed 
cryoglobulinemic vasculitis and HCV-related glomerulonephritis), and HCV-
infected persons at greatest risk for transmission. Treatment of chronic HCV 
infection may reverse proteinuria and nephrotic syndrome and may lead to resolu-
tion of cryoglobulinemia in most patients with extrahepatic manifestations. 
Therefore treatment of HCV-infected patients with especially mixed cryoglobuli-
nemic vasculitis and HCV-related glomerulonephritis may be crucial in terms of 
resolution of renal involvement [8].

5.2.1	 �Treatment Options

The selection of the most appropriate regimen depends on genotype, presence or 
absence of cirrhosis, prior treatment history, and, in patients with renal failure, 
degree of renal impairment [8, 9].

Chronic kidney diseases (CKD) can be classified into five stages according to the 
estimated glomerular filtration rate (eGFR) level:

•	 CKD stage 1 = normal (eGFR >90 mL/min per 1.73 m2)
•	 CKD stage 2 = mild CKD (eGFR 60–89 mL/min per 1.73 m2)
•	 CKD stage 3 = moderate CKD (eGFR 30–59 mL/min per 1.73 m2)
•	 CKD stage 4 = severe CKD (eGFR 15–29 mL/min per 1.73 m2)
•	 CKD stage 5 = end-stage CKD (eGFR <15 mL/min per 1.73 m2)

CKD stages listed above determine the dose adjustment and the selection of 
appropriate treatment regimen [8–10].

–– Patients with mild-to-moderate renal impairment (eGFR  ≥  30  mL/min per 
1.73  m2): No dosage adjustments are necessary for directly acting antiviral 
(DAA) agents in patients with mild-to-moderate renal impairment. These group 
of patients should be treated according to the general recommendations [10].

–– Patients with severe renal impairment (eGFR <30 mL/min per 1.73 m2) or on 
dialysis: Antiviral treatment should be evaluated on a case-by-case basis since 
some drugs are not safe in patients with severe renal failure [10].
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Combination therapy composed of pegylated interferon and ribavirin was previ-
ously the standard regimen for treatment of chronic HCV infection. Sustained viro-
logical response (SVR) rates were generally suboptimal (62–64%) in patients with 
renal disease or on dialysis and the toxicity rate was higher compared to the general 
population. Severe anemia rates (hemoglobin <8 g/dL) were significantly higher in 
the combination therapy group [11, 12]. With the advent of DAA agents having 
higher rate of SVR and lesser toxicity profile, interferon-based standard therapy has 
been replaced by new antiviral regimens. But still, pegylated interferon and ribavi-
rin may be the only alternatives for treatment in some regions of the world until drug 
costs decline and access is provided [10].

5.3	 �Safety of Antiviral Drugs in Renal Impairment

Although sofosbuvir and ribavirin are mainly eliminated by the kidneys, principal 
elimination route of the remaining DAA agents is biliary and does not require dose 
adjustments in case of renal impairment [8, 9].

5.3.1	 �Sofosbuvir

In patients with severe renal impairment the exposure to nucleoside metabolite of 
sofosbuvir is increased [9, 13]. Whereas levels of the drug and its metabolite among 
patients with eGFR ≥30 mL/min per 1.73 m2 are comparable to patients with nor-
mal renal function, drug levels are higher among patients with eGFR <30 mL/min 
per 1.73 m2 or with ERDS. Due to high exposure to the metabolite and safety con-
cern, sofosbuvir currently is not recommended in patients with severe renal impair-
ment (eGFR <30 mL/min per 1.73 m2) [8, 9].

5.3.2	 �Pegylated Interferon

Since half-life of the pegylated interferon increases in patients under hemodialysis 
this may lead to higher rate of adverse events [14, 15]. Pegylated interferon when 
used for treatment of chronic HCV infection in patients with renal impairment may 
lead to development or exacerbation of glomerulonephritis or vasculitis [16, 17]. 
Therefore dose reduction is required in case of renal failure and varies according to 
the formulation prescribed as stated below:

Pegylated interferon alfa-2a:
–– If CrCl <30 mL/min: The dose should be reduced to 135 mcg once weekly, and 

the patient should be monitored for side effects.
–– In case of ESRD requiring hemodialysis: The dose should be reduced to 135 mcg 

once weekly, and the patient should be monitored for side effects. If severe 
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adverse reactions or laboratory abnormalities develop, the dose should be 
reduced to 90 mcg once weekly until adverse reactions resolve [18].

Pegylated interferon alfa-2b:
–– If CrCl <50 mL/min: Dual therapy of pegylated interferon alfa-2b and ribavirin 

is not recommended.
–– If CrCl is 30–50 mL/min: Pegylated interferon alfa-2b is recommended as mono-

therapy and the dose should be reduced by 25%.
–– If CrCl is 10–29 mL/min or the patient is on hemodialysis: The dose should be 

reduced by 50%.

If renal function declines during treatment, the drug should be discontinued [19].

5.3.3	 �Ribavirin

In case of renal insufficiency, accumulation of ribavirin may lead to severe anemia 
even at lower doses. Although it was contraindicated in ESRD due to the risk of 
anemia, low doses of ribavirin increase SVR rates. Therefore dose adjustment is 
required in patients with severe renal insufficiency or ESRD [7, 20]. But the dose 
reduction recommendations differ according to the manufacturer:

–– The manufacturer of Rebetol contraindicated the use of ribavirin in patients with 
creatinine clearance of <50 mL/min. However the other manufacturer (Copegus) 
is approved in the United States for patients with ESRD and for those on hemo-
dialysis as reduced doses [21, 22]. If the hemoglobin level decreases to <8.5 g/
dL, ribavirin should be interrupted temporarily [7, 21, 22].

5.4	 �Efficacy of Antiviral Drugs in Renal Impairment

5.4.1	 �Pegylated Interferon and Ribavirin Combination Therapy

Pegylated interferon and ribavirin combination therapy was until recently the only 
treatment modality of chronic HCV infection but has been replaced currently by 
regimens including DAAs. But in resource-limited areas where DAAs are not avail-
able pegylated interferon and ribavirin may still be the only alternatives for 
treatment.

Fabrizi et  al., in their meta-analysis of 24 prospective studies including 529 
HCV-infected patients on hemodialysis, analyzed the efficacy of interferon-alpha 
monotherapy. SVR-48 rate was achieved in only 39% of cases [23]. However, stud-
ies evaluating the efficacy of pegylated interferon and reduced-dose ribavirin treat-
ment in Asian population revealed that SVR-24 rate was approximately 60% [11, 
12]. On the other hand, Rendina et al. in their study evaluating SVR-24 rate in 35 
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patients receiving pegylated interferon and ribavirin revealed that 97% of  
the patients achieved SVR at 24th week [24]. But it’s noteworthy that 54% of the 
patients were infected with genotypes other than genotype 1 and this may be the 
reason of the very high SVR rate.

Furthermore, it is well known from the clinical studies that patients with HCV 
genotype 2 or 3 infection usually have higher SVR rates than those with genotype 1 
or 4 infection [25].

Duration of treatment is 48 weeks for genotypes 1 and 4, and 24 weeks for geno-
types 2 and 3 [24, 25].

5.4.1.1	 �Sofosbuvir-Based Regimens
In patients with mild-to-moderate renal impairment (eGFR ≥30  mL/min per 
1.73 m2) no dose adjustments are required for sofosbuvir-based regimens. But in 
case of severe renal failure (eGFR <30 mL/min per 1.73 m2) data on the safety and 
efficacy of sofosbuvir-based regimens are limited [8, 9].

In an international prospective observational cohort study (TARGET), safety and 
efficacy of sofosbuvir-containing regimens in patients with mild-to-severe renal dys-
function (eGFRs <30, 31–45, 46–60, and >60 mL/min per 1.73 m2) have been evalu-
ated in real-world settings. A total of 1789 patients were enrolled in the study; 73 with 
eGFR ≤45 mL/min per 1.73 m2 (18 with eGFR ≤30 mL/min per 1.73 m2, 5 on dialy-
sis) were compared to 1716 with eGFR >45 mL/min per 1.73 m2. Antiviral regimens 
included in this study were sofosbuvir + pegylated interferon + ribavirin, sofosbu-
vir + simeprevir, sofosbuvir with or without ribavirin, or sofosbuvir + ribavirin. SVR 
rates were similar, ranging from 82 to 83% among all patients with different eGFR 
ranges. SVR was achieved in 83% of patients with renal impairment (eGFR ≤45 mL/
min per 1.73 m2) treated with sofosbuvir-containing regimens. The number of indi-
viduals with eGFR ≤30 mL/min was small, but worsening of renal function and renal 
adverse events was more frequently reported among these group of patients [8, 26].

Aggarval et al. in their study evaluated 14 patients with chronic HCV infection 
and ESRD who received sofosbuvir-based regimens retrospectively. Most patients 
were on chronic renal replacement therapy. All treatment regimens included sofos-
buvir, and 4 out of 14 treatment courses included ribavirin. The first 7 out of 14 
treatment courses used half-dose of sofosbuvir. Two patients were switched to full-
dose sofosbuvir dosing at 4–6 weeks after initiation of the antiviral treatment. SVR-
12 was reached in 13 out of 14 patients (92.8%). Patient who had relapsed was 
retreated for 24 weeks with full dose of sofosbuvir plus ledipasvir and SVR-12 was 
achieved. Minor adverse effects were headache in one, acid reflux in one, and 
fatigue in one patient. Two patients developed anemia and transfusion was required 
in one of them who was receiving ribavirin and developed sepsis [27].

Food and Drug Administration (FDA) approved this drug for patients with eGFR 
>30 mL/min per 1.73 m2 [7]. Although some studies demonstrated that full-dose 
sofosbuvir may be safe, safe and effective doses of sofosbuvir have to be established 
in patients with eGFR <30 mL/min per 1.73 m2 [28, 29]. If sofosbuvir-containing 
regimens have to be administered in patients with severe renal impairment it should 
only be prescribed by or in consultation with an expert in this field.
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5.4.1.2	 �Daclatasvir-Based Regimens
Daclatasvir is primarily metabolized by the liver and renal elimination is minor. 
Although it is not among the recommended regimens according to the AASLD or 
European Association for the Study of the Liver (EASL) guidelines, in countries 
where daclatasvir plus asunaprevir is a recommended combination, this regimen is 
safe in patients with severe renal impairment, including HCV genotype 1 patients 
with hemodialysis [30].

5.4.2	 �Paritaprevir, Ritonavir, Ombitasvir, Dasabuvir (PrOD) 
with or Without Ribavirin

RUBY-1 clinical trial evaluated the efficacy of PrOD in 20 patients without cirrhosis 
infected with genotype 1 HCV, with stage 4 or stage 5 CKD (13 on dialysis). 
Enrolled patients were treated for 12 weeks with PrOD. Patients infected with geno-
type 1b were treated without ribavirin, whereas ribavirin (200 mg/day) was added 
to the treatment in 13 patients infected with genotype 1a. The SVR-12 rate was 95% 
(18/19) with only one patient relapsing and one patient died from a cause not attrib-
uted to the drug. Most adverse events were mild or moderate. Patients infected with 
genotype 1a had more frequent side effects related to ribavirin, including anemia, 
fatigue, and nausea, and ribavirin was interrupted in 69% of the patients. 
Erythropoietin treatment was required in four patients and only three patients 
restarted ribavirin [8, 9, 31]. Based on these findings, EASL guidelines recommend 
PrOD as an option for the treatment of HCV genotype 1 infection in patients with 
mild-to-moderate or severely compromised renal function and in ESRD whereas 
AASLD guidelines do not recommend as a first-line agent [8, 9].

5.4.2.1	 �Elbasvir-Grazoprevir
In a study (C-SURFER) evaluating the safety and efficacy of 12 weeks of elbasvir-
grazoprevir therapy versus placebo, 122 HCV genotype 1-infected patients with 
CKD stages 4/5 were included. Seventy-five percent of the patients were on dialy-
sis and only 6% had cirrhosis. The SVR-12 rates (intention-to-treat and modified 
intention-to-treat analysis) were 94% and 99%, respectively. The most common 
adverse events were headache, nausea, and fatigue, occurring at similar frequen-
cies in patients receiving placebo. None of the patients discontinued therapy due to 
adverse effects, but one case of congestive heart failure was attributed to elbasvir-
grazoprevir [32].

Based on these data, the fixed-dose combination elbasvir/grazoprevir is recom-
mended for the treatment of HCV genotype 1 infection in patients with severely 
compromised renal function. Although genotype 4-infected persons were not evalu-
ated in C-SURFER trial, results of the studies in with normal renal function can also 
be adapted to genotype 4-infected persons with CKD stage 4/5 [8].

Genotype 1a-infected patients harboring preexisting NS5A resistance-associ-
ated substitutions have a lower SVR12 rate with the 12-week regimen in studies 
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enrolling patients with normal renal function. Although extending the duration to 
16  weeks and adding weight-based ribavirin may overcome this issue, these 
require further study [8–10].

5.4.2.2	 �Glecaprevir-Pibrentasvir
Approved in August 2017 by FDA, this pangenotypic drug is a fixed-dose com-
bination of glecaprevir, an NS3/4A protease inhibitor, and pibrentasvir an NS5A 
inhibitor [33]. It is contraindicated in patients with decompensated cirrhosis 
(Child-Pugh class B or C). EXPEDITION-4 trial including 104 patients with 
genotype 1–6 infection and with stage 4 or 5 CKD, 82% of whom were on dialy-
sis, revealed that treatment with glecaprevir-pibrentasvir for 12 weeks led to 98% 
SVR-12. Four percent of the participants discontinued the drug because of 
adverse events [34]. These results are promising in terms of treatment safety and 
efficacy.

5.4.3	 �Recommended Regimens

Patients with mild-to-moderate renal impairment (eGFR ≥30 mL/min per 1.73 m2) 
can be treated according to the general recommendations since no dose adjustments 
for DAAs are necessary [8, 9].

According to AASLD guidelines, in patients with severe renal impairment 
(eGFR <30  mL/min per 1.73  m2) daily fixed-dose combination of glecaprevir/
pibrentasvir is the recommended regimen for all genotypes (genotypes 1–6) for 
8–16 weeks. Fixed-dose combination of elbasvir/grazoprevir is recommended for 
genotypes 1a–b and genotype 4 for 12 weeks [8].

According to the EASL guidelines patients with severe renal impairment 
(eGFR <30 mL/min per 1.73 m2) or with end-stage renal disease on hemodialysis 
infected with genotype 1a or genotype 4 should be treated with PrOD or with 
elbasvir/grazoprevir plus ribavirin (daily 200 mg) if Hgb level is >10 g/dL for 
12  weeks. In patients infected with genotype 1b the treatment regimen is the 
same but ribavirin is not required. In case of urgent therapy, patients with severe 
renal impairment (eGFR <30 mL/min per 1.73 m2) or with end-stage renal dis-
ease on hemodialysis infected with genotype 2 or genotype 3 should receive 
fixed-dose combination of sofosbuvir and velpatasvir, or combination of sofos-
buvir and daclatasvir for 12 weeks. In genotype 3-infected patients if Hgb level 
is >10 g/dL, ribavirin (daily 200 mg) should be added; if not, the treatment dura-
tion should be prolonged to 24 weeks. Since renal function may worsen under 
these treatment regimens the patient should be closely monitored and interrupted 
if required [9].

In many countries, the access to new DAAs may be limited and the combination 
of pegylated interferon-alpha and ribavirin may still be the standard treatment 
modality in these group of patients. Recommended regimens according to different 
major guidelines are summarized in Table 5.1.
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5.5	 �Kidney-Transplant Patients

Since interferon is associated with an increased risk of acute rejection of the allograft 
interferon-based regimens are contraindicated in patients having had kidney trans-
plantation [35]. Therefore interferon-free regimens are preferred in the setting of 
kidney transplantation.

Recommended antiviral regimens are the same as for the general population in kid-
ney-transplant recipients with eGFR >30 mL/min per 1.73 m2. But due to the limited 
experience, velpatasvir is not yet recommended for use in transplant patients. However, 
EASL guidelines recommend velpatasvir as an option in transplant recipients but warn 
against the possible drug interactions with immunosuppressive agents [9, 10].

In patients with eGFR <30 mL/min per 1.73 m2 glecaprevir/pibrentasvir ranks 
among the recommended regimens. It is contraindicated in Child-Pugh class B and 
C cirrhosis, and it should be cautious against the possible drug interactions with 
immunosuppressive agents. For patients with genotype 1 or 4 infection, elbasvir/
grazoprevir or PrOD may be alternative regimens, but the drug-drug interactions 
should be evaluated very carefully [10].

Various clinical trials have been designed to evaluate the efficacy of DAAs in 
transplanted patients:

The safety and efficacy of the combination of ledipasvir/sofosbuvir were evalu-
ated in 114 kidney-transplant recipients in a phase 2 trial. Patients included in the 
study had been transplanted for longer than 6 months. Ninety-one percent of the 
patients had genotype 1 or 4. SVR-12 was achieved in all of the patients. In four 
patients with an eGFR >40 mL/min at screening eGFR decreased to <30 mL/min 
and increased to >30 mL/min in three of these patients during the treatment [36].

Table 5.1  Recommended regimens in patients with chronic kidney disease stage 4 or 5 or 
end-stage renal disease in treatment-naive and experienced kidney-transplant patients with or 
without compensated cirrhosis [8, 9]

AASLD EASL
Genotype Duration Rating Genotype Duration Rating

Daily fixed-dose combination 
of glecaprevir (300 mg)/
pibrentasvir (120 mg)

1–6 8 weeksa 
12 weeksb,c

16 weeksd

I, B

Daily fixed-dose combination 
of elbasvir (50 mg)/
grazoprevir (100 mg)

1a, 1b, 4 12 weeks I, B 1ae, 1b, 
4e

12 weeks B1, A1, 
B1

Paritaprevir (75 mg), ritonavir 
(50 mg), ombitasvir (12.5 mg), 
dasabuvir (250 mg)

1ae, 1b, 
4e

12 weeks B1, A1, 
B1

aWithout cirrhosis
bCompensated cirrhosis except genotypes 5 and 6
cNS3 or NS5A experienced
dGenotype 3 treatment experienced
ePlus ribavirin (daily 200 mg) if Hgb level is >10 g/dL for 12 weeks
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In two other studies enrolling totally 45 kidney-transplanted patients efficacy of 
sofosbuvir-based regimens was evaluated. Ledipasvir, ribavirin, simeprevir, and 
daclatasvir were the antivirals combined with full-dose sofosbuvir. Sawinski et al. 
discussed treatment of patients with an eGFR <30 mL/min with their nephrologist 
whereas in the study of Kamar et al. all patients had eGFR of 30 mL/min or greater. 
Majority of the patients included in these studies had genotype 1 and advanced 
fibrosis. SVR-12 was achieved in all of the patients in both studies [37, 38].

Efficacy of the recently approved glecaprevir/pibrentasvir was evaluated in a 
phase 3 study (MAGELLAN-2) including 80 liver and 20 kidney-transplant patients. 
SVR-12 rate was 99% and the safety profile was very good [39].

Based on the above studies’ data, recommended regimens in kidney-transplant 
patients according to AASLD/IDSA guidelines are summarized in Table 5.2.

In conclusion, with the advent of the directly acting antivirals SVR-12 rate is 
over 95% and near to 100% in HCV-infected patients with renal failure. Glecaprevir/
pibrentasvir is recommended in all genotypes whereas elbasvir-grazoprevir is effec-
tive against genotypes 1a, 1b, and 4 in patients with renal impairment without dose 
adjustments. Paritaprevir, ritonavir, ombitasvir, and dasabuvir with or without riba-
virin are other alternatives in patients infected with genotypes 1a, 1b, and 4 with 
SVR-12 rate of 95%. But in resource-limited areas where directly acting antivirals 
are not available pegylated interferon and reduced-dose ribavirin may still be the 
only alternatives for treatment.
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