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Abstract
Hepatitis C virus (HCV) infection is a major health problem with significant clinical and economic burdens in patients with 
chronic kidney disease (CKD) stage 4 or 5. Current guidelines recommend pan-genotypic direct-acting antivirals (DAAs) 
to be the first-line treatment of choice for HCV. This review summarizes the updated knowledge regarding the epidemiol-
ogy, natural history, public health perspectives of HCV in patients with CKD stage 4 or 5, including those on maintenance 
dialysis, and the performance of pan-genotypic DAAs in these patients. The prevalence and incidence of HCV are much 
higher in patients with CKD stage 4 or 5 than in the general population. The prognosis is compromised if HCV patients are 
left untreated regardless of kidney transplantation (KT). Following treatment-induced HCV eradication, patient can improve 
the health-related outcomes by maintaining a long-term aviremic state. The sustained virologic response  (SVR12) rates and 
safety profiles of pan-genotypic DAAs against HCV are excellent irrespective of KT. No dose adjustment of pan-genotypic 
DAAs is required across CKD stages. Assessing drug–drug interactions (DDIs) before HCV treatment is vital to secure 
on-treatment safety. The use of prophylactic or preemptive pan-genotypic DAAs in HCV-negative recipients who receive 
HCV-positive kidneys has shown promise in shortening KT waiting time, achieving excellent on-treatment efficacy and safety, 
and maintaining post-KT patient and graft survival. HCV elimination is highly feasible through multifaceted interventions, 
including mass screening, treatment scale-up, universal precautions, and post-SVR12 reinfection surveillance.
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Abbreviations
HCV  Hepatitis C virus
CKD  Chronic kidney disease
DAA  Direct-acting antiviral

KT  Kidney transplantation
SVR  Sustained virologic response
HCC  Hepatocellular carcinoma
IFN  Interferon
RBV  Ribavirin
GLE  Glecaprevir
PIB  Pibrentasvir
SOF  Sofosbuvir
VEL  Velpatasvir
VOX  Voxilaprevir
RNA  Ribonucleic acid
MPGH  Membranoproliferative 

glomerulonephritis
MGN  Membranous glomerulonephritis
IR  Insulin resistance
DM  Diabetes mellitus
ALT  Alanine transaminase
ESKD  End-stage kidney disease
GT  Genotype
DDI  Drug–drug interaction
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AE  Adverse event
OATP  Organic anion transport protein
SARS-CoV-2  Severe acute respiratory syndrome 

coronavirus-2
eGFR  Estimated glomerular filtration rate
ITT  Intention-to-treat
RAS  Resistance-associated substitution
AUROC  Area under the curve

Introduction

Hepatitis C virus (HCV) infection is a global health problem 
that leads to cirrhosis, hepatic decompensation, and hepa-
tocellular carcinoma (HCC) [1]. In addition to causing liver 
events, HCV can manifest with renal glomerulopathies and 
tubulointerstitial damages that contribute to a high preva-
lence of chronic kidney disease (CKD) [2]. Nonetheless, the 
risk of HCV infection tends to increase in patients with kid-
ney failure who are on kidney replacement therapy because 
this blood-borne virus can be transmitted through parenteral 
routes. Due to poor tolerance and low antiviral responses, 
treatment uptake for HCV in patients with CKD stage 4 
or 5 is limited in the interferon (IFN) era. Although geno-
type-specific direct-acting antivirals (DAAs) significantly 
improve HCV care, the limited antiviral spectrum, modest 
tolerance, and the need for ribavirin (RBV) in specific popu-
lations preclude the widespread use of these agents. Three 
pan-genotypic DAA regimens, including glecaprevir/pibren-
tasvir (GLE/PIB), sofosbuvir/velpatasvir (SOF/VEL), and 
sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX), have 
led to a paradigm shift of HCV care for the excellent efficacy 
and safety, broad antiviral spectrum, ease of use, and the 
approval to retreat patients with DAA failures.

Based on the rapidly growing knowledge of DAA treat-
ment, this review will summarize the epidemiology and 
natural history, updated reports in clinical trials and real-
world studies of pan-genotypic DAAs, and the path moving 
toward HCV elimination in patients with CKD stage 4 or 5.

Epidemiology

Since the identification of HCV in 1989, the serum anti-
HCV and HCV ribonucleic acid (RNA) have been detected 
in a significant proportion of patients with kidney failure. 
While the global prevalence of HCV infection of 1.0% in the 
general population from the POLARIS survey in 2015, the 
prevalence of HCV infection in patients on hemodialysis was 
9.9% between 2012 and 2015 in the Dialysis Outcome and 
Practice Pattern Study (DOPPS) [3, 4]. Among patients on 
hemodialysis, the prevalence ranges from 4% in Belgium to 
as high as 20% in the Middle East, with intermediate preva-
lence in China, Japan, Italy, Spain, and Russia. Although the 

annual incidence of HCV infection in patients on hemodi-
alysis has decreased from 2.9% to 1.2% from 1996 to 2015, 
it remains much higher than the global incidence of 23.7 
per 100,000 in the general population, which continues to 
be a significant public health threat in this special clinical 
setting [4–6].

Compared to the general population, the higher incidence 
and prevalence rates of HCV infection in patients with CKD 
stage 4 or 5 can be attributed to several factors. First, HCV 
is associated with various immune-mediated glomerular 
and tubulointerstitial damages, such as cryoglobulinemic 
nephropathy, membranoproliferative glomerulonephritis 
(MPGN), or membranous glomerulonephritis (MGN) [7–9]. 
In addition, HCV is associated with insulin resistance (IR), 
diabetes mellitus (DM), and cardiomyopathies that indirectly 
compromise kidney reserves [10]. Second, the risk of HCV 
transmission increases in patients with kidney failure receiv-
ing kidney replacement therapy. This is particularly relevant 
to patients on maintenance hemodialysis because inadequate 
hand washing or changing gloves before and after patient 
care by staff and the use of shared injection medications 
(heparin) in hemodialysis units increase the risk of nosoco-
mial HCV transmission. Several global surveys have shown 
a higher prevalence rate of HCV infection among patients 
on hemodialysis than among patients on peritoneal dialy-
sis [11–14]. Apart from the mechanistic relationship, many 
epidemiologic studies have confirmed a strong link between 
HCV and CKD [15–20].

Natural history

The natural history of HCV infection in patients with CKD 
stage 4 or 5 remains elusive because the course of HCV 
infection is usually indolent over decades. Following acute 
HCV infection, 65.4–92.0% of patients on maintenance dial-
ysis develop chronic infection if left untreated [21–23]. Most 
infected patients are asymptomatic, and have serum alanine 
transaminase (ALT) levels below the reference limit for sub-
jects without advanced kidney diseases, making the early 
diagnosis and the precise duration of HCV infection difficult 
to be identified [24–26]. Furthermore, it is also challeng-
ing to assess the long-term consequences of HCV infection 
because most patients with CKD stage 4 or 5 have complex 
comorbidities. Based on liver histologic analyses, current 
evidence indicates that the course of HCV infection is less 
aggressive in patients on hemodialysis than in non-uremic 
patients [27, 28]. While HCV viremia is unequivocally asso-
ciated with progressive kidney damage, studies on the effects 
of HCV genotypes on the development of CKD or end-stage 
kidney disease (ESKD) remain controversial [29–31]. The 
REVEAL-HCV studies indicated that patients with HCV 
genotype (GT) 1 infection tended to develop ESKD. In 
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contrast, patients with HCV GT2 infection were associated 
with a higher risk of CKD stage 2 or more.

Mortality is a firm outcome of the natural history of HCV 
infection. Two meta-analyses conducted in 2007 and 2012 
showed that the adjusted risk ratios of mortality were 1.37 
and 1.35 in dialysis patients with HCV infection than those 
without HCV infection [32, 33]. Liver-related, infection-
related and cardiovascular diseases mainly contributed to the 
higher mortality risk in dialysis patients with HCV infection. 
The DOPPS cohort study, which included 76,698 hemodi-
alysis patients from 1996 to 2015, further corroborated the 
findings of meta-analysis studies showing a higher cumula-
tive risk of death (adjusted hazard ratio: 1.12) due to more 
frequent in-hospital hepatic, infectious, and cardiovascular 
events in patients with HCV infection [34]. Moreover, the 
physical and mental health, and the kidney disease-related 
quality of life significantly compromised in hemodialysis 
patients with HCV infection [34]. With regard to HCC, two 
studies revealed that the incidence and prevalence of HCC 
were 0.2% and 2.0% in dialysis patients with HCV infection, 
respectively [35, 36].

While dialysis patients with active HCV infection who 
undergo kidney transplantation (KT) have survival advan-
tages over those who are on maintenance dialysis, current 
evidence reveals that the patient and graft survival in KT 
recipients with active HCV infection are worse than that in 
KT recipients without HCV infection [37–39].

Based on the anticipated adverse clinical outcomes if 
HCV is left untreated in patients with CKD stage 4 or 5 
regardless of KT, the prognosis following successful viral 
eradication in this vulnerable population is intriguing to 
healthcare providers. To date, several small-scaled studies 
have shown a survival benefit in patients with ESKD who 
received IFN-based treatment for HCV, compared to those 
who did not receive treatment [40–42]. However, none pro-
vided information about the effects of treatment-induced 
sustained virologic response (SVR) on patient survival, 
which is particularly important in the era of direct-acting 
antivirals (DAAs). Apart from survival, studies have shown 
that treatment-induced SVR can improve quality of life and 
hepatic inflammation/fibrosis in patients on hemodialysis 
[43, 44]. Concerning KT, current evidence also supports 
patient and graft survival benefits once HCV is cleared by 
antiviral agents [45].

Treatment overview

Prior to the advent of DAA, interferon (IFN)-based treat-
ment was the standard of care for HCV in patients with 
CKD stage 4 or 5. Because the SVR rate and on-treatment 
tolerance were suboptimal, only 1.5% of patients with 
CKD stage 4 or 5 received IFN alfa-2a or alfa-2b treatment 
for HCV between 1996 and 2015 [40, 46–48]. Although 

IFN-free DAAs have revolutionized the HCV management 
by substantially improving the SVR rate and tolerance, cur-
rent guidelines recommend pan-genotypic DAAs to be the 
prioritized treatment of choice based on their broad anti-
viral spectrum [49–52]. However, the healthcare providers 
should have knowledge of pan-genotypic DAA metabolism 
and drug–drug interactions (DDIs) with co-medication in 
patients with CKD stage 4 or 5.

Metabolism of pan‑genotypic DAAs in patients with CKD 
stage 4 or 5

The pan-genotypic NS3/4A protease inhibitors (GLE and 
VOX), and NS5A inhibitors (PIB and VEL) undergo hepatic 
metabolism and are eliminated mainly through biliary excre-
tion. Only a minority of these drugs (usually accounting for 
approximately 1.0%) are excreted through the kidneys [53]. 
Pharmacokinetic studies reveal that the maximal drug con-
centrations  (Cmax) and the areas under the curve (AUCs) of 
GLE/PIB, VEL, and VOX in patients with CKD stage 4 or 
5 regardless of maintenance dialysis are similar to patients 
with CKD stages 1–3 [54–56]. Therefore, there is no need 
to adjust the DAA dose in patients with CKD stage 4 or 5.

SOF is a nucleoside NS5B RNA-dependent RNA poly-
merase inhibitor for HCV. After intrahepatic phosphoryla-
tion of the monophosphate prodrug to the active triphos-
phate form (GS-461203), SOF acts as RNA chain terminator 
by inhibiting NS5B RNA-dependent RNA polymerase. 
Dephosphorylation of GS-461203 results in forming an inac-
tive metabolite (GS-331007) that undergoes extensive renal 
excretion [57]. While administrating a single full-dose of 
SOF revealed slightly higher plasma SOF AUCs in patients 
with CKD stage 4 (2.73-fold) and CKD stage 5 (1.33-fold) 
than those in patients with an estimated glomerular filtra-
tion rate (eGFR) > 80 mL/min/1.73m2, the plasma AUCs of 
GS-331007 were 5.56-fold and 6.83-fold higher in patients 
with CKD stages 4 and 5 than those with normal kidney 
reserve [56]. Based on the potential safety concerns, a dose 
recommendation of SOF cannot be made for patients with 
CKD stage 4 or 5. However, a multi-dose pharmacokinetic 
study with SOF at a dose of 400 mg per day or 400 mg 
trice weekly for 12–24 weeks in patients on hemodialysis 
revealed that the plasma GS-330017 concentration by a 
cumulative duration of treatment was similar to a single-
dose treatment. Following the last dose of SOF, the plasma 
GS-331007 terminal half-life  (T1/2) was about 38 h, which 
meant that patients on hemodialysis had only a 7-day delay 
of GS-331007 clearance compared to patients with normal 
kidney function [58, 59]. Furthermore, the clinical and bio-
logical tolerance was good for all patients. These encourag-
ing results support the feasibility of multiple full-dose SOF 
administration in HCV patients with CKD stage 4 or 5.
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Drug–drug interactions (DDIs)

Because the proportion of comorbidities in HCV patients 
with CKD stage 4 or 5 is high irrespective of KT, they are 
expected to have complex co-medication profiles. It is of 
particular importance before DAA treatment because the 
potential DDIs between DAAs and concomitant medications 
may significantly affect plasma drug levels by induction or 
inhibition of metabolic enzymes, or substrate competition, 
resulting in insufficient therapeutic effects or increased drug-
related adverse events (AEs). Studies have indicated that 
the number of co-medication among dialysis patients with 
HCV was much higher than the general HCV individuals 
(6.0 versus 3.2) [60, 61]. The proportions of patients with 
red category (do not co-administered) and orange category 
(potential interaction) who received the same DAA regimen 
tended to be higher in patients on hemodialysis than in the 
general population, emphasizing the need of precarious DDI 
checks in patients with CKD stage 4 or 5. Table 1 shows the 
DDI categories between pan-genotypic DAAs and common 
co-medication in patients with CKD stage 4 or 5 according 
to the HEP Drug Interactions as proposed by the University 
of Liverpool [62].

Regarding antiviral agents against severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), remdesivir 
and nirmatrelvir/ritonavir are not recommended for patients 
with CKD stage 4 or 5. If physicians judge to treat SARS-
CoV-2 infection with nirmatrelvir/ritonavir in patients with 
CKD stage 4 or 5, GLE/PIB should not be co-administered 
because ritonavir, an organic anion transport protein 1B 
(OATP1B) inhibitor, may substantially increase the GLE 
concentration and lead to alanine transaminase (ALT) eleva-
tion. Molnupiravir can be used to treat SARS-CoV-2 infec-
tion in patients with CKD stage 4 or 5 without expected 
DDIs with pan-genotypic DAAs (Table 1) [63].

Pan‑genotypic DAAs for HCV in patients with CKD 
stage 4 or 5

Glecaprevir/pibrentasvir (GLE/PIB)

The EXPEDITION-4 study was a phase III, open-label trial 
to assess the clinical performance of GLE/PIB for 12 weeks 
in 104 HCV patients with CKD stage 4 or 5. The  SVR12 
rates were 98% and 100% by intention-to-treat (ITT) modi-
fied ITT (mITT) analyses. Two participants failed to achieve 
 SVR12 because of early discontinuation and loss of follow-
up. The antiviral responses were not affected by CKD stage, 
pretreatment NS3 or NS5A resistant-associated substitu-
tions (RASs), or type of kidney replacement therapy. Most 
patients tolerated GLE/PIB well, but 20% complained pru-
ritus [64]. The EXPEDITION-5 study further explored the 
performance of GLE/PIB for 8 to 16 weeks according to the 

current label recommendations in 101 patients with CKD 
stages 3b-5 [65]. The  SVR12 rates by ITT and mITT analyses 
were 97% and 100%, respectively (Table 2).

The  SVR12 rates of GLE/PIB for HCV in real-world 
patients with CKD stage 4 or 5 ranged from 93 to 100%, 
comparable to the  SVR12 rates in EXPEDITION-4 and 
EXPEDITION-5 trials (Table 2) [66–71]. The safety profiles 
were excellent, with low rates of treatment discontinuation 
and total bilirubin/ALT elevations. Approximately 3.0% to 
62.8% of patients reported on-treatment pruritus, although 
the severity was mild in most patients with treatment dis-
continuation rate of 0% to 3.7%. The use of GLE/PIB did 
not adversely affect eGFR in patients with CKD stage 4 or 
5 who were not on kidney replacement therapy [65, 67, 70].

Sofosbuvir/velpatasvir (SOF/VEL)

Borgia et al. conducted a phase II trial to treat 59 HCV 
patients on hemodialysis or peritoneal dialysis with full-dose 
SOF/VEL for 12 weeks [72]. The  SVR12 rates by ITT and 
mITT analyses were 95% and 97%, respectively (Table 3). 
Two patients relapsed after treatment, including one HCV 
GT3 cirrhotic patient and the other HCV GT1b non-cirrhotic 
patient who had poor drug adherence. One patient commit-
ted suicide at off-treatment week 4 when the serum HCV 
RNA level remained undetectable. The tolerance was excel-
lent, and no treatment discontinued due to AEs.

In real-world studies, the  SVR12 rates of full-dose SOF/
VEL in patients with CKD stage 4 or 5 and compensated 
liver diseases ranged from 90 to 97% and were compara-
ble to the report in phase II trial (Table 3) [73–76]. Among 
patients with decompensated cirrhosis, the  SVR12 rate by 
full-dose SOF/VEL combined with low-dose RBV for 
12 weeks was 90%, implying that the antiviral responses 
remained excellent despite the presence of concomitant kid-
ney and liver failures [73]. The overall tolerance was excel-
lent, and the risks of total bilirubin/ALT elevations were 
low. Furthermore, the eGFR remained stable during full-
dose SOF in CKD stage 4 or 5 patients not on maintenance 
dialysis, indicating that the renal safety of full-dose SOF/
VEL remained excellent under poor kidney reserve [73, 77]. 
Recently, a meta-analysis reported an overall  SVR12 rate of 
98% in patients with CKD stage 5 on kidney replacement 
therapy receiving SOF/VEL for 12 weeks (Table 3) [78].

Full-dose SOF/VEL has been approved in Canada, Aus-
tralia, South Korea, and Taiwan to treat HCV in patients 
with CKD stage 4 or 5 based on the updated evidence from 
clinical trials and real-world studies. Although SOF/VEL 
is not contraindicated for patients with CKD stage 4 or 5, 
no dose recommendation for SOF/VEL can be made by the 
U.S. Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMA) for these patients. Further-
more, the EMA states that SOF/VEL can be used with no 
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Table 1  Drug–drug interactions (DDIs) between pan-genotypic DAAs and common co-medication in HCV patients with CKD stage 4 or 5

Classification GLE/PIB SOF/VEL SOF/VEL/VOX

Anti-arrhythmics
Amiodarone

Dronedarone

Digoxin

Flecainide

Propafenone

Quinidine

Anti-platelets
Clopidogrel

Prasugrel

Ticagrelor

Anticoagulants
Dabigatran

Edoxaban

Rivaroxaban

Warfarin

Heparin

Lipid lowering agents
Atorvastatin

Fluvastatin

Lovastatin

Pitavastatin

Pravastatin

Rosuvastatin

Simvastatin

Ezetimibe

Bezafibrate

Fenofibrate

Anti-hypertensives
Doxazocin

Bumetanide

Furosemide

Spironolactone

Bisoprolol

Carvedilol

Metoprolol

Nebivolol
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Table 1  (continued)

Amlodipine

Felodipine

Nifedipine

Lercanidipine

Diatiazem

Verapamil

Candesartan

Irbesartan

Losartan

Olmesartan

Valsartan

Captopril

Enalapril

Anti-diabetics
Glimepiride

Rapaglinide

Metformin

Acarbose

Pioglitazone

Linagliptin

Saxagliptin

Sitagliptin

Vildagliptin

Canaglifozin

Dapaglifozin

Empaglifozin

Liraglutide

Dulaglutide

Lixisenatide

Exenatide

Insulin

Anticonvulsants
Carbamazepine

Eslicarbazepine

Oxcarbazepine

Phenobarbital

Phenytoin

Primidone

Anxiolytics
Alprazolam
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Table 1  (continued)

Diazepam

Estazolam

Lorazepam

Midazolam

Oxazepam

Zolpidem

Zopiclone

Gastrointestinal agents
Esomeprazole

Lansoprazole

Omeprazole

Pantoprazole

Rabeprazole

Famotidine

Ranitidine

Bisacodyl

Domperidone

Metoclopramide

Loperamide

Simethicone

Herbal medicine
St John’s wort

Silymarin

Ginkgo biloba

Immunosuppressants
Azathioprine

Cyclosporine

Etanercept

Mycophenolate

Sirolimus

Tacrolimus

Everolimus

Rituximab

Prednisone

Methylprednisolone

Dexamethasone

Budesonide

Cancer therapy
Cisplatin

Doxorubicin



1008 Hepatology International (2022) 16:1001–1019

1 3

dose adjustment when no other relevant treatment options 
are available for patients with CKD stage 4 or 5.

Sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX)

There are no clinical trials or real-world studies reporting 
the clinical performance of SOF/VEL/VOX in HCV patients 
with CKD stage 4 or 5.

Risk of mortality with pan‑genotypic DAA treatment

Although the overall safety profiles of GLE/PIB and SOF/
VEL for HCV are excellent in patients with CKD stage 4 
or 5, several studies reported that the risk of mortality was 
3.3% to 6.7% in patients with compensated liver disease 
and 10.0% in patients with decompensated liver disease 
during an about 6-month study interval (Tables 2 and 3) 
[70, 72–74]. While the higher mortality rate in patients with 
CKD stage 4 or 5 receiving GLE/PIB or SOF/VEL may raise 
concerns about the causal relationship between DAAs and 
deaths, the annual mortality rate in DOPPS is 13.95% in 
hemodialysis patients with or without HCV, which suggests 
that treatment with GLE/PIB or SOF/VEL is not associated 
with increased patient mortality [34].

Pan‑genotypic DAAs for HCV in patients with CKD 
stage 4 or 5 following KT

The MAGELLAN-2 study was a phase III, open-label study 
to assess the efficacy and safety of GLE/PIB for 12 weeks 
in 20 kidney transplant recipients with chronic HCV infec-
tion. All participants completed the assigned treatment and 
achieved  SVR12 [79]. No clinical trials to assess the efficacy 
and safety of SOF/VEL or SOF/VEL/VOX have been pub-
lished till now in HCV patients following KT.

Data regarding the pan-genotypic DAAs in real-world 
studies are scarce. Greco et al. reported the outcomes of 
10 patients with HCV after KT who received SOF/VEL for 
12 weeks. All completed 12 weeks of treatment and achieved 
 SVR12. There was no significant renal toxicity during treat-
ment [80].

HCV‑negative recipients from HCV‑positive kidney 
donors

Kidneys from HCV-infected donors are exclusively trans-
planted into HCV-infected recipients in the era of IFN 
because most recipients poorly tolerate to IFN and the  SVR12 
rates are low. In addition, persistent post-KT HCV viremia 
accelerates the liver and kidney disease, and shortens the 

Table 1  (continued)

Gemcitabine

Irinotecan

Methotrexate

Vinblastine

Vincristine

Bortezomib

Erlotinib

Imatinib

Sorafenib

Regorafenib

Lenvatinib

Nivolumab

Pembrolizumab

SARS-COV-2 drugs
Nirmatrelvir/ritonavir

Molnupiravir

Remdesivir

The DDIs categories are shown in different colors including red (do not co-administer), orange (potential interaction), light yellow (potential 
week interaction) and green (no interaction expected)
DAA direct-acting antiviral; HCV hepatitis C virus; CKD chronic kidney disease; GLE/PIB glecaprevir/pibrentasvir; SOF/VEL sofosbuvir/vel-
patasvir; SOF/VEL/VOX sofosbuvir/velpatasvir/voxilaprevir; SARS-CoV-2 severe acute respiratory syndrome coronavirus-2
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Table 2  Summary of efficacy/effectiveness and tolerance of glecaprevir/pibrentasvir in HCV patients with CKD stage 4 or 5

Study/author CKD stage Regimen Duration (week) Genotype Hepatic fibrosis Patient No SVR12 
(ITT) 
(%)a

SVR12 
(mITT) 
(%)b

Tolerance

Clinical trial
 Expedition-4 

[64]
4, 5 GLE/PIB 12 1–6 F0-F4 104 98 100 Death: 1%

AE leading to drug 
discontinuation: 
4% (pruritus: 1%)

Serious AE: 24%
Pruritus: 20%
AST or ALT > 3 

times ULN: 0%
Total bilirubin > 3 

times ULN: 1%
 Expedition-5 

[65]
3b, 4, 5 GLE/PIB 8–16 1–4 F0-F4 101 98 100 Death: 0%

AE leading to drug 
discontinuation: 
2% (pruritus: 1%)

Serious AE: 12%
Pruritus: 16%
AST or ALT > 5 

times ULN: 0%
Total bilirubin > 3 

times ULN: 0%
Real-world study
 Liu et al. [66] 4 GLE/PIB 8–12 1,2,3,6 F0-F4 32 100 100 Death: 0%

AE leading to drug 
discontinuation: 
0%

Serious AE: 12.5%
Pruritus: 18.8%
ALT ≥ 3 times 

ULN: 0%
Total bilirubin ≥ 3 

times ULN: 0%
5 GLE/PIB 8–12 1,2,6 F0-F4 76 99 100 Death: 0%

AE leading to drug 
discontinuation: 
3% (skin erup-
tion/pruritus: 1%)

Serious AE: 15.8%
Pruritus: 19.7%
ALT ≥ 3 times 

ULN: 0%
Total bilirubin ≥ 3 

times ULN: 0%

 Atsukawa, et al. 
[67]

4 GLE/PIB 8–12 1–3 F0-F4 32 100 100 Death: 0%
AE leading to drug 

discontinuation: 
6.3% (pruritus: 
0%)

Serious AE: 0%
Pruritus: 21.9%
AST or ALT > 1–3 

times ULN: 3.1%
Total biliru-

bin > ULN: 0%
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patient and graft survival. However, the rapid increase of 
deceased donors due to the opioid epidemic and the avail-
ability of potent and safe DAAs after 2014 have challenged 
the conventional rules of organ allocation. Transplanting 

HCV-infected kidneys into uninfected recipients, followed 
by DAA treatment, is conceptually feasible and may enhance 
the organ procurement in patients with kidney failures by 
shorting the waiting time for KT [81].

Table 2  (continued)

Study/author CKD stage Regimen Duration (week) Genotype Hepatic fibrosis Patient No SVR12 
(ITT) 
(%)a

SVR12 
(mITT) 
(%)b

Tolerance

5 GLE/PIB 8–12 1–3 F0-F4 109 99 100 Death: 0%
AE leading to drug 

discontinuation: 
0.9% (pruritus: 
0.9%)

Serious AE: 0%
Pruritus: 33.0%
AST or ALT > 1–3 

times ULN: 0%
Total biliru-

bin > ULN: 0%
 Yen et al. [68] 5 GLE/PIB 8–12 1,2 F0-F4 44 96 100 Death: 0%

AE leading to drug 
discontinuation: 
2.3% (pruritus: 
2.3%)

Serious AE: 5%
Pruritus: 62.8%
ALT ≥ 3 times 

ULN: 2.3%
Total bilirubin ≥ 3 

times ULN: 2.3%
 Suda et al. [69] 5 GLE/PIB 8 2 F0-F3 13 100 100 Death: 0%

AE leading to drug 
discontinuation: 
7.4% (pruritus: 
3.7%)

Serious AE: 3.7%
ALT > ULN: 0%
Total biliru-

bin > ULN: 0%

GLE/PIB 12 2 F4 14 93 93

 Yap et al. [70] 4, 5 GLE/PIB 12 2, 3, 6 F4 20 90 100 Death: 5%
AE leading to drug 

discontinuation: 
4% (pruritus: 0%)

Serious AE: 20%
 Stein et al. [71] 4, 5 GLE/PIB 8–16 1–4 F0-F4 33 94 100 AE leading to drug 

discontinuation: 
0%

Pruritus: 3.0%
AST or ALT > 3 

times ULN: 0%
Total biliru-

bin > 1.5 times 
ULN: 3.2%

CKD chronic kidney disease, SVR sustained virologic response, ITT intention-to-treat, mITT modified intention-to-treat, GLE/PIB glecaprevir/
pibrentasvir, AE adverse event, AST aspartate transaminase, ALT alanine transaminase, ULN upper limit of normal
a Patients who received at least one dose of treatment were included in the analysis
b Patients with non-virologic failures were excluded from the analysis
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Because HCV viremia occurs in almost all recipients who 
receive kidneys from viremic donors, DAA can be initiated 
before KT (prophylactic therapy) or days to weeks after con-
firmation of viremia following KT (preemptive therapy). 
A total of 40 HCV-negative KT recipients in three proof-
of-concept trials who received prophylactic or preemptive 

genotype-specific elbasvir/grazoprevir (EBR/GZR)-based 
DAAs from HCV-viremic donors yielded excellent post-
treatment safety and an overall  SVR12 rate of 100%, confirm-
ing the feasibility of applying DAAs in this clinical setting 
[82–84].

Table 3  Summary of efficacy/effectiveness and tolerance of sofosbuvir/velpatasvir in HCV patients with CKD stage 4 or 5

CKD chronic kidney disease. SVR sustained virologic response, ITT intention-to-treat, mITT modified intention-to-treat, SOF/VEL sofosbuvir/
velpatasvir, RBV ribavirin, AE adverse event, ALT alanine transaminase, ULN upper limit of normal, NA not assessed
a Patients who received at least one dose of treatment were included in the analysis
b Patients with non-virologic failures were excluded from the analysis

Study/author CKD stage Regimen Duration
(week)

Genotype Hepatic fibrosis Patient No SVR12 
(ITT) (%)a

SVR12 (mITT) 
(%)b

Tolerance

Clinical trial
 Borgia et al. 

[72]
5 SOF/VEL 12 1,2,3,4,6 F0-F4 59 95 97 Death: 3%

AE leading to 
drug discon-
tinuation: 0%

Serious AE: 19%
Real-world study
 Liu et al. [73] 4, 5 SOF/VEL 12 1,2,3,6 F0-F4 181 95 100 Death: 3.3%

AE leading to 
drug discon-
tinuation: 0.6%

Serious AE: 9.9%
ALT > 3 times 

ULN: 0.6%
Total biliru-

bin > 1.5 times 
ULN: 2.2%

4, 5 SOF/
VEL + RBV

12 1,2,6 F4 (Child B 
or C)

10 90 100 Death: 10%
AE leading to 

drug discon-
tinuation: 10%

Serious AE: 20%
ALT > 3 times 

ULN: 0%
Total biliru-

bin > 1.5 times 
ULN: 20%

 Yu et al. [74] 5 SOF/VEL 12 1,2,6 F0-4 105 90 96 Death: 6.7%
AE leading to 

drug discon-
tinuation: 9.5%

Serious AE: 
42.9%

 Gaur et al. [75] 5 SOF/VEL 12 1,3 F0-4 31 97 97 Death: 0%
AE leading to 

drug discon-
tinuation: 0%

 Taneja et al. 
[76]

5 SOF/VEL 12 1,3,4 F0-4 51 96 96 Death: 0%
AE leading to 

drug discon-
tinuation: 0%

Serious AE: 0%

Study/author CKD stage Regimen Duration 
(week)

Genotype Study no Patient No SVR12 (%) Publication year Additional find-
ings

Meta-analysis
 De et al. [78] 5 SOF/

VEL ± RBV
12 1–6 7 410 98 2019–2021 NA
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Table 4  Summary of efficacy/effectiveness and tolerance of pan-genotypic DAAs in HCV-negative recipient from HCV-positive kidney donors

Study/author Regimen Duration
(week)

Genotype DAA Strategy Donor type Patient No SVR12 
(ITT) 
(%)a

SVR12 
(mITT) 
(%)b

Tolerance

Clinical trial
 Mythic [85] GLE/PIB 8 1,2,4 Preemptive Deceased 30 100 100 Serious AE: 21 

events
DAA-related 

serious AE: 0%
Acute cellular 

rejection: 10%
 Rehanna [86] GLE/PIB 4 1,3 Prophylactic Deceased 10 100 100 AE leading to 

drug discon-
tinuation: 0%

 ≥ grade 3 treat-
ment-related 
AE: 0%

Total bilirubin or 
AST/ALT ≥ 2.5 
times ULN: 0%

Graft survival: 
90%

Acute cellular 
rejection: 0%

 Feld et al. 
[87]

GLE/
PIB + ezetimibe

1 1–3 Prophylactic NA 10 100 100 AE leading to 
drug discon-
tinuation: 0%

Serious AE: 10%
Graft survival: 

100%
Acute cellular 

rejection: 0%
 Terrault. et al. 

[93]
SOF/VEL 12 NA Preemptive Deceased 11 100 100 Serious AE: 45%

DAA-related 
serious AE: 0%

Graft survival: 
100%

 Dapper [94] SOF/VEL 2–4 days 1–3 Prophylactic Deceased 50 88 88 Patient survival: 
98%

Graft survival: 
98%

Acute cellular 
rejection: 4%

Transient ALT 
elevation: 4%

 Reform 
HEPC [95]

SOF/VEL 8 days NA Prophylactic Deceased 32 97 97 Patient survival: 
100%

Graft survival: 
98%

SOF/
VEL + ezetimibe

18 94 94

Real-world study
 Molnar et al. 

[88]
GLE/PIB 12 1–3 Median 

76 days after 
KT

NA 59 100 100 Graft survival: 
100%SOF/VEL 5 100 100

 Kapila, et al. 
[89]

GLE/PIB 12–16 1–4 NA NA 33 97 97 Graft survival: 
100%SOF/VEL 12 1 100 100

 Graham et al. 
[90]

GLE/PIB 12 1–4 Preemptive Deceased 29 100 100 Patient survival: 
100%

Graft survival: 
100%

Acute cellular 
rejection: 7%

SOF/VEL 1 100 100
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Glecaprevir/pibrentasvir (GLE/PIB)

The MYTHIC trial recruited 30 HCV-negative recipients 
who received HCV-positive kidneys, followed by preemp-
tive GLE/PIB for 8 weeks [85]. All recipients achieved 
 SVR12, and no DAA-related serious AEs were reported. 
The REHANNA trial explored the feasibility of prophy-
lactic GLE/PIB for 4 weeks in 10 kidney recipients. The 
 SVR12 was 100%, and none discontinued GLE/PIB due to 
treatment-emergent AEs [86]. Feld et al. further shortened 
the treatment duration of prophylactic GLE/PIB to one week 
in combination with ezetimibe, a cholesterol absorption 
inhibitor that is active against HCV viral entry, in 10 par-
ticipants. All achieved  SVR12, and the tolerance was excel-
lent (Table 4) [87].

Five real-world studies have reported the effectiveness 
and safety of preemptive GLE/PIB for 12 weeks in 172 
HCV-negative recipients who received HCV-positive kid-
neys. In line with the reports in clinical trials, the  SVR12 
rates ranged from 97 to 100%, and the graft survival was 
excellent after GLE/PIB treatment (Table 4) [88–92].

Sofosbuvir/velpatasvir (SOF/VEL)

Terrault et al. conducted a multicenter study in the U.S. to 
treat 11 HCV-negative recipients from HCV-positive kid-
neys with preemptive SOF/VEL for 12 weeks. All recipients 
achieved  SVR12, and none had DAA-related serious AEs 
[93]. The DAPPeR trial treated 50 participants with an ultra-
short duration of prophylactic SOF/VEL for 2–4 days [94]. 
Three (12%) failed to clear HCV following KT. Because the 
 SVR12 rate in the DAPPeR trial was suboptimal, the investi-
gators conducted the REFORM HEPC trial by extending the 
prophylactic SOF/VEL to 8 days with or without ezetimibe 
combination in 50 participants. The  SVR12 rates increased 
to 94% and 97% in participants receiving SOF/VEL with and 
without ezetimibe combination [95]. Patient tolerance was 
excellent in both trials (Table 4).

Six real-world studies to date have been reported in 44 
patients receiving preemptive SOF/VEL for 12 weeks. All 
patients achieved  SVR12, and the tolerance was also excel-
lent (Table 4) [88–92, 96].

SVR sustained virologic response; ITT intention-to-treat; mITT modified intention-to-treat; GLE/PIB glecaprevir/pibrentasvir; SOF/VEL sofosbu-
vir/velpatasvir; SOF/VEL/VOX sofosbuvir/velpatasvir/voxilaprevir; AE adverse event; DAA direct-acting antiviral; AST aspartate transaminase; 
ALT alanine transaminase; ULN upper limit of normal; NA not assessed
a Patients who received at least one dose of treatment were included in the analysis
b Patients with non-virologic failures were excluded from the analysis
c The first dose of GLE/PIB plus ezetimibe was given before transplantation. GLE/PIB plus ezetimibe was continued for one week after trans-
plantation
d Thirty-nine of fifty-two patients met criteria for  SVR12, and all had achieved  SVR12. All the remaining thirteen patients had undetectable HCV 
RNA at the last follow-up

Table 4  (continued)

Study/author Regimen Duration
(week)

Genotype DAA Strategy Donor type Patient No SVR12 
(ITT) 
(%)a

SVR12 
(mITT) 
(%)b

Tolerance

 Jandovitz 
et al. [91]

GLE/PIB 12 1,3 Preemptive Deceased 3 100 100 NA

SOF/VEL 1,3 Preemptive 8 100 100

SOF/VEL/VOX 1a - 1 100 100
 Torabi et al. 

[92]
GLE/PIB 12 1–4 Preemptive NA 48d 100 100 Total biliru-

bin > 3 times 
ULN: 2%

ALT > 3 times 
ULN: 17%

Graft survival: 
96%

Acute cellular 
rejection: 6%

SOF/VEL 3d 100 100
SOF/VEL/VOX 1d 100 100

 Chen et al. 
[96]

SOF/VEL 12 1–3 Prophylactic NA 26 100 100 AE leading to 
drug discon-
tinuation: 0%

Acute cellular 
rejection: 8%

 Reform 
HEPC [95]

SOF/VEL/VOX 12 1a,3 - Deceased 3 100 100 NA
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Table 5  Summary of guideline recommendations for managing HCV in patients with CKD stage 4 or 5

HCV, hepatitis C virus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; DAA, direct-acting antiviral; GLE/PIB, gle-
caprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir; EBR/GZR, elbasvir/grazoprevir; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL/VOX, 
sofosbuvir/velpatasvir/voxilaprevir; DCV plus ASV, daclatasvir plus asunaprevir; RBV, ribavirin; KT, kidney transplantation; RAS, resistant-
associated substitution; RT-PCR, reverse-transcriptase polymerase chain reaction

European Association for the Study of 
the Liver (EASL)

American Association for the Study of 
Liver Diseases (AASLD)

Asian Pacific Association for the Study 
of the Liver (APASL)

Patients with HCV and an 
eGFR < 30 ml/min/1.73  m2, includ-
ing those on dialysis

Patients should be treated in expert 
centers, with close monitoring by a 
multidisciplinary team

Patients should be treated for HCV 
according to the general recommen-
dations, with no need for DAA dose 
adjustments

GLE/PIB or EBR/GZR are the pre-
ferred choices for HCV

Patients with Child–Pugh B or C cir-
rhosis should be treated with SOF/
VEL without RBV for 24 weeks

The risks and benefits of treat-
ing patients with ESKD and an 
indication for KT before or after KT 
require individual assessment

Patients can be treated with GLE/PIB, 
EBR/GZR and SOF-based DAAs 
according to the general recom-
mendations

No dose adjustment in DAAs is 
required when using the recom-
mended regimens

The dose of RBV should be reduced 
according to the label recommenda-
tions

Maintenance hemodialysis confers a 
significant risk of nosocomial infec-
tion. Standard precautions must be 
rigorously observed

Patients on hemodialysis should be 
screened with serological tests and 
RT-PCR at first hemodialysis or when 
transferring from another hemodialy-
sis unit

Maintenance hemodialysis patients 
and KT candidates should be tested 
for anti-HCV antibodies every 
6–12 months, and RT-PCR should 
be performed for patients with unex-
plained elevated transaminase(s)

Treatment regimen:
EBR/GZR (genotypes 1 and 4)
DCV plus ASV (genotype 1b)
GLE/PIB (genotypes 1–6)
SOF plus DCV (genotypes 1–6)
SOF/LDV (genotype 1)

HCV-positive kidney transplant 
recipients

Patients should be treated for HCV 
before or after transplantation

Before KT, patients on the waiting list 
can be treated for HCV according to 
the general recommendations

After KT, recipients should be treated 
with the SOF/VEL for 12 weeks 
without immunosuppressant drug 
dose adjustments

After KT, recipients can be treated 
with GLE/PIB for 12 weeks, but 
immunosuppressant drug levels need 
to be monitored and adjusted as 
needed during and after treatment

Non-DAA experienced
GLE/PIB for genotypes 1–6 in com-

pensated liver disease
SOF/VEL for genotypes 1–6
SOF/LDV for HCV genotypes 1, 4, 5, 

and 6 only
EBR/GZR for HCV genotypes 1 and 

4 only, and without baseline EBR 
RASs (alternative)

DAA experienced
SOF/VEL/VOX ± RBV for genotypes 

1–6 in compensated liver disease

No specific recommendations were 
provided

HCV-negative kidney transplant 
recipients from HCV-positive donors

No specific recommendations were 
provided

Informed consent should include:
Risk of transmission from an HCV-

viremic donor
Risk of liver disease if HCV treat-

ment is not available or treatment is 
unsuccessful

Risk of graft failure
Risk of extrahepatic complications, 

such as HCV-associated renal 
disease

Risk of HCV transmission to partner
Benefits, specifically reduced waiting 

time and possibly lower waiting list 
mortality

Other unknown long-term conse-
quences (hepatic and extrahepatic) 
of HCV exposure (even if cure is 
attained)

Prophylactic or preemptive treatment 
with a pan-genotypic DAA regimen

GLE/PIB for 8 weeks
SOF/VEL for 12 weeks

No specific recommendations were 
provided
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Sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX)

Because the antiviral responses with prophylactic or 
preemptive DAAs are nearly 100%, there have been no 
clinical trials to evaluate the efficacy and tolerance of SOF/
VEL/VOX for HCV-negative recipients who received HCV-
positive kidneys. Only five patients who received SOF/VEL/
VOX for 12 weeks, of whom three relapsed in DAPPeR and 
REFORM HEPC trials, were reported in real-world studies, 
which showed an overall  SVR12 rate of 100% (Table 4) [91, 
92, 95].

Post‑transplantation outcomes

The MYTHIC trial reported the 1-year post-KT outcome 
of 30 recipients who achieved  SVR12 with GLE/PIB. No 
patients developed HCV-related kidney injury after viral 
eradication. The patient survival was 93%, and the graft 
function was excellent following KT [97]. Molnar et al. 
assessed the 1-year graft outcome in 65 HCV-negative 
recipients who achieved  SVR12 with GLE/PIB, SOF/VEL, 
or SOF/ledipasvir (SOF/LDV) following KT from HCV-
positive kidneys and 59 recipients underwent KT with 
HCV-negative kidneys [88]. The risks of patient deaths, 
delayed graft function, and the eGFR evolution were similar 
between groups. Interestingly, the proportion of graft loss 
in the HCV-positive kidney donor group was marginally 
lower than that in the HCV-negative kidney donor group 
(2% vs. 10%). Furthermore, a simulation model has proved 
that transplanting HCV-positive kidneys into HCV-negative 
recipients, followed by pan-genotypic DAAs, is cost-saving 
and can increase the quality-adjusted life expectancy [98].

HCV elimination in patients with CKD stage 4 or 5

Based on the significant impact on health-related outcomes 
in HCV-viremic patients, and the availability of potent and 
safe DAAs against HCV, the World Health Organization 
(WHO) has set a target of global HCV elimination by 2030. 
Current guidelines recommend DAA treatment for HCV 
without delay in patients with CKD stage 4 or 5 regardless 
of KT, although the statements about the choices of DAAs 
differ among professional societies (Table 5) [49–52]. Stud-
ies on HCV micro-elimination in the hemodialysis popu-
lation showed promise through outreach services, mass 
screening, efficient link to care, and treatment scale-up [74, 
99]. A long-term survey indicated that HCV reinfection in 
hemodialysis patients after treatment-induced  SVR12 was 
comparably low to the general population through unre-
stricted DAAs and universal precautions in hemodialysis 
units [100]. Another study also indicated that the HCV RNA 
level remained undetectable in HCV-infected recipients once 
they achieved  SVR12 with DAAs before or after KT [101].

Conclusion

HCV infection is prevalent and continues to be a signifi-
cant threat for patients with CKD stage 4 or 5. Current 
evidence indicates that patients with CKD stage 4 or 5 
have similar response rates and safety profiles to the gen-
eral population with pan-genotypic DAAs before or after 
KT. There is no need for dose adjustment of pan-genotypic 
DAAs in patients with CKD stage 4 or 5, including those 
on maintenance dialysis. Regarding HCV-negative patients 
with CKD stage 4 or 5 who undergo KT with HCV-pos-
itive kidneys, the use of prophylactic or preemptive pan-
genotypic DAAs can efficiently eradicate HCV after KT. 
While the performance of GLE/PIB has been well demon-
strated by phase III trials and real-world studies in patients 
with CKD stage 4 or 5 before or after KT, data that assess 
the efficacy and safety of SOF/VEL and SOF/VEL/VOX 
from phase III trials or real-world studies are lacking or 
limited. Regarding the choice of GLE/PIB or SOF/VEL for 
HCV, the European Association for the Study of the Liver 
(EASL) prefers GLE/PIB for patients with CKD stage 4 
or 5 before KT because evidence supporting the full-dose 
SOF/VEL in these patients is only modest. Moreover, the 
EASL highlights the need to monitor blood concentra-
tions of immunosuppressive agents in KT recipients who 
are treated with GLE/PIB. Because patients with CKD 
stage 4 or 5 may take a higher number of concomitant 
medications, careful DDI checks between DAAs and co-
medication are important to ensure on-treatment safety. 
Once  SVR12 is achieved with antiviral therapies, most 
patients have durable long-term virologic remission and 
improved health-related outcomes. Despite the excellent 
performance of pan-genotypic DAAs for HCV in patients 
with CKS stage 4 or 5, continuous efforts on screening, 
treatment uptake, post-treatment surveillance, and hygiene 
precautions are needed to accelerate HCV elimination in 
this special clinical setting.

Acknowledgements The authors thank Hui-Ju Lin and Pin-Chin 
Huang for clinical data management; the 7th Core Lab of National Tai-
wan University Hospital and the 1st Common Laboratory of National 
Taiwan University Hospital, Yun-Lin Branch for technical support.

Author contributions Drafting of the article: Chen-Hua Liu, Jia-Horng 
Kao. Reviewing and approving the final version of the manuscript: 
Chen-Hua Liu, Jia-Horng Kao.

Funding No funding to support this article.

Data availability Not applicable.

Declarations 

Conflict of interest Chen-Hua Liu has served as a speaker for Abbott, 
has served as a speaker, a consultant and an advisory board member 



1016 Hepatology International (2022) 16:1001–1019

1 3

for Abbvie, Gilead Sciences, and Merck Sharp & Dohme, and has 
received research funding from Abbvie, Gilead Sciences, and Merck 
Sharp & Dohme. Jia-Horng Kao has served as a speaker, a consult-
ant and an advisory board member for Abbott, Abbvie, Bristol-Myers 
Squibb, Gilead Sciences, GlaxoSmithKline, Merck Sharp & Dohme, 
Novartis, and Roche.

Ethical approval Not applicable.

Financial Not applicable.

Animal research This was not an animal research.

Consent to participate Not applicable.

Consent to publish All the authors consented the publish the work.

Clinical trials registration Not applicable.

References

 1. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med 
2001;345:41–52

 2. Cacoub P, Saadoun D. Extrahepatic manifestations of chronic 
HCV infection. N Engl J Med 2021;384:1038–1052

 3. Polaris Observatory HCV Collaborators. Global prevalence and 
genotype distribution of hepatitis C virus infection in 2015: a 
modelling study. Lancet Gastroenterol Hepatol 2017;2:161–176

 4. Jadoul M, Bieber BA, Martin P, Akiba T, Nwankwo C, 
Arduino JM, et al. Prevalence, incidence, and risk factors for 
hepatitis C virus infection in hemodialysis patients. Kidney Int. 
2019;95:939–947

 5. World Health Organization (2022) Global hepatitis report, 2017. 
https:// www. who. int/ publi catio ns/i/ item/ global- hepat itis- report- 
2017. Accessed 05 June 2022

 6. Liu CH, Kao JH. Treatment of hepatitis C virus infection in 
patients with end-stage renal disease. J Gastroenterol Hepatol 
2011;26:228–239

 7. Pol S, Parlati L, Jadoul M. Hepatitis C virus and the kidney. Nat 
Rev Nephrol 2019;15:73–86

 8. Ozkok A, Yildiz A. Hepatitis C virus associated glomerulopa-
thies. World J Gastroenterol 2014;20:7544–7554

 9. 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 treatment decreases 
the incidence of CKD. Hepatology 2018;67:492–504

 10. Ladino M, Pedraza F, Roth D. Opportunities for treatment of the 
hepatitis C virus-infected patient with chronic kidney disease. 
World J Hepatol 2017;9:833–839

 11. Fabrizi F, Martin P, Lunghi G, Ponticelli C. Nosocomial trans-
mission of hepatitis C virus infection in hemodialysis patients: 
clinical perspectives. Int J Artif Organs 2000;23:805–816

 12. Fabrizi F, Poordad FF, Martin P. Hepatitis C infection and the 
patient with end-stage renal disease. Hepatology 2002;36:3–10

 13. Johnson DW, Dent H, Yao Q, Tranaeus A, Huang CC, Han 
DS, et al. Frequencies of hepatitis B and C infections among 
haemodialysis and peritoneal dialysis patients in Asia-Pacific 
countries: analysis of registry data. Nephrol Dial Transpl 
2009;24:1598–1603

 14. Li PK, Bavanandan S, Mohamed R, Szeto CC, Wong VW, 
Chow KM, et al. 2018 Kidney Disease: Improving Global 
Outcomes (KDIGO) hepatitis C in chronic kidney disease 

guideline implementation: Asia summit conference report. 
Kidney Int Rep 2020;5:1129–1138

 15. Dalrymple LS, Koepsell T, Sampson J, Louie T, Dominitz JA, 
Young B, et al. Hepatitis C virus infection and the prevalence 
of renal insufficiency. Clin J Am Soc Nephrol 2007;2:715–721

 16. Li WC, Lee YY, Chen IC, Wang SH, Hsiao CT, Loke SS. Age 
and gender differences in the relationship between hepatitis C 
infection and all stages of chronic kidney disease. J Viral Hepat 
2014;21:706–715

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

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

 19. Tartof SY, Hsu JW, Wei R, Rubenstein KB, Hu H, Arduino 
JM, et  al. Kidney function decline in patients with CKD 
and untreated hepatitis C infection. Clin J Am Soc Nephrol 
2018;13:1471–1478

 20. Hsu CK, Lai TS, Chen YT, Tseng YJ, Lee CC, Chen CY, et al. 
Renal function trajectories in hepatitis C infection: differences 
between renal healthy and chronic kidney disease individuals. 
Sci Rep 2021;11:17197

 21. Furusyo N, Hayashi J, Kakuda K, Ariyama I, Kanamoto-Tanaka 
Y, Shimizu C, et al. Acute hepatitis C among Japanese hemodi-
alysis patients: a prospective 9-year study. Am J Gastroenterol 
2001;96:1592–1600

 22. Liu CH, Liang CC, Liu CJ, Lin JW, Chen SI, Hung PH, et al. 
Pegylated interferon alfa-2a monotherapy for hemodialysis 
patients with acute hepatitis C. Clin Infect Dis 2010;51:541–549

 23. Lemos LB, Perez RM, Matos CA, Silva IS, Silva AE, Ferraz 
ML. Clinical and laboratory characteristics of acute hepatitis C 
in patients with end-stage renal disease on hemodialysis. J Clin 
Gastroenterol 2008;42:208–211

 24. Yuki N, Ishida H, Inoue T, Tabata T, Matsushita Y, Kishimoto 
H, et al. Reappraisal of biochemical hepatitis C activity in hemo-
dialysis patients. J Clin Gastroenterol 2000;30:187–194

 25. Lopes EP, Gouveia EC, Albuquerque AC, Sette LH, Mello LA, 
Moreira RC, et al. Determination of the cut-off value of serum 
alanine aminotransferase in patients undergoing hemodialysis, to 
identify biochemical activity in patients with hepatitis C viremia. 
J Clin Virol 2006;35:298–302

 26. Milotic I, Pavic I, Maleta I, Troselj-Vukic B, Milotic F. Modified 
range of alanine aminotransferase is insufficient for screening of 
hepatitis C virus infection in hemodialysis patients. Scand J Urol 
Nephrol 2002;36:447–449

 27. Trevizoli JE, de Paula MR, Ribeiro Velasco LF, Amorim R, de 
Carvalho MB, et al. Hepatitis C is less aggressive in hemodialy-
sis patients than in nonuremic patients. Clin J Am Soc Nephrol 
2008;3:1385–1390

 28. Lemos LB, Perez RM, Lemos MM, Lanzoni VP, Draibe SA, 
Silva IS, et al. Hepatitis C in chronic kidney disease: predialysis 
patients present more severe histological liver injury than hemo-
dialysis patients? Am J Nephrol 2007;27:191–196

 29. Lai TS, Lee MH, Yang HI, You SL, Lu SN, Wang LY, et al. 
Hepatitis C viral load, genotype, and increased risk of develop-
ing end-stage renal disease: REVEAL-HCV study. Hepatology 
2017;66:784–793

 30. Lai TS, Lee MH, Yang HI, You SL, Lu SN, Wang LY, et al. 
High hepatitis C viral load and genotype 2 are strong predictors 
of chronic kidney disease. Kidney Int 2017;92:703–709

 31. de Paula FK, Carmo RA, de Figueiredo Antunes CM, Serufo 
JC, Nobre Júnior VA, Fonseca de Castro LP, et al. Hepatitis C, 
HCV genotypes and hepatic siderosis in patients with chronic 

https://www.who.int/publications/i/item/global-hepatitis-report-2017
https://www.who.int/publications/i/item/global-hepatitis-report-2017


1017Hepatology International (2022) 16:1001–1019 

1 3

renal failure on haemodialysis in Brazil. Nephrol Dial Transpl 
2007;22:2027–2031

 32. Fabrizi F, Takkouche B, Lunghi G, Dixit V, Messa P, Martin P. 
The impact of hepatitis C virus infection on survival in dialysis 
patients: meta-analysis of observational studies. J Viral Hepat 
2007;14:697–703

 33. Fabrizi F, Dixit V, Messa P. Impact of hepatitis C on survival in 
dialysis patients: a link with cardiovascular mortality? J Viral 
Hepat 2012;19:601–607

 34. 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 hemodialysis. Clin J Am 
Soc Nephrol 2017;12:287–297

 35. Henderson WA, Shankar R, Gill JM, Kim KH, Ghany MG, 
Skanderson M, et al. Hepatitis C progressing to hepatocellular 
carcinoma: the HCV dialysis patient in dilemma. J Viral Hepat 
2010;17:59–64

 36. Lee JJ, Chang JM, Yang LJ, Hsu CC, Lin MH, Lin MY. Trends 
of treated hepatitis B, hepatitis C, and tuberculosis infection 
in long-term hemodialysis patients in Taiwan: a nationwide 
survey in 2010–2018. J Formos Med Assoc 2022;121:S73-81

 37. Ingsathit A, Kamanamool N, Thakkinstian A, Sumethkul V. 
Survival advantage of kidney transplantation over dialysis in 
patients with hepatitis C: a systematic review and meta-analy-
sis. Transplantation 2013;95:943–948

 38. Rostami Z, Nourbala MH, Alavian SM, Bieraghdar F, Jahani 
Y, Einollahi B. The impact of Hepatitis C virus infection on 
kidney transplantation outcomes: a systematic review of 18 
observational studies: the impact of HCV on renal transplanta-
tion. Hepat Mon 2011;11:247–254

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

 40. Goodkin DA, Bieber B, Gillespie B, Robinson BM, Jadoul M. 
Hepatitis C infection is very rarely treated among hemodialysis 
patients. Am J Nephrol 2013;38:405–412

 41. Hsu YH, Hung PH, Muo CH, Tsai WC, Hsu CC, Kao CH. 
Interferon-based treatment of hepatitis C virus infection 
reduces all-cause mortality in patients with end-stage renal 
disease: an 8-year nationwide cohort study in Taiwan. Medi-
cine (Baltimore) 2015;94: e2113

 42. Söderholm J, Millbourn C, Büsch K, Kövamees J, Schvarcz R, 
Lindahl K, et al. Higher risk of renal disease in chronic hepati-
tis C patients: antiviral therapy survival benefit in patients on 
hemodialysis. J Hepatol 2018;68:904–911

 43. Akyüz F, Beşişik F, Pinarbaşi B, Demir K, Kaymakoğlu ST, 
Cakaloğlu Y, et al. The quality of life in hemodialysis patients 
with chronic hepatitis C virus infection. Turk J Gastroenterol 
2009;20:243–246

 44. Liu CH, Liang CC, Lin JW, Chen SI, Tsai HB, Chang CS, et al. 
Pegylated interferon alpha-2a versus standard interferon alpha-
2a for treatment-naive dialysis patients with chronic hepatitis 
C: a randomised study. Gut 2008;57:525–530

 45. Fontaine H, Alric L, Labreuche J, Legendre B, Louvet A, 
Antoine C, et al. Control of replication of hepatitis B and C 
virus improves patient and graft survival in kidney transplanta-
tion. J Hepatol 2019;70:831–838

 46. Liu CH, Huang CF, Liu CJ, Dai CY, Liang CC, Huang JF, et al. 
Pegylated interferon-α2a with or without low-dose ribavirin 
for treatment-naive patients with hepatitis C virus genotype 1 
receiving hemodialysis: a randomized trial. Ann Intern Med 
2013;159:729–738

 47. Liu CH, Liu CJ, Huang CF, Lin JW, Dai CY, Liang CC, et al. 
Peginterferon alfa-2a with or without low-dose ribavirin for treat-
ment-naive patients with hepatitis C virus genotype 2 receiving 
haemodialysis: a randomised trial. Gut 2015;64:303–311

 48. Tseng PL, Chen TC, Chien YS, Hung CH, Yen YH, Chang KC, 
et al. Efficacy and safety of pegylated interferon alfa-2b and rib-
avirin combination therapy versus pegylated interferon mono-
therapy in hemodialysis patients: a comparison of 2 sequentially 
treated cohorts. Am J Kidney Dis 2013;62:789–795

 49. European Association for the Study of the Liver. EASL recom-
mendations on treatment of hepatitis C: final update of the series. 
J Hepatol 2020;73:1170–1218

 50. AASLD-IDSA HCV Guidance Panel. Hepatitis C Guidance 
2018 Update: AASLD-IDSA recommendations for testing, man-
aging, and treating hepatitis C virus infection. Clin Infect Dis 
2018;67:1477–1492

 51. Omata M, Kanda T, Wei L, Yu ML, Chuang WL, Ibrahim A, 
et al. APASL consensus statements and recommendation on 
treatment of hepatitis C. Hepatol Int 2016;10:702–726

 52. Kanda T, Lau GKK, Wei L, Moriyama M, Yu ML, Chuang 
WL, et al. APASL clinical practice recommendation: how to 
treat HCV-infected patients with renal impairment? Hepatol Int 
2019;13:103–109

 53. Smolders EJ, de Kanter CT, van Hoek B, Arends JE, Drenth JP, 
Burger DM. Pharmacokinetics, efficacy, and safety of hepatitis C 
virus drugs in patients with liver and/or renal impairment. Drug 
Saf 2016;39:589–611

 54. Kosloski MP, Zhao W, Marbury TC, Preston RA, Collins MG, 
Pugatch D, et al. Effects of renal impairment and hemodialy-
sis on the pharmacokinetics and safety of the glecaprevir and 
pibrentasvir combination in hepatitis C virus-negative subjects. 
Antimicrob Agents Chemother 2018;62:e01990-e2017

 55. Mogalian E, Mathias A, Brainard D, Shen G, McNally J, Sajwani 
K, et al. The pharmacokinetics of GS-5816, a pangenotypic 
HCV-specific NS5A inhibitor, in HCV-uninfected subjects with 
severe renal impairment. J Hepatol 2015;62:S590–S591

 56. Lawitz E, Marbury T, Kirby BJ, Au NT, Mathias A, Stamm LM, 
et al. The effect of renal or hepatic impairment on the pharma-
cokinetics of GS-9857, a pangenotypic HCV NS3/4A protease 
inhibitor. J Hepatol 2016;64:S613

 57. Keating GM. Sofosbuvir: a review of its use in patients with 
chronic hepatitis C. Drugs 2014;74:1127–1146

 58. Cornpropst MT, Denning JM, Clemons D, Marbury TC, Alcorn 
H, Smith WB, et al. The effect of renal impairment and end stage 
renal disease on the single-dose pharmacokinetics of PSI-7977. 
J Hepatol 2012;56:S433

 59. Desnoyer A, Pospai D, Lê MP, Gervais A, Heurgué-Berlot A, 
Laradi A, et al. Pharmacokinetics, safety and efficacy of a full 
dose sofosbuvir-based regimen given daily in hemodialysis 
patients with chronic hepatitis C. J Hepatol 2016;65:40–47

 60. Hsu PY, Wei YJ, Lee JJ, Niu SW, Huang JC, Hsu CT, et al. 
Comedications and potential drug-drug interactions with direct-
acting antivirals in hepatitis C patients on hemodialysis. Clin Mol 
Hepatol 2021;27:186–196

 61. Liu CH, Yu ML, Peng CY, Hsieh TY, Huang YH, Su WW, et al. 
Comorbidities, concomitant medications and potential drug-drug 
interactions with interferon-free direct-acting antiviral agents 
in hepatitis C patients in Taiwan. Aliment Pharmacol Ther 
2018;48:1290–1300

 62. University of Liverpool HEP Drug Interactions Checker (2022). 
https:// www. hep- drugi ntera ctions. org/ check er. Accessed 05 June 
2022

 63. University of Liverpool COVID-19 Drug Interactions Checker 
(2022). https:// www. covid 19- drugi ntera ctions. org/ check er. 
Accessed 05 June 2022

 64. Gane E, Lawitz E, Pugatch D, Papatheodoridis G, Bräu N, Brown 
A, et al. Glecaprevir and pibrentasvir in patients with HCV and 
severe renal impairment. N Engl J Med 2017;377:1448–1455

 65. Lawitz E, Flisiak R, Abunimeh M, Sise ME, Park JY, Kas-
kas M, et al. Efficacy and safety of glecaprevir/pibrentasvir in 

https://www.hep-druginteractions.org/checker
https://www.covid19-druginteractions.org/checker


1018 Hepatology International (2022) 16:1001–1019

1 3

renally impaired patients with chronic HCV infection. Liver Int 
2020;40:1032–1041

 66. Liu CH, Yang SS, Peng CY, Lin WT, Liu CJ, Su TH, et al. 
Glecaprevir/pibrentasvir for patients with chronic hepatitis 
C virus infection and severe renal impairment. J Viral Hepat 
2020;27:568–575

 67. Atsukawa M, Tsubota A, Toyoda H, Takaguchi K, Nakamuta 
M, Watanabe T, et al. The efficacy and safety of glecaprevir 
plus pibrentasvir in 141 patients with severe renal impairment: 
a prospective, multicenter study. Aliment Pharmacol Ther 
2019;49:1230–1241

 68. Yen HH, Su PY, Zeng YH, Liu IL, Huang SP, Hsu YC, et al. 
Glecaprevir-pibrentasvir for chronic hepatitis C: comparing treat-
ment effect in patients with and without end-stage renal disease 
in a real-world setting. PLoS One 2020;15: e0237582

 69. Suda G, Hasebe C, Abe M, Kurosaki M, Itakura J, Izumi N, et al. 
Safety and efficacy of glecaprevir and pibrentasvir in Japanese 
hemodialysis patients with genotype 2 hepatitis C virus infection. 
J Gastroenterol 2019;54:641–649

 70. Yap DYH, Liu KSH, Hsu YC, Wong GLH, Tsai MC, Chen CH, 
et al. Use of glecaprevir/pibrentasvir in patients with chronic 
hepatitis C virus infection and severe renal impairment. Clin Mol 
Hepatol 2020;26:554–561

 71. Stein K, Stoehr A, Klinker H, Teuber G, Naumann U, John C, 
et al. Hepatitis C therapy with grazoprevir/elbasvir and gle-
caprevir/pibrentasvir in patients with advanced chronic kidney 
disease: data from the German Hepatitis C-Registry (DHC-R). 
Eur J Gastroenterol Hepatol 2022;34:76–83

 72. Borgia SM, Dearden J, Yoshida EM, Shafran SD, Brown A, Ben-
Ari Z, et al. Sofosbuvir/velpatasvir for 12 weeks in hepatitis C 
virus-infected patients with end-stage renal disease undergoing 
dialysis. J Hepatol 2019;71:660–665

 73. Liu CH, Chen CY, Su WW, Tseng KC, Lo CC, Liu CJ, et al. 
Sofosbuvir/velpatasvir with or without low-dose ribavirin for 
patients with chronic hepatitis C virus infection and severe renal 
impairment. Gut 2022;71:176–184

 74. Yu ML, Huang CF, Wei YJ, Lin WY, Lin YH, Hsu PY, et al. 
Establishment of an outreach, grouping healthcare system to 
achieve microelimination of HCV for uremic patients in haemo-
dialysis centres (ERASE-C). Gut 2021;70:2349–2358

 75. Gaur N, Malhotra V, Agrawal D, Singh SK, Beniwal P, Sharma 
S, et al. Sofosbuvir-velpatasvir fixed drug combination for the 
treatment of chronic hepatitis C infection in patients with end-
stage renal disease and kidney transplantation. J Clin Exp Hepa-
tol 2020;10:189–193

 76. Taneja S, Duseja A, Mehta M, De A, Verma N, Premkumar M, 
et al. Sofosbuvir and velpatasvir combination is safe and effec-
tive in treating chronic hepatitis C in end-stage renal disease on 
maintenance haemodialysis. Liver Int 2021;41:705–709

 77. Liu CH, Lee MH, Lin JW, Liu CJ, Su TH, Tseng TC, et al. 
Evolution of eGFR in chronic HCV patients receiving sofosbu-
vir-based or sofosbuvir-free direct-acting antivirals. J Hepatol 
2020;72:839–846

 78. De A, Roy A, Verma N, Mishra S, Premkumar M, Taneja S, 
et al. Sofosbuvir plus velpatasvir combination for the treatment 
of chronic hepatitis C in patients with end stage renal disease 
on renal replacement therapy: a systematic review and meta-
analysis. Nephrology (Carlton) 2022;27:82–89

 79. Reau N, Kwo PY, Rhee S, Brown RS Jr, Agarwal K, Angus 
P, et al. Glecaprevir/pibrentasvir treatment in liver or kidney 
transplant patients with hepatitis C virus infection. Hepatology 
2018;68:1298–1307

 80. Greco R, Papalia T, Bonofiglio R. Efficacy and safety of 
sofosbuvir and velpatasvir in renal transplant recipients with 
chronic hepatitis C virus infection. Nephrol Dial Transpl 
2019;34:SP786

 81. Reese PP, Abt PL, Blumberg EA, Goldberg DS. Transplanting 
hepatitis C-positive kidneys. N Engl J Med 2015;373:303–305

 82. Goldberg DS, Abt PL, Blumberg EA, Van Deerlin VM, Lev-
ine M, Reddy KR, et  al. Trial of transplantation of HCV-
infected kidneys into uninfected recipients. N Engl J Med 
2017;376:2394–2395

 83. Durand CM, Bowring MG, Brown DM, Chattergoon MA, Mas-
saccesi G, Bair N, et al. Direct-acting antiviral prophylaxis in 
kidney transplantation from Hepatitis C virus-infected donors to 
noninfected recipients: an open-label nonrandomized trial. Ann 
Intern Med 2018;168:533–540

 84. Reese PP, Abt PL, Blumberg EA, Van Deerlin VM, Bloom RD, 
Potluri VS, et al. Twelve-month outcomes after transplant of 
hepatitis C-infected kidneys into uninfected recipients: a single-
group trial. Ann Intern Med 2018;169:273–281

 85. Sise ME, Goldberg DS, Kort JJ, Schaubel DE, Alloway RR, 
Durand CM, et  al. Multicenter study to transplant hepatitis 
C-infected kidneys (MYTHIC): an open-label study of combined 
glecaprevir and pibrentasvir to treat recipients of transplanted 
kidneys from deceased donors with hepatitis C virus infection. J 
Am Soc Nephrol 2020;31:2678–2687

 86. Durand CM, Barnaba B, Yu S, Brown DM, Chattergoon MA, 
Bair N, et al. Four-week direct-acting antiviral prophylaxis for 
kidney transplantation from hepatitis C-viremic donors to hepa-
titis C-negative recipients: an open-label nonrandomized study. 
Ann Intern Med 2021;174:137–138

 87. Feld JJ, Cypel M, Kumar D, Dahari H, Pinto Ribeiro RV, Marks 
N, et al. Short-course, direct-acting antivirals and ezetimibe to 
prevent HCV infection in recipients of organs from HCV-infected 
donors: a phase 3, single-centre, open-label study. Lancet Gas-
troenterol Hepatol 2020;5:649–657

 88. Molnar MZ, Azhar A, Tsujita M, Talwar M, Balaraman V, Bhalla 
A, et al. Transplantation of kidneys from hepatitis C virus-
infected donors to hepatitis C virus-negative recipients: one-year 
kidney allograft outcomes. Am J Kidney Dis 2021;77:739–47.e1

 89. Kapila N, Menon KVN, Al-Khalloufi K, Vanatta JM, Murgas 
C, Reino D, et al. Hepatitis C virus NAT-positive solid organ 
allografts transplanted into hepatitis C virus-negative recipients: 
a real-world experience. Hepatology 2020;72:32–41

 90. Graham JA, Torabi J, Ajaimy M, Akalin E, Liriano LE, Azzi Y, 
et al. Transplantation of viral-positive hepatitis C-positive kid-
neys into uninfected recipients offers an opportunity to increase 
organ access. Clin Transpl 2020;34: e13833

 91. Jandovitz N, Nair V, Grodstein E, Molmenti E, Fahmy A, Abate 
M, et al. Hepatitis C-positive donor to negative recipient kid-
ney transplantation: a real-world experience. Transpl Infect Dis 
2021;23: e13540

 92. Torabi J, Rocca JP, Ajaimy M, Melvin J, Campbell A, Akalin 
E, et al. Commercial insurance delays direct-acting antiviral 
treatment for hepatitis C kidney transplantation into uninfected 
recipients. Transpl Infect Dis 2021;23: e13449

 93. Terrault NA, Burton J, Ghobrial M, Verna E, Bayer J, Klein C, 
et al. Prospective multicenter study of early antiviral therapy in 
liver and kidney transplant recipients of HCV-viremic donors. 
Hepatology 2021;73:2110–2123

 94. Gupta G, Yakubu I, Bhati CS, Zhang Y, Kang L, Patterson JA, 
et al. Ultra-short duration direct acting antiviral prophylaxis to 
prevent virus transmission from hepatitis C viremic donors to 
hepatitis C negative kidney transplant recipients. Am J Transpl 
2020;20:739–751

 95. Gupta G, Yakubu I, Zhang Y, Kimball P, Kang L, Mitchell 
K, et al. Outcomes of short-duration antiviral prophylaxis for 
hepatitis C positive donor kidney transplants. Am J Transpl 
2021;21:3734–3742

 96. Chen R, Li D, Zhang M, Yuan X. Sofosbuvir/velpatasvir prophy-
laxis for 12 weeks in hepatitis C virus (HCV)-negative recipients 



1019Hepatology International (2022) 16:1001–1019 

1 3

receiving kidney transplantation from HCV-positive donors. Ann 
Transpl 2021;26: e933313

 97. Sise ME, Goldberg DS, Schaubel DE, Fontana RJ, Kort JJ, Allo-
way RR, et al. One-year outcomes of the multi-center study to 
transplant hepatitis C-infected kidneys (MYTHIC) trial. Kidney 
Int Rep 2021;7:241–250

 98. Eckman MH, Woodle ES, Thakar CV, Alloway RR, Sherman KE. 
Cost-effectiveness of using kidneys from HCV-viremic donors 
for transplantation into HCV-uninfected recipients. Am J Kidney 
Dis 2020;75:857–867

 99. Hu TH, Su WW, Yang CC, Yang CC, Kuo WH, Chen 
YY, et  al. Elimination of hepatitis C virus in a dialysis 

population: a collaborative care model in Taiwan. Am J Kidney 
Dis 2021;78:511–519.e1

 100. Liu CH, Peng CY, Kao WY, Yang SS, Shih YL, Lin CL, et al. 
Hepatitis C virus reinfection in patients on haemodialysis after 
achieving sustained virologic response with antiviral treatment. 
Aliment Pharmacol Ther 2022;55:434–445

 101. Zhang J, Sun W, Lin J, Tian Y, Ma L, Zhang L, et al. Long-term 
follow-up of HCV infected kidney transplant recipients receiv-
ing direct-acting antiviral agents: a single-center experience in 
China. BMC Infect Dis 2019;19:645

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Pan-genotypic direct-acting antivirals for patients with hepatitis C virus infection and chronic kidney disease stage 4 or 5
	Abstract
	Introduction
	Epidemiology
	Natural history
	Treatment overview
	Metabolism of pan-genotypic DAAs in patients with CKD stage 4 or 5
	Drug–drug interactions (DDIs)

	Pan-genotypic DAAs for HCV in patients with CKD stage 4 or 5
	Glecaprevirpibrentasvir (GLEPIB)
	Sofosbuvirvelpatasvir (SOFVEL)
	Sofosbuvirvelpatasvirvoxilaprevir (SOFVELVOX)

	Risk of mortality with pan-genotypic DAA treatment
	Pan-genotypic DAAs for HCV in patients with CKD stage 4 or 5 following KT
	HCV-negative recipients from HCV-positive kidney donors
	Glecaprevirpibrentasvir (GLEPIB)
	Sofosbuvirvelpatasvir (SOFVEL)
	Sofosbuvirvelpatasvirvoxilaprevir (SOFVELVOX)
	Post-transplantation outcomes

	HCV elimination in patients with CKD stage 4 or 5

	Conclusion
	Acknowledgements 
	References




