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Hepatitis C virus (HCV) infection in chronic kidney disease (CKD) is associated 
with increased liver-related morbidity and mortality rates, accelerated progres-
sion to end-stage renal disease, and risk of cardiovascular events. CKD patients 
with HCV infection require antiviral therapy. Pegylated interferon (peg-IFN) plus 
ribavirin was the standard of care for HCV-infected CKD patients before the in-
troduction of first-generation direct-acting antiviral (DAA) oral anti-HCV agents. 
Peg-IFN-based treatment has a low virologic response rate and poor compliance, 
resulting in a high dropout rate. Recently, several clinical trials of all-DAA com-
bination regimens have reported excellent antiviral efficacy and few adverse drug 
reactions in HCV-infected patients with CKD. These positive results have rev-
olutionized the treatment of chronic HCV infection in this population. In this 
review, we address the impact of chronic HCV infection in CKD patients, and 
discuss their management using next-generation DAAs.
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INTRODUCTION

Hepatitis C virus (HCV) infection is associated with 
high rates of liver-related morbidities and mortality. 
Public interest in HCV is growing, as more than 180 
million people, 2.8% of the global population, are in-
fected with HCV [1,2]. The hepatic complications of 
HCV infection including liver cirrhosis, hepatic de-
compensation, and hepatocellular carcinoma are well 
documented. However, 40% to 70% of cases of HCV in-
fection are accompanied by extrahepatic manifestations 
such as autoimmune, metabolic, renal, cardiovascular, 
central nervous system, and lymphoproliferative disor-
ders [3-5]. Kidney disease in particular is a common ex-
trahepatic manifestation of HCV infection. Chronic 
HCV infection is related not only to chronic kidney 

disease (CKD) but also accelerates renal deterioration, 
leading to end-stage renal disease (ESRD) [6-8]. In addi-
tion, HCV infection increases the morbidity and mor-
tality rates of both dialysis patients and kidney trans-
plant (KT) recipients [9-11]. Conventional interferon 
(INF)-based therapy for HCV infection has a relatively 
low virologic response rate and poor tolerability in 
CKD patients [12,13]. The recent development of novel 
direct-acting antiviral (DAA) agents has revolutionized 
the treatment of HCV infection (Table 1), especially for 
CKD patients, a difficult to treat population. 

In this review, we address the clinical impact of HCV 
infection in patients with CKD including predialysis 
patients, those on dialysis, and KT recipients. We also 
provide a brief overview of conventional therapies and 
discuss novel antiviral therapies for HCV infection.
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CLINICAL IMPACT OF HCV INFECTION IN CKD 
PATIENTS

HCV in patients with CKD
Although patients with CKD, who are immunocompro-
mised, are expected to have a high prevalence of HCV 
infection, few large-scale epidemiologic studies in di-
verse geographical locations involving predialysis pa-
tients with CKD have been performed. A recent study 
in Taiwan by Lee et al. [14] reported a 7.6% prevalence 
of HCV infection in 4,185 predialysis patients with 
CKD. In this study, the prevalence of HCV increased 
with CKD stage, and the 5-year cumulative incidence of 

ESRD was 52.6% and 38.4% in patients with CKD with 
and without HCV infection, respectively. However, an-
other Taiwanese study reported that the prevalence of 
CKD is higher in patients with than without HCV in-
fection (5.46% vs. 3.43%, respectively), with an adjusted 
hazard ratio (aHR) of 1.28 (95% confidence interval [CI], 
1.12 to 1.46) [15]. These results suggest a correlation be-
tween HCV and renal function, indicating that HCV 
infection can lead to CKD and promote progression 
from CKD to ESRD. Various hepatic and/or extrahepat-
ic manifestations of HCV infection can contribute to 
renal deterioration. Insulin resistance is associated with 
HCV-induced hepatic dysfunction and has been found 

Table 1. Direct-acting antivirals used to treat hepatitis C virus infections.

Products (brand)
Action  

mechanisms
Dose presentation Posology

Main 
excretion

Side effects

Sofosbuvir (Sovaldi®) NS5B polymerase 
inhibitor

Sofosbuvir 400 mg One tablet once 
daily

Renal Fatigue/headache/
nausea

Ledipasvir/sofosbuvir 
(Harvoni®)

NS5A inhibitor
NS5B polymerase  
inhibitor

Ledipasvir 90 mg 
Sofosbuvir 400 mg 

One tablet once 
daily

Renal Fatigue/headache/
nausea

Daclatasvir (Daklinza®) NS5A inhibitor Daclatasvir 30  
or 60 mg 

One tablet once 
daily

Fecal Headache/fatigue/
diarrhea

Asunaprevir (Sunvepra®) NS3/4A protease 
inhibitor

Asunaprevir  
100 mg 

One capsule twice 
daily

Biliary Headache/fatigue/
diarrhea

Ombitasvir/paritaprevir/
ritonavir (Viekirax®)

NS5A inhibitor
NS3/4A protease 
inhibitor

CYP3A4 inhibitor

Ombitasvir 12.5 
mg 

Paritaprevir 75 mg 
Ritonavir 50 mg

Two tablets once 
daily with food

Fecal Nausea/itching/ 
insomnia

Dasabuvir (Exviera®) NS5B polymerase  
inhibitor

Dasabuvir 250 mg One tablet twice 
daily with food

Fecal Nausea/itching/
insomnia

Elbasvir/grazoprevir 
(Zepatier®)

NS5A inhibitor
NS3/4A protease  
inhibitor

Elbasvir 50 mg 
Grazoprevir 100 
mg

One tablet once 
daily

Biliary Fatigue/headache/
nausea

Glecaprevir/pibrentasvir 
(Mavyret®)

NS3/4A protease 
inhibitor

NS5A inhibitor

Glecaprevir 100 
mg 

Pibrentasvir 40 mg

Three tablets 
once daily with 
food

Biliary Headache/fatigue

Sofosbuvir/velpastasvir 
(Epclusa®)

NS5B polymerase 
inhibitor

NS5A inhibitor

Sofosbuvir 400 mg 
Velpastsvir 100 mg

One tablet once 
daily

Renal/ 
biliary

Headache/fatigue

Sofosbuvir/velpatasvir/
voxilaprevir (Vosevi®)

NS5B polymerase  
inhibitor

NS5A inhibitor
NS3/4A protease  
inhibitor

Sofosbuvir 400 mg 
Velpatasvir 100 mg 
Voxilaprevir  
100 mg

One tablet once 
daily with food

Renal/ 
biliary

Headache/fatigue/
diarrhea
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in 10% to 60% of HCV-infected patients [16-18]. Howev-
er, recent experimental studies have demonstrated that 
the HCV core protein interferes with insulin signaling 
by degrading insulin receptor substrate-1 by upregulat-
ing the expression of mammalian target of rapamycin 
(mTOR)/p70 ribosomal protein S6 kinase 1, suppressor 
of cytokine signaling 3, and tumor necrosis factor-α 
[19,20]; and downregulating glucose transporter 2,4 ex-
pression through upregulation of glucose-6-phosphatase 
and phosphoenolpyruvate carboxykinase 2 [21,22]. Sciac-
qua et al. [23] reported higher fasting glucose, homeosta-
sis model assessment of insulin resistance (HOMA-IR), 
and triglyceride levels in HCV-infected patients and a 
significant correlation between the HOMA-IR and esti-
mated glomerular filtration rate (eGFR). Insulin resis-
tance is also correlated with type 2 diabetes mellitus and 
hyperlipidemia, leading to atherosclerosis and cardio-
vascular events in HCV-infected patients. This implies 
that insulin resistance and its vascular complications di-
rectly and/or indirectly promote renal deterioration. 
Chronic HCV infection induces an immune response 
and a direct cytopathic effect. HCV can enter and repli-
cate in hepatocytes and B-lymphocytes. HCV envelope 2 
protein can bind to the CD81 transmembrane 4 family 
glycoprotein on B-lymphocytes, resulting in their acti-
vation [24]. Moreover, the HCV nonstructural (NS) re-
gion 5A and core protein, which mimic auto-antigens, 
can stimulate B-lymphocytes. Persistently stimulated 
B-lymphocytes produce immunoglobulin G (IgG)-HCV 
complexes, resulting in the generation of rheumatoid 
factor-IgM and cryoglobulins [24,25]. Such immune 
complexes are implicated in the pathogenesis of glo-
merulonephritis (GN) in HCV-infected patients [24-26]. 
Although the most common HCV-related GN is type 1 
membranoproliferative glomerulonephritis (MPGN) 
with/without cryoglobulin, other types of GN such as 
membranous nephropathy (MGN), focal segmental glo-
merulosclerosis, IgA nephropathy, fibrillary GN, 
thrombotic microangiopathy, and tubulointerstitial ne-
phropathy have been described [26-28]. In an Italian 
multicenter study, 87% of patients with cryoglobulin-
emia had HCV infection. In addition, 83% of these pa-
tients showed the MPGN pattern on kidney biopsy [29]. 
El-Serag et al. [30] reported that the prevalence of cryo-
globulinemia (0.57% vs. 0.05%) and MPGN (0.36% vs. 
0.05%) was higher in patients with than without HCV 

using Veterans Administration data. However, HCV in-
fection presents as only microalbuminuria in > 10% of 
HCV-infected patients [31], suggesting that HCV has a 
greater influence on renal deterioration through GN 
than formerly believed. Therefore, patients infected 
with HCV should undergo regular surveillance for the 
early detection of GN. 

HCV in patients on dialysis
According to the 2004 Dialysis Outcomes and Practice 
Patterns Study (DOPPS), the prevalence of HCV infec-
tion in patients on hemodialysis (HD) is 13.5%. This 
study included 308 dialysis facilities in America, Eu-
rope, and Asia, and found differences among regions of 
2.6% to 22.9% [32]. In 2009, Johnson et al. [33] investigat-
ed the prevalence of HCV in dialysis patients in 10 
Asia-Pacific countries and reported an incidence of 
7.9% in HD patients and 2.0% in peritoneal dialysis pa-
tients. In addition, the dialysis modality was associated 
with the prevalence of HCV infection. After publication 
of the Recommendations for Preventing Transmission 
of Infections among Chronic Hemodialysis Patients by 
the Centers for Disease Control in 2001, the prevalence 
of HD-related viral transmission has decreased [34]. HD 
patients typically acquire HCV during HD, direct con-
tact between patients, a breach in infection control, 
contaminated equipment, or transfusion of contami-
nated blood products [35,36]. The DOPPS study showed 
that the prevalence of HCV increases with the duration 
of HD (58% in > 20 years), and that ethnicity (black), 
hepatitis B co-infection and substance/alcohol abuse 
are risk factors for HCV infection [32]. These results 
suggest a lack of awareness of infection control in dial-
ysis units and emphasize the importance of continuous 
surveillance for HCV. HD patients with HCV infection 
have higher rates of morbidity and mortality than those 
without HCV [37-39]. Goodkin et al. [39] analyzed the 
hospitalization rate, mortality rate, and quality of life of 
76,689 HD patients with HCV using the DOPPS data. 
The incidence of hospitalization was significantly high-
er in HD patients with HCV compared to those without 
HCV. Moreover, the aHR in HD patients with HCV 
versus those without HCV for all-cause, hepatic-related, 
cardiovascular-related, and infection-related hospital-
ization was 1.09 (95% CI, 1.04 to 1.13), 4.40 (95% CI, 1.03 
to 1.17), 1.10 (95% CI, 1.03 to 1.17), and 1.08 (95% CI, 1.00 
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to 1.18), respectively. Similarly, the mortality rate was 
higher in HD patients with HCV, and the aHRs for HD 
patients with versus those without HCV for all-cause 
and hepatic-related mortality were 1.12 (95% Cl, 1.05 to 
1.20) and 5.90 (95% CI, 3.67 to 9.50), respectively. The 
mortality rate due to cardiovascular or infectious dis-
ease was non-significantly higher in HD patients with 
HCV. The Kidney Disease Quality of Life (KDQOL)-36 
quality of life scores were also lower in HD patients 
with HCV across all physical and mental domains.

HCV in KT recipients
The prevalence of HCV infection in KT recipients var-
ies geographically from 6% to 46%. Notably, KT recipi-
ents typically become infected with HCV by dialysis 
rather than during or after transplantation [40]. To date, 
most studies have shown that HCV infection reduces 
graft and patient survival after KT [10,11,40,41]. New-on-
set diabetes mellitus after transplant (NODAT) fre-
quently occurs in KT recipients. Immunosuppressants 
such as steroids, calcineurin inhibitors (tacrolimus and 
cyclosporin), and mTOR inhibitors (sirolimus and ever-
olimus) also contribute to the development of NODAT 
in KT recipients [42-45]. Kasiske et al. [41] reported a 
higher prevalence of NODAT in KT recipients with 
than without HCV infection (25.6% vs. 15.4%, respec-
tively). A meta-analysis of 2,502 KT recipients showed 
an adjusted odds ratio for NODAT of 3.97 (95% CI, 1.83 
to 8.61) [17]. Similar to predialysis CKD, these data sug-
gest that HCV infection-related NODAT increases car-
diovascular and infection risk, which reduces graft and 
patient survival after KT [41-45]. Allograft GN accounts 
for approximately 18% to 22% of graft loss [46-48]. HCV 
infection is strongly associated with development of al-
lograft GN after KT, and the MPGN and MGN. Ham-
moud et al. [46] showed a higher prevalence of MPGN 
in KT recipients with HCV compared to those without 
HCV (5.9% vs. 2.8%, respectively). Cruzado et al. [47] re-
ported a 45.8% incidence of MPGN using 44 biopsies of 
KT recipients with HCV and suspected allograft GN. 
HCV infection reduces graft survival in KT recipients 
[10,11,17,43,48]. A meta-analysis of 18 observational stud-
ies involving 133,530 KT recipients showed that HCV 
was a significant independent risk factor for graft loss 
with a relative risk of 1.76 (95% CI, 1.46 to 2.11) [10]. Scott 
et al. [11] reported a high incidence of graft failure in 

140 KT recipients. The aHR for graft loss was 1.71 (95% 
CI, 1.28 to 2.29) for KT recipients with HCV; GN, chron-
ic allograft nephropathy, and death were the most fre-
quent causes of graft failure. Similarly, the majority of 
studies have reported that KT recipients with HCV 
have a low survival rate. Scott et al. [11] also reported a 
1.8% (n = 140) incidence of HCV infection in 7,572 KT 
recipients. The survival rate of KT recipients with and 
without HCV was 77% versus 90% and 50% versus 79% 
at 5 and 10 years, respectively. The aHR for mortality 
was 2.38 (95% CI, 1.69 to 3.37). The rates of mortality due 
to cardiovascular disease (aHR, 2.74), malignancy (aHR, 
2.52), and hepatic failure (aHR, 2.21) were high. There-
fore, not only hepatic complications but also cardiovas-
cular disease and cancer contribute to the death of KT 
recipients with HCV. Early aggressive treatment of 
HCV infection can reduce mortality by ameliorating 
extrahepatic complications such as cardiovascular dis-
eases, cancer, and renal diseases in addition to hepatic 
complications.

ANTIVIRAL THERAPIES IN CKD PATIENTS WITH 
HCV INFECTION

CKD patients with chronic HCV infection require anti-
viral therapy; however, few treatment options were 
available until recently. Pegylated interferon (peg-IFN) 
plus ribavirin was the standard of care for HCV-infect-
ed patients before introduction of the first-generation 
DAAs, telaprevir and boceprevir (HCV-NS3/NS4A prote-
ase inhibitors). Several clinical trials of peg-IFN plus 
low-dose ribavirin have involved renal transplant can-
didates undergoing maintenance HD. Rendina et al. [49] 
reported a high sustained virologic response (SVR) rate 
and low dropout rate in a clinical trial of peg-IFN al-
fa-2a plus low-dose ribavirin in hemodialyzed patients 
infected with HCV awaiting renal transplant. Another 
randomized controlled trial showed that peg-IFN plus 
ribavirin combination therapy has greater efficacy and 
safety than peg-IFN monotherapy for HCV in patients 
on HD [50,51]. Fabrizi et al. [52] conducted a systematic 
review and meta-analysis of 11 clinical studies on the 
efficacy and safety of IFN-based combination therapy 
for HCV-infected patients on regular dialysis. The 
summary estimate SVR and dropout rate was 0.60 and 
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0.18, respectively, and anemia and infection were the 
major barriers to therapy continuation. Triple antiviral 
therapies comprising peg-IFN, low-dose ribavirin and 
telaprevir or boceprevir have been tested in HCV-in-
fected patients with CKD [53-55]. The interpretation of 
the data from these trials was hampered by the small 
numbers of enrolled patients and involvement of only 
those infected with HCV genotype 1. In addition, side 
effects unrelated to peg-IFN and ribavirin including 
drug-drug interactions, cutaneous rash, anemia, and 
poor compliance hampered therapy continuation. The 
goal of anti-HCV treatment is an undetectable viral 
load at least 12 weeks after completing therapy (SVR12), 
which is a surrogate marker for virologic cure. IFN-
based regimens are not sufficient in terms of SVR and 
safety in difficult to treat patients such as those with re-
nal impairment. Several clinical trials using next-gen-
eration DAAs have been performed. Roth et al. [56] per-
formed a phase III, prospective, randomized trial (the 
C-SURFER study) of the safety and efficacy of elbasvir 
(HCV-NS5A inhibitor) plus grazoprevir (HCV-NS3/
NS4A protease inhibitor) in treatment-naïve and -expe-
rienced patients with HCV genotype 1 infection and 
stage 4 to 5 CKD; the SVR12 rate was 99% and the inci-
dence of adverse events was low. Saxena et al. [57] evalu-
ated the safety and efficacy of sofosbuvir (HCV-NS5B 
polymerase inhibitor)-containing regimens (PEG-inter-
feron, simeprevir [HCV-NS3/NS4A protease inhibitor], 
and ribavirin) in HCV-infected patients with impaired 
renal dysfunction. This real-world outcome study (the 
HCV-TARGET study) showed SVR12 rates of 81% to 
88% depending on the GFR; however, patients with a 
GFR of ≤ 45 mL/min/1.73 m2 more frequently experi-
enced worsening renal function and ribavirin-related 
hemolytic anemia. Based on the renal excretion of so-
fosbuvir and its metabolites, the use of this DAA agent 
is not recommended in patients with a GFR of ≤ 30 mL/
min/1.73 m2. Pockros et al. [58] performed a clinical trial 
(the RUBY study) of the combination of ombitasvir 
(HCV-NS5A inhibitor), paritaprevir (HCV-NS3/NS4A 
protease inhibitor), ritonavir (HCV-NS5A inhibitor), 
and dasabuvir (HCV-NS5B polymerase inhibitor) in 20 
genotype 1 HCV-infected patients with stage 4 to 5 CKD 
or ESRD; the SVR12 rate was 90% and all adverse events 
were tolerable. If ribavirin is added to maximize thera-
peutic efficacy in patients infected with genotype 1a 

HCV, dose reduction or interruption of ribavirin may 
be required to control progressive anemia that requires 
erythropoietin supplementation. This treatment regi-
men is in clinical use for genotype 1 HCV-infected pa-
tients with severe renal dysfunction. Gane et al. [59] re-
ported good results from the EXPEDITION-4 study of 
the clinical efficacy of glecaprevir (HCV-NS3/NS4A pro-
tease inhibitor) and pibrentasvir (HCV-NS5A inhibitor) 
in 104 HCV-infected patients with stage 4 to 5 CKD or 
ESRD. This combined regimen showed an SVR12 rate 
of 98% with minimal adverse events. Moreover, treat-
ment-naïve and -experienced patients infected with 
HCV of any genotype achieved excellent antiviral out-
comes. As glecaprevir is an inhibitor of the viral prote-
ase NS protein 3/4A and pibrentasvir is an inhibitor of 
the NS protein 5A of HCV, this DAA combination regi-
men has pan-genotypic coverage. Although this was not 
a blinded and randomized trial and enrolled only one 
patient infected with HCV genotype 5/6, this is the only 
pan-genotypic regimen approved for the treatment of 
HCV-infected patients with kidney disease. The MA-
GELLAN-2 study conducted by Reau et al. [60] was a 
phase 3, single-arm, open-label, multicenter trial of the 
efficacy and safety of glecaprevir/pibrentasvir for geno-
type 1 to 6 HCV-infected non-cirrhotic patients who 
had undergone primary liver or kidney transplantation. 
The SVR rate was 98% and adverse events were tolera-
ble without DAA dosage modification or discontinua-
tion. In addition, no potential drug interactions of gleca-
previr/pibretasvir with concomitant immunosuppressive 
agents were identified. In 2017, The American Associa-
tion for the Study of Liver Disease and the Infectious 
Diseases Society of America jointly updated the HCV 
treatment guidelines to recommend combination ther-
apy with glecaprevir/pibrentasvir for 12 weeks for the 
treatment of chronic HCV genotype 1 to 6 infections in 
liver transplant patients without cirrhosis. Fig. 1 shows 
a treatment algorithm for CKD patients using DAAs ac-
cording to HCV genotype and eGFR.

CONCLUSIONS

The recent advent of next-generation DAA agents has 
revolutionized the treatment of patients with chronic 
HCV infection in terms of the viral eradication rate and 
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the tolerability of adverse reactions. Indeed, in HCV-in-
fected patients with advanced renal impairment, the 
clinical efficacy and safety of DAA combination regi-
mens are excellent. Furthermore, the development of a 
pan-genotypic DAA combination regimen, glecaprevir 
and pibrentasvir, has increased the efficacy of treat-
ment. The availability of DAA agents for HCV-infected 
patients with CKD, ESRD, or on HD enables selection 
of patients and the optimal time to start treatment. A 
prospective study is needed to evaluate the long-term 
outcomes (such as progression to advanced-stage CKD, 
dialysis-phase ESRD, and graft and KT recipient surviv-
al) of all-DAA combination regimens in HCV-infected 
CKD patients.

Conflict of interest
No potential conflict of interest relevant to this article 
was reported.

Acknowledgments 
This study was financially supported by the research 
fund of Dankook University in 2015.

REFERENCES

1. Thrift AP, El-Serag HB, Kanwal F. Global epidemiology 
and burden of HCV infection and HCV-related disease. 
Nat Rev Gastroenterol Hepatol 2017;14:122-132.

2. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. 
Global epidemiology of hepatitis C virus infection: new 
estimates of age-specific antibody to HCV seropreva-
lence. Hepatology 2013;57:1333-1342.

3. Cacoub P, Poynard T, Ghillani P, et al. Extrahepatic man-
ifestations of chronic hepatitis C. MULTIVIRC Group. 
Multidepartment virus C. Arthritis Rheum 1999;42:2204-
2212.

4. Cacoub P, Gragnani L, Comarmond C, Zignego AL. Extra-
hepatic manifestations of chronic hepatitis C virus infec-
tion. Dig Liver Dis 2014;46 Suppl 5:S165-S173.

5. Cacoub P, Comarmond C, Domont F, Savey L, Desbois 
AC, Saadoun D. Extrahepatic manifestations of chronic 
hepatitis C virus infection. Ther Adv Infect Dis 2016;3:3-
14.

6. Fabrizi F, Verdesca S, Messa P, Martin P. Hepatitis C virus 
infection increases the risk of developing chronic kidney 

HCV-infected CKD patients

HCV genotype 1 HCV genotype 2–6

eGFR ≥ 30 mL/min

Same DAA regimens
to general population
without CKD

No dosage adjustment

eGFR < 30 mL/min eGFR ≥ 30 mL/min eGFR < 30 mL/min or dialysisDialysis

1. Elbasvir/grazoprevir
 12 weeks
 No dosage adjustment

2. Ombitasvir/paritaprevir
     /ritonavir, dasabuvir
 12 weeks
 No dosage adjustment
 Genotype 1a*: add
   ribavirin 200 mg/day

3. Genotype 1b:
     daclatasvir/asunaprevir
 24 weeks
 Dosage adjustment:
 asunaprevir 100 mg↓ 

4. Glecaprevir/pibrentasvir  

1. Elbasvir/grazoprevir
 12 weeks
 No dosage adjustment

2. Ombitasvir/paritaprevir
     /ritonavir, dasabuvir
 12 weeks
 No dosage adjustment
 Genotype 1a*: add
   ribavirin 200 mg/day

3. Genotype 1b:
     daclatasvir/asunaprevir
 24 weeks
 No dosage adjustment

4. Glecaprevir/pibrentasvir  

1. Genotype 2,3,5,6
     glecaprevir/pibrentasvir

2. Genotype 4 (Naive):
     elbasvir/grazoprevir
 12 weeks
 No dosage adjustment
 
3. Genotype 4 (INF-experienced):
     elbasvir/grazoprevir
     + ribavirin 200 mg/day
 16 weeks
 No dosage adjustment

4. Genotype 4 (without cirrhosis):
     ombitasvir/paritaprevir/ritonavir, 
     dasabuvir + ribavirin 200 mg/day 
 12 weeks
 No dosage adjustment 

Same DAA regimens
 to general population
 without CKD

No dosage adjustment

Figure 1. Treatment algorithm of chronic kidney disease (CKD) patients using direct-acting antiviral agents according to hep-
atitis C virus (HCV) genotype and estimated glomerular filtration rate (eGFR). DAA, direct-acting antiviral; IFN, interferon.

www.kjim.org


         

676 www.kjim.org https://doi.org/10.3904/kjim.2018.202

The Korean Journal of Internal Medicine Vol. 33, No. 4, July 2018

disease: a systematic review and meta-analysis. Dig Dis 
Sci 2015;60:3801-3813.

7. Park H, Adeyemi A, Henry L, Stepanova M, Younossi Z. A 
meta-analytic assessment of the risk of chronic kidney 
disease in patients with chronic hepatitis C virus infec-
tion. J Viral Hepat 2015;22:897-905.

8. Park H, Chen C, Wang W, Henry L, Cook RL, Nelson DR. 
Chronic hepatitis C virus (HCV) increases the risk of 
chronic kidney disease (CKD) while effective HCV treat-
ment decreases the incidence of CKD. Hepatology 2017 
Sep 5 [Epub]. https://doi.org/10.1002/hep.29505.

9. Bang BK, Choi BS, Kim HW, et al. Retrospective study on 
the impact of hepatitis B and hepatitis C virus infection 
on renal transplnat recipients over 15 years. Korean J 
Nephrol 2002;21:423-434.

10. Fabrizi F, Martin P, Dixit V, Messa P. Meta-analysis of 
observational studies: hepatitis C and survival after renal 
transplant. J Viral Hepat 2014;21:314-324.

11. Scott DR, Wong JK, Spicer TS, et al. Adverse impact of 
hepatitis C virus infection on renal replacement therapy 
and renal transplant patients in Australia and New Zea-
land. Transplantation 2010;90:1165-1171.

12. Fried MW. Side effects of therapy of hepatitis C and their 
management. Hepatology 2002;36(5 Suppl 1):S237-S244.

13. Rostaing L, Chatelut E, Payen JL, et al. Pharmacokinet-
ics of alphaIFN-2b in chronic hepatitis C virus patients 
undergoing chronic hemodialysis or with normal re-
nal function: clinical implications. J Am Soc Nephrol 
1998;9:2344-2348.

14. Lee JJ, Lin MY, Chang JS, et al. Hepatitis C virus infection 
increases risk of developing end-stage renal disease using 
competing risk analysis. PLoS One 2014;9:e100790.

15. Chen YC, Lin HY, Li CY, Lee MS, Su YC. A nationwide 
cohort study suggests that hepatitis C virus infection is 
associated with increased risk of chronic kidney disease. 
Kidney Int 2014;85:1200-1207.

16. Bose SK, Ray R. Hepatitis C virus infection and insulin 
resistance. World J Diabetes 2014;5:52-58.

17. Fabrizi F, Martin P, Dixit V, Bunnapradist S, Kanwal F, 
Dulai G. Post-transplant diabetes mellitus and HCV sero-
positive status after renal transplantation: meta-analysis 
of clinical studies. Am J Transplant 2005;5:2433-2440.

18. Villar LM, Caldas GC, Scalioni LP, et al. High prevalence 
of insulin resistance among Brazilian chronic hepatitis C 
patients. Arch Endocrinol Metab 2017;61:628-632.

19. Kawaguchi T, Yoshida T, Harada M, et al. Hepatitis C 

virus down-regulates insulin receptor substrates 1 and 2 
through up-regulation of suppressor of cytokine signal-
ing 3. Am J Pathol 2004;165:1499-1508.

20. Bose SK, Shrivastava S, Meyer K, Ray RB, Ray R. Hepatitis 
C virus activates the mTOR/S6K1 signaling pathway in 
inhibiting IRS-1 function for insulin resistance. J Virol 
2012;86:6315-6322.

21. Horita S, Nakamura M, Suzuki M, et al. The role of renal 
proximal tubule transport in the regulation of blood 
pressure. Kidney Res Clin Pract 2017;36:12-21.

22. Olson AL, Knight JB. Regulation of GLUT4 expression in 
vivo and in vitro. Front Biosci 2003;8:s401-s409.

23. Sciacqua A, Perticone M, Tassone EJ, et al. Renal function 
is impaired in normotensive chronic HCV patients: role 
of insulin resistance. Intern Emerg Med 2016;11:553-559.

24. Schamberg NJ, Lake-Bakaar GV. Hepatitis C virus-related 
mixed cryoglobulinemia: pathogenesis, clinica manifes-
tations, and new therapies. Gastroenterol Hepatol (N Y) 
2007;3:695-703.

25. Curry MP, Golden-Mason L, Doherty DG, et al. Expansion 
of innate CD5pos B cells expressing high levels of CD81 
in hepatitis C virus infected liver. J Hepatol 2003;38:642-
650.

26. Ozkok A, Yildiz A. Hepatitis C virus associated glomeru-
lopathies. World J Gastroenterol 2014;20:7544-7554.

27. Baid S, Pascual M, Williams WW Jr, et al. Renal throm-
botic microangiopathy associated with anticardiolipin 
antibodies in hepatitis C-positive renal allograft recipi-
ents. J Am Soc Nephrol 1999;10:146-153.

28. Markowitz GS, Cheng JT, Colvin RB, Trebbin WM, D'Aga-
ti VD. Hepatitis C viral infection is associated with fibril-
lary glomerulonephritis and immunotactoid glomeru-
lopathy. J Am Soc Nephrol 1998;9:2244-2252.

29. Roccatello D, Fornasieri A, Giachino O, et al. Multicenter 
study on hepatitis C virus-related cryoglobulinemic glo-
merulonephritis. Am J Kidney Dis 2007;49:69-82.

30. El-Serag HB, Hampel H, Yeh C, Rabeneck L. Extrahepatic 
manifestations of hepatitis C among United States male 
veterans. Hepatology 2002;36:1439-1445.

31. Liangpunsakul S, Chalasani N. Relationship between 
hepatitis C and microalbuminuria: results from the 
NHANES III. Kidney Int 2005;67:285-290.

32. Fissell RB, Bragg-Gresham JL, Woods JD, et al. Patterns of 
hepatitis C prevalence and seroconversion in hemodial-
ysis units from three continents: the DOPPS. Kidney Int 
2004;65:2335-2342.

www.kjim.org


677

Kim SM and Song IH. Hepatitis C virus and chronic kidney disease

www.kjim.orghttps://doi.org/10.3904/kjim.2018.202

33. Johnson DW, Dent H, Yao Q, et al. Frequencies of hepati-
tis B and C infections among haemodialysis and perito-
neal dialysis patients in Asia-Pacific countries: analysis of 
registry data. Nephrol Dial Transplant 2009;24:1598-1603.

34. Finelli L, Miller JT, Tokars JI, Alter MJ, Arduino MJ. Na-
tional surveillance of dialysis-associated diseases in the 
United States, 2002. Semin Dial 2005;18:52-61.

35. Park HC, Lee YK, Yoo KD, et al. Korean clinical practice 
guidelines for preventing the transmission of infections 
in hemodialysis facilities. Kidney Res Clin Pract 2018;37:8-
19.

36. Karkar A. Infection control guidelines in hemodialysis 
facilities. Kidney Res Clin Pract 2018;37:1-3.

37. Nakayama E, Akiba T, Marumo F, Sato C. Prognosis of an-
ti-hepatitis C virus antibody-positive patients on regular 
hemodialysis therapy. J Am Soc Nephrol 2000;11:1896-
1902.

38. Kalantar-Zadeh K, Kilpatrick RD, McAllister CJ, et al. 
Hepatitis C virus and death risk in hemodialysis patients. 
J Am Soc Nephrol 2007;18:1584-1593.

39. Goodkin DA, Bieber B, Jadoul M, Martin P, Kanda E, 
Pisoni RL. Mortality, hospitalization, and quality of life 
among patients with hepatitis C infection on hemodialy-
sis. Clin J Am Soc Nephrol 2017;12:287-297.

40. Pereira BJ, Levey AS. Hepatitis C virus infection in dialy-
sis and renal transplantation. Kidney Int 1997;51:981-999.

41. Kasiske BL, Snyder JJ, Gilbertson D, Matas AJ. Diabetes 
mellitus after kidney transplantation in the United States. 
Am J Transplant 2003;3:178-185.

42. Choi YK, Kim YJ, Choi NK, et al. Risk factors for new on-
set diabetes after transplantation among renal transplant 
recipients treated with tacrolimus. Korean J Nephrol 
2010;29:761-767.

43. Peev V, Reiser J, Alachkar N. Diabetes mellitus in the trans-
planted kidney. Front Endocrinol (Lausanne) 2014;5:141.

44. Rodrigo E, Fernandez-Fresnedo G, Valero R, et al. New- 
onset diabetes after kidney transplantation: risk factors. J 
Am Soc Nephrol 2006;17(12 Suppl 3):S291-S295. 

45. Davidson J, Wilkinson A, Dantal J, et al. New-onset dia-
betes after transplantation: 2003 International consensus 
guidelines. Proceedings of an international expert panel 
meeting. Barcelona, Spain, 19 February 2003. Transplan-
tation 2003;75(10 Suppl):SS3-SS24.

46. Hammoud H, Haem J, Laurent B, et al. Glomerular 
disease during HCV infection in renal transplantation. 
Nephrol Dial Transplant 1996;11 Suppl 4:54-55.

47. Cruzado JM, Gil-Vernet S, Ercilla G, et al. Hepatitis C vi-
rus-associated membranoproliferative glomerulonephri-
tis in renal allografts. J Am Soc Nephrol 1996;7:2469-2475.

48. Cosio FG, Cattran DC. Recent advances in our under-
standing of recurrent primary glomerulonephritis after 
kidney transplantation. Kidney Int 2017;91:304-314.

49. Rendina M, Schena A, Castellaneta NM, et al. The treat-
ment of chronic hepatitis C with peginterferon alfa-2a (40 
kDa) plus ribavirin in haemodialysed patients awaiting 
renal transplant. J Hepatol 2007;46:768-774.

50. Liu CH, Huang CF, Liu CJ, et al. Pegylated interferon-α2a 
with or without low-dose ribavirin for treatment-na-
ive patients with hepatitis C virus genotype 1 receiving 
hemodialysis: a randomized trial. Ann Intern Med 
2013;159:729-738.

51. Liu CH, Liu CJ, Huang CF, et al. Peginterferon alfa-2a 
with or without low-dose ribavirin for treatment-naive 
patients with hepatitis C virus genotype 2 receiving hae-
modialysis: a randomised trial. Gut 2015;64:303-311.

52. Fabrizi F, Dixit V, Messa P, Martin P. Antiviral therapy (pe-
gylated interferon and ribavirin) of hepatitis C in dialysis 
patients: meta-analysis of clinical studies. J Viral Hepat 
2014;21:681-689.

53. Mehawej M, Rostaing L, Alric L, Del Bello A, Izopet J, 
Kamar N. Boceprevir-based triple antiviral therapy for 
chronic hepatitis c virus infection in kidney-transplant 
candidates. J Transplant 2015;2015:159795.

54. Kaya S, Aksoz S, Baysal B, Ay N, Danis R. Evaluation of 
telaprevir-containing triple therapy in the treatment of 
chronic hepatitis C in hemodialysed patients. Infect Dis 
(Lond) 2015;47:658-661.

55. Dumortier J, Guillaud O, Gagnieu MC, et al. Anti-viral 
triple therapy with telaprevir in haemodialysed HCV pa-
tients: is it feasible? J Clin Virol 2013;56:146-149.

56. Roth D, Nelson DR, Bruchfeld A, et al. Grazoprevir plus 
elbasvir in treatment-naive and treatment-experienced 
patients with hepatitis C virus genotype 1 infection and 
stage 4-5 chronic kidney disease (the C-SURFER study): a 
combination phase 3 study. Lancet 2015;386:1537-1545.

57. Saxena V, Koraishy FM, Sise ME, et al. Safety and efficacy 
of sofosbuvir-containing regimens in hepatitis C-in-
fected patients with impaired renal function. Liver Int 
2016;36:807-816.

58. Pockros PJ, Reddy KR, Mantry PS, et al. Efficacy of di-
rect-acting antiviral combination for patients with 
hepatitis C virus genotype 1 infection and severe renal 

www.kjim.org


         

678 www.kjim.org https://doi.org/10.3904/kjim.2018.202

The Korean Journal of Internal Medicine Vol. 33, No. 4, July 2018

impairment or end-stage renal disease. Gastroenterology 
2016;150:1590-1598. 

59. Gane E, Lawitz E, Pugatch D, et al. Glecaprevir and pi-
brentasvir in patients with HCV and severe renal impair-
ment. N Engl J Med 2017;377:1448-1455.

60. Reau N, Kwo PY, Rhee S, et al. Glecaprevir/pibrentasvir 
treatment in liver or kidney transplant patients with hep-
atitis C virus infection. Hepatology 2018 Apr 19 [Epub]. 
https://doi.org/10.1002/hep.30046.

www.kjim.org

