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Abstract

Aim of the study: The aim is to summarize the effectiveness and safety of genotype-specific and pangenotypic 
hepatitis C virus (HCV) treatments in patients with renal failure.

Material and methods: In the EpiTer-2 database, which includes data from 22 hepatology centers in Poland, 
593 patients with HCV infection and kidney failure were identified. According to KDIGO 2022, they fulfilled  
the criteria of chronic kidney disease. Patients were divided into two groups: treated with genotype-specific 
regimens (n = 428) and pangenotypic options (n = 165), in relation to the stage of kidney disease determined 
using the glomerular filtration rate (GFR) (Cockcroft and Gault equation). Two separate groups were created for 
hemodialyzed patients (n = 134) and patients after kidney transplantation (n = 89).

Results: In a total of 593 patients, 78.7% were treatment-naïve and 23.9% had liver cirrhosis, in 27.5% of cases 
decompensated. In both groups, the dominant genotype was GT1b. Among patients treated with genotype-spe-
cific regimens, LDV/SOF ± RBV, OBV/PTV/r + DSV ± RBV, and GZR/EBR ± RBV treatments were given to 31.5%, 
31.5%, and 34.8% of patients respectively. In pangenotypic regimens, GLE/PIB was chosen in 50.3%. Ninety-six 
percent and 98.8% of patients in the genotype-specific regimen and 88.5% and 94.8% in the pangenotypic 
regimen achieved a sustained virologic response at 12 weeks (SVR12) in the intention-to-treat and per protocol 
population respectively. Liver cirrhosis was identified as a risk factor for virological failure. During the study,  
14 patients died, 7 in each of the two groups, none related to the antiviral treatment.

Conclusions: Both types of treatment regimens are equally effective and safe in patients with renal failure.  
The stage of renal failure or transplant does not influence the antiviral response.
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Introduction

Just a few years ago, the hepatitis C virus (HCV) 
infection in hemodialyzed patients suffering from 
chronic kidney disease (CKD) had a very significant 
impact on their outcome [1]. Renal replacement ther-
apy increased the risk of virus transmission. On the 
other hand, HCV untreated for many years led to  
the increase of proteinuria and ultimately the progres-
sion of the condition to its final stage which requires 
renal replacement therapy [2, 3]. Metabolic complica-
tions such as diabetes, arterial hypertension, obesity, 
or lipid disorders occur more often in patients infected 
with HCV. They are independent risk factors for the 
progression of the patient’s kidney disease and cardio-
vascular complications, the main cause of high mortal-
ity among CKD patients [4, 5]. In times of interferon 
(IFN) and ribavirin (RBV), the therapeutic possibilities 
and their effectiveness were limited [6]. The complica-
tions of an ongoing chronic HCV infection, increasing 
prevalence due to progressing fibrosis or cirrhosis, as 
well as various extra-hepatic manifestations, and also 
being disqualified from transplant procedures, were 
responsible for the shorter life expectancy of CKD 
patients infected with HCV. They also left the patients 
with a feeling of social isolation [7]. The later improve-
ments in sanitary oversight, adherence to sterilization 
rules, control over blood donors, and early detection 
have significantly lowered HCV transmission among 
the population which was once considered a group of 
increased risk. The real breakthrough came with new 
treatment possibilities, which were provided by direct 
antiviral agents (DAA) and their subsequent genera-
tions, which have nearly 100% antiviral effectiveness 
and an improved safety profile [8, 9]. Not only do these 
drugs have an influence on the prognosis for the entire 
HCV-infected population, but they also contribute to 
the microelimination of infections and allow for the 
eradication of HCV on a global scale [10-12]. 

This observational and multicenter study aims to 
summarize the effectiveness and safety of genotype- 
specific and pangenotypic HCV treatments in pa-
tients in various stages of renal failure, hemodialyzed, 
and after kidney transplantation. The study takes into  
account the stage of liver fibrosis, genotype (GT),  
decompensation, comorbidities, and drugs taken by 

patients. The secondary aim is to optimize the selec-
tion of a therapeutic regimen depending on the avail-
ability and financial possibilities of a given center. 

Material and methods

Study population

In July 2015 the Polish Association of Epidemiolo-
gists and Infectiologists initiated the EpiTer-2 project, 
which includes 22 hepatology centers in Poland diag-
nosing and treating chronic hepatitis C. Patients are 
treated according to the current guidelines of global 
hepatology associations and following the therapeutic 
program financed by the National Health Fund [13-15]. 
The data are available only to doctors participating in 
the project and are archived using a web-based ques-
tionnaire.

This made it possible to identify 593 patients among 
over 15 thousand who were entered into the database 
and according to the KDIGO 2022 definition ful-
filled the criteria for CKD related to the kidneys being 
malformed or malfunctioning. Patients were divided 
into two groups: those treated with genotype-specif-
ic regimens (n = 428) and with pangenotypic options  
(n = 165), and concerning the kidney disease depen-
dent on the stage of renal failure determined using 
glomerular filtration rate (GFR; Cockcroft and Gault 
equation): G1 and G2 – GFR ≥ 60 ml/min/1.73 m2, 
G3 – GFR 30-59 ml/min/1.73 m2, G4 and G5 – GFR 
≤ 29 ml/min/1.73 m2. Two separate groups were creat-
ed for hemodialyzed patients and patients after kidney 
transplantation. Apart from basic information such 
as age, gender, body mass index (BMI), and comorbi- 
dities, the study also included information on the ex-
trahepatic manifestations (cryoglobulinemia, thyroid 
dysfunction, thrombocytopenia unrelated to liver cir-
rhosis) and drugs (proton-pump inhibitors, statins, 
anticoagulants), which due to interactions with other 
drugs could potentially influence the effectiveness of 
antiviral treatment or cause increased adverse effects 
(Table 1). The patients receiving the regimen contain-
ing ritonavir routinely had their calcineurin inhibitor 
doses modified, with control of tacrolimus through 
levels, before and during antiviral treatment.

Table 2 shows the parameters for liver disease: gen-
otype, stage of fibrosis, percentage of patients in B and 
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C class according to Child-Pugh (CP) classification in 
patients with cirrhosis, as well as details of decompen-
sation history, the occurrence of hepatocellular carci-
noma (HCC), HBV (HBsAg+) and HIV coinfection, 
and liver transplantation.

The stage of liver fibrosis was measured with non- 
invasive methods: transient elastography using Fibro- 
Scan (Echosens, Paris), or shear wave elastography us-
ing Aixplorer (Supersonic, Aix-en-Provence). The cut-
off values for individual fibrosis levels were presented  

Table 1. Baseline characteristics of patients

Parameter Genotype-specific regimens, n = 428 Pangenotypic regimens, n = 165 P-value

Gender (female/male), n (%) 202 (47.2)/226 (52.8) 74 (44.8)/91 (55.2) 0.6075

Age (years), median (IQR) 58 (45, 66) 57 (46, 69) 0.4036

Female 58 (46, 66) 58 (48, 71) 0.2381

Male 58 (43, 66) 55 (44, 68) 0.9325

BMI, median (IQR) 25.2 (22.5, 27.9) 25.3 (22.2, 28.2) 0.9641

Kidney failure, n (%)

G1, G2 102 (23.8) 48 (29.1) 0.9335

G3 141 (32.9) 47 (28.5) 1

G4, G5 22 (5.2) 10 (6.1) 1

Hemodialyzed 95 (22.2) 39 (23.6) 1

KTx 68 (15.9) 21 (12.7) 1

Comorbidities, n (%)

Hypertension 294 (68.7) 104 (63.0) 1

Diabetes 117 (27.3) 45 (27.3) 1

Dyslipidemia 19 (4.4) 6 (3.6) 1

Cardiovascular disease 79 (18.5) 29 (17.6) 1

Autoimmune diseases 14 (3.3) 6 (3.6) 1

Non-HCC tumors 21 (4.9) 8 (4.8) 1

Concomitant medications, n (%) 376 (87.9) 143 (86.7) 0.6959

PPI 120 (28) 29 (17.6) 0.0255

Statins 38 (8.9) 11 (6.7) 1

Anticoagulants 136 (31.8) 33 (20) 0.0132

Extrahepatic manifestations of HCV, n (%)

Any 67 (15.7) 32 (19.4) 0.2738

Cryoglobulinemia 41 (9.6) 24 (15) 0.2484

Thyroid abnormalities with presence  
of anti-thyroid antibodies

7 (1.6) 1 (0.6) 1

Thrombocytopenia in noncirrhotics 2 (0.5) 5 (3) 0.0603

ALT (IU/l), median (IQR) 40 (26, 61) 46 (29, 76) 0.0236

Bilirubin (mg/dl), median (IQR) 0.6 (0.4, 0.9) 0.6 (0.4, 0.8) 0.2512

Albumin (g/dl), median (IQR) 3.9 (3.6, 4.3) 4 (3.5, 4.3) 0.6091

INR, median (IQR) 1 (1, 1.1) 1 (1, 1.1) 0.0276

Creatinine (mg/dl), median (IQR) 1.4 (1.1, 3) 1.5 (1, 3.1) 0.7649

Hemoglobin (g/dl), median (IQR) 12.7 (11.3, 14.3) 13 (11.5, 14.5) 0.1965

Platelets (× 1000/µl), median (IQR) 181 (139, 235) 184 (127, 233) 0.7236

HCV RNA (× 106 IU/ml), median (IQR) 0.9 (0.3, 2.4) 0.6 (0.3, 3.4) 0.3142

ALT – alanine transaminase, BMI – body mass index, HCC – hepatocellular carcinoma, HCV – hepatitis C virus, INR – international normalized ratio, IQR – interquartile range,  
KTx – kidney transplantation, PPI – proton-pump inhibitors
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in accordance with the European Association for the 
Study of the Liver recommendations [14, 15].

The choice of antiviral treatment was decided upon 
by the physician based on the recommendations and 
drug reimbursements on offer in a given period from 
the National Health Fund.

The occurrence of a sustained virological response 
(SVR) was evaluated at least twelve weeks after the end 
of treatment (EOT) by the assessment of the ribonucle-
ic acid (RNA) of HCV. Results were interpreted as “tar-
get not detected” (TND) meaning undetectable viral 
load and “target detected” (TD) indicating detectable 

Table 2. Characteristics of liver disease

Parameter Genotype-specific regimens, n = 428 Pangenotypic regimens, n = 165 P-value

Genotype, n (%) < 0.0001

1 2 (0.5) 3 (1.8)

1a 14 (3.2) 4 (2.4)

1b 374 (87.4) 100 (60.6)

2 0 1 (0.6)

3 0 42 (25.5)

4 38 (8.9) 15 (9.1)

GT3/non-GT3 0/428 (100) 42 (25.5)/123 (74.5) < 0.0001

GT1b/non-GT1b 374 (87.4)/54 (12.6) 100 (60.6)/65 (39.4) < 0.0001

Liver fibrosis, n (%) 0.2097

F0 12 (2.8) 1(0.6)

F1 164 (38.3) 63 (38.2)

F2 94 (22) 29 (17.6)

F3 46 (10.7) 20 (12.1)

F4 95 (22.2) 47 (28.5)

No data 17 (4) 5 (3)

F0-F3 316 (73.8) 113 (68.5) 0.3842

F4 95 (22.2) 47 (28.5) 0.1078

F0-F2 270 (63.1) 93 (56.4) 0.2646

F3-F4 141 (32.9) 67 (40.6) 0.1594

Child-Pugh, n (%)

B 22 (5.1) 17 (10.3) 0.0460

C 2 (0.5) 1 (0.6) 1

History of hepatic decompensation, n (%)

Ascites 32 (7.5) 12 (7.3) 1

Encephalopathy 15 (3.5) 3 (1.8) 1

Esophageal varices, n (%) 68 (15.9) 14 (8.5) 0.0193

Hepatic decompensation at baseline, n (%)

Moderate ascites – responded to diuretics 13 (3) 7 (4.2) 1

Tense ascites – did not respond to diuretics 2 (0.5) 1 (0.6) 1

Encephalopathy 5 (1.2) 3 (1.8) 1

HCC history, n (%) 19 (4.4) 5 (3) 0.4352

OLTx history, n (%) 45 (10.5) 2 (1.2) < 0.0001

HIV coinfection, n (%) 3 (0.7) 9 (5.5) 0.0008

HBV coinfection (HBsAg+), n (%) 7 (1.6) 5 (3) 0.2797

F – fibrosis stage, GT – genotype, HCC – hepatocellular carcinoma, HBsAg – hepatitis B surface antigen, HIV – human immunodeficiency virus, HBV – hepatitis B virus,  
OLTx – orthotopic liver transplantation
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HCV RNA. Patients who then still had a detectable  
viral load were categorized as virologic nonresponders.

Throughout the treatment course and a 12-week 
follow-up period, safety data were collected. This in-
cluded information on adverse events (AEs), as well as 
any occurrences of deaths. Additionally, the data en-
compassed details about modifications or discontinua-
tions of the therapy course when necessary.

Ethical considerations

Treatment of patients with drugs registered in  
Poland and under the therapeutic program did not 
require the approval of the Bioethics Committee.  
This was according to the pharmaceutical regulations 
at the time (Law of September 6, 2001, Pharmaceutical 
Law, art. 37al).

Statistical analysis

Categorical data were presented as numbers and 
percentages. Group comparisons were performed us-
ing Pearson’s χ2 test or Fisher’s exact test (as appropri-
ate). Continuous data (age, BMI, and laboratory mark-
ers) were summarized by the median and interquartile 
range (IQR). The data did not meet the Gaussian dis-
tribution; they were checked with the Shapiro-Wilk 
test, and differences between the groups were assessed 
using the nonparametric Mann-Whitney test. In the 
multiple comparisons, the Bonferroni correction was 
applied. The SVR was evaluated for all patients who 
initiated the treatment as intent-to-treat (ITT) analysis 
and after the exclusion of those lost to follow-up as per 
protocol (PP) analysis. P-values of < 0.05 were consid-
ered to be statistically significant. All statistical analyses 
were performed using Statistica v. 13 (StatSoft, Tulsa, 
OK, United States) and GraphPad Prism 5.1 (GraphPad 
Software, Inc., La Jolla, CA).

Results

Characteristics of the study group

Five hundred and ninety-three patients with chro-
nic kidney disease were identified in the EpiTer-2 da-
tabase, including 134 undergoing hemodialysis and  
88 after kidney transplantation. In 99 of those patients 
(15.7%) extrahepatic manifestations of HCV were iden-
tified, most often cryoglobulinemia (n = 65; 65.65%). 
Comorbidities such as arterial hypertension (67.11% 
of patients), cardiovascular diseases (18.21%), diabetes 
(27.31%), and dyslipidemia (4.21%) are typical compli-
cations or the causes of chronic kidney disease. More 

than 85% of patients in both groups were taking other 
medications: anticoagulants (20%), proton-pump inhi- 
bitors (17.6%), and statins (6.7%), which due to drug 
interactions could influence the antiviral response and 
lead to increased adverse effects. The basic characteris-
tics of the patients are presented in Table 1.

In total, 467 patients were treatment-naïve, 75.5% 
and 87.3% in genotype-specific and pangenotypic 
groups of patients respectively, 22.2% and 28.5% had 
liver cirrhosis, of whom 23.2% and 36.2% were scored 
at baseline as B in the CP classification, with single 
persons in each group in class C (data are shown in  
Tables 2 and 3). Four hundred and twenty-eight pa-
tients received genotype-specific regimens, and 165 pa-
tients were treated with pangenotypic options (detailed 
information shown in Table 3).

In both groups, the dominant genotype was GT1b 
(87.4% and 60.6% in the genotype-specific and pange-
notypic regimens, respectively). Pangenotypic treat-
ment was given to 25.5% of patients with GT3 and  
9.1% with GT4.

Attention should be paid to the relatively low per-
centage of patients with a history of HCC (n = 24,  
17% of all patients with cirrhosis). Nearly 8% of patients 
underwent liver transplantation in the past, which in- 
troduced prolonged treatment with a calcineurin  
inhibitor as an additional factor contributing to kid-
ney damage.

Treatment regimens

In the population of patients treated with geno-
type-specific regimens, ledipasvir (LDV)/sofosbuvir 
(SOF) ± RBV, ombitasvir (OBV)/paritaprevir (PTV)/
ritonavir (r) + dasabuvir (DSV) ± RBV and grazopre-
vir (GZR)/elbasvir (EBR) ± RBV treatments were giv-
en to 31.5%, 31.5% and 34.8% patients respectively. In 
pangenotypic regimens, glecaprevir (GLE)/pibrentas-
vir (PIB) was the most common option (50.3%). This 
regimen, along with the combination of SOF/velpat-
asvir (VEL) with or without RBV, represented “new” 
pangenotypic options. Seventeen patients in the first 
years of the DAA era received SOF + RBV, which was 
considered an “old” pangenotypic option.

In pangenotypic regimens the most often adminis-
tered option was GLE/PIB (50.3%). Seventeen patients 
in the first years of DAA era received SOF + RBV.

In the genotype-specific treatments, the LDV/SOF 
± RBV regimen was most often chosen in patients  
with GFR ≥ 30 ml/min, while in patients with GFR  
< 30 ml/min (6.7%) drugs with potentially lower neph-
rotoxicity were more often included.
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Table 3. Treatment characteristics of infected patients

Parameter Genotype-specific regimens, n = 428 Pangenotypic regimens, n = 165 P-value

History of previous therapy, n (%) 0.0003

Treatment-naïve 323 (75.5) 144 (87.3)

Nonresponder 42 (9.8) 3 (1.8)

Relapser 23 (5.4) 14 (8.5)

Discontinuation due to safety reason 23 (5.4) 2 (1.2)

Unknown type of response 16 (3.7) 2 (1.2)

No data 1 (0.2) 0

Current treatment regimen, n (%)

Genotype-specific treatment regimens

ASV + DCV 7 (1.6) – NA

LDV/SOF ± RBV 135 (31.5) – NA

OBV/PTV/r + DSV ± RBV 135 (31.5) – NA

GZR/EBR ± RBV 149 (34.8) – NA

Other 2 (0.5) – NA

Pangenotypic regimens

GLE/PIB – 83 (50.3) NA

SOF/VEL ± RBV – 65 (39.4) NA

SOF + RBV – 17 (10.3) NA

Current-RBV-containing therapies, n (%) 117 (27.3) 25 (15.1) 0.0018

ASV – asunaprevir, DCV – daclatasvir, DSV – dasabuvir, EBR – elbasvir, GLE – glecaprevir, GZR – grazoprevir, LDV – ledipasvir, OBV – ombitasvir, PIB – pibrentasvir, PTV/r – paritaprevir, 
RBV – ribavirin, SOF – sofosbuvir, VEL – velpatasvir

p = 0.0003 for Genotype-specific regimens vs. “Old” pangenotypic regimens (ITT analysis) 
p = 0.0075 for Genotype-specific regimens vs. “New” pangenotypic regimens (ITT analysis)
p = < 0.0001 for Genotype-specific regimens vs. “Old” pangenotypic regimens (PP analysis) 
p = 0.0648 for Genotype-specific regimens vs. “New” pangenotypic regimens (PP analysis)

Fig. 1. Therapy effectiveness by treatment regimen with comparison of genotype-specific vs. pangenotypic options, and between pangenotypic old (SOF + RBV) 
and new (GLE/PIB and SOF/VEL + RBV) regimens according to the intention-to-treat (ITT) and per protocol (PP) analysis
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Table 4. Comparison of virological responders and nonresponders to direct-acting antiviral therapy

Parameter Responders, n = 556 Nonresponders, n = 13 P-value

Gender (female/male), n (%) 264 (47.5)/292 (52.5) 3 (23.1)/10 (76.9) 0.0965

Age (years), median (IQR) 57 (45, 66) 59 (48, 69) 0.5084

BMI, median (IQR) 25.2 (22.3, 28) 27.1 (24.4, 28.7) 0.3266

Genotype-specific treatment regimens, n (%)

ASV + DCV 6 (1.1) 1 (7.7) 1

LDV/SOF ± RBV 129 (23.2) 0 0.3776

OBV/PTV/r + DSV ± RBV 131 (23.6) 3 (23.1) 1

GZR/EBR ± RBV 142 (25.5) 1 (7.7) 1

Other 2 (0.4) 0 1

Pangenotypic regimens, n (%)

GLE/PIB 77 (13.8) 1 (7.7) 1

SOF/VEL ± RBV 56 (10.1) 4 (30.8) 0.3088

SOF + RBV 13 (2.3) 3 (23.1) 0.0352

Regimen, n (%)

Genotype-specific 410 (73.7) 5 (38.5) 0.0046

Pangenotypic 146 (26.3) 8 (61.5) 0.0046

Current-RBV-containing therapies, n (%) 121 (21.8) 2 (15.4) 0.7441

Comorbidities, n (%)

Hypertension 372 (66.9) 10 (76.9) 1

Diabetes 149 (26.8) 5 (38.5) 1

Autoimmune diseases 19 (3.4) 0 1

Non-HCC tumors 25 (4.5) 1 (7.7) 1

Dyslipidemia 24 (4.3) 0 1

Cardiovascular disease 97 (17.4) 3 (23.1) 1

Kidney failure, n (%)

G1, G2 142 (25.5) 7 (53.8) 0.1085

G3 173 (31.1) 5 (38.5) 1

G4, G5 30 (5.4) 0 1

Hemodialyzed 128 (23) 0 0.2380

KTx 83 (14.9) 1 (7.7) 1

Concomitant medications, n (%) 485 (87.2) 12 (92.3) 0.5862

PPI 137 (24.6) 3 (23.1) 1

Statins 41 (7.4) 1 (7.7) 1

Anticoagulants 153 (27.5) 5 (38.5) 1

Genotype, n (%) 0.0063

GT3/non-GT3 34 (6.1)/522 (93.9) 4 (30.8)/9 (69.2) 0.0078

GT1b/non-GT1b 448 (80.6)/108 (19.4) 8 (61.5)/5 (38.5) 0.0890

Liver fibrosis, n (%)

F0-F3 413 (74.3) 3 (23.1) 0.0004

F4 126 (22.7) 8 (61.5) 0.0022

F0-F2 349 (62.8) 3 (23.1) 0.0132

F3-F4 190 (34.2) 8 (61.5) 0.0812



Clinical and Experimental Hepatology 4/2023 327

Real-world effectiveness of genotype-specific and pangenotypic direct-acting antivirals in HCV-infected patients with renal failure

Parameter Responders, n = 556 Nonresponders, n = 13 P-value

History of previous therapy, n (%) 0.6281

Treatment-naïve 436 (78.4) 9 (69.2)

Nonresponder 42 (7.5) 2 (15.4)

Relapser 36 (6.5) 1 (7.7)

Discontinuation due to safety reason 24 (4.3) 0

Unknown type of response 17 (3.1) 1 (7.7)

No data 1 (0.2) 0

History of hepatic decompensation, n (%)

Ascites 36 (6.5) 3 (23.1) 1

Encephalopathy 5 (0.9) 0 1

Documented esophageal varices, n (%) 70 (12.6) 5 (38.5) 0.0124

Hepatic decompensation at baseline, n (%)

Encephalopathy 36 (6.5) 1 (7.7) 1

Moderate ascites – responded to diuretics 13 (2.3) 2 (15.4) 0.1284

Tense ascites – did not respond to diuretics 2 (0.4) 0 1

HCC history, n (%) 20 (3.6) 2 (15.4) 0.0860

OLTx history, n (%) 47 (8.5) 0 0.6143

Child-Pugh, n (%)

B 27 (4.9) 6 (46.2) < 0.0001

C 2 (0.4) 0 1

ASV – asunaprevir, BMI – body mass index, DCV – daclatasvir, DSV – dasabuvir, EBR – elbasvir, F – fibrosis stage, GLE – glecaprevir, GT – genotype, GZR – grazoprevir, HCC – hepatocellular 
carcinoma, IQR – interquartile range, KTx – kidney transplantation, LDV – ledipasvir, OBV – ombitasvir, OLTx – orthotopic liver transplantation, PIB – pibrentasvir, PPI – proton-pump 
inhibitors, PTV/r – paritaprevir, RBV – ribavirin, SOF – sofosbuvir, VEL – velpatasvir

Table 4. Cont.
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Fig. 2. Treatment effectiveness in patients treated with genotype-specific and pangenotypic regimens (excluding SOF + RBV regimen) according to kidney 
function in per protocol (PP) analysis; HD – hemodialysis, Ktx – kidney transplantation 

Antiviral treatment effectiveness

Ninety-six percent of patients in the genotype-spe-
cific treatment arm and 88.5% of patients who received 
the pangenotypic regimens (including the “old” SOF 
+ RBV regimen) achieved SVR12 in the ITT analysis 

(Fig. 1). Of the 569 patients available for evaluation, 
98% (n = 556) achieved SVR12 (per protocol) – 98.9% 
(410/415 patients) of those treated with genotype-spe-
cific regimens and 94.8% (146/154 patients) treated 
with pangenotypic drugs. It needs to be stressed, how- 
ever, that in the pangenotypic treatment arm, the SOF 
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+ RBV regimen was taken into account, in which 
81.3% of patients achieved SVR12 (13/16 patients). 
If the patients treated with SOF + RBV are excluded,  
the “new” pangenotypic regimens allowed 96.4% of 
patients to achieve SVR12 (Fig. 1). Of the 415 patients 
treated with genotype-specific regimens (PP analysis), 
5 did not respond to the antiviral treatment, of which 
3 were treated in the OBV/PTV/r + DSV ± RBV reg-
imen and 1 in the GZR/EBR ± RBV and asunaprevir 
(ASV) + daclatasvir (DCV) regimens.

Virologic failure was noted in eight patients of the 
154 treated with pangenotypic regimens, of which four 
were treated with SOF/VEL ± RBV, three with SOF  
+ RBV, and one with GLE/PIB (Table 4). The addition 
of RBV to the antiviral regimen did not increase the 
percentage of virological response.

When comparing patients infected with GT3 HCV 
to the non-GT3 population, it can be seen that the first 
did not respond to antiviral treatment significantly 
more often than the latter (30.8% vs. 6.1%). Similar-
ly, the treatment failed statistically significantly more 
frequently in patients with the most advanced fibro-
sis and cirrhosis (61.5% in F4 vs. 23.1% in the case of 
fibrosis F0-F3 and 61.5% in patients with F3-F4 vs. 
23.1% in F0-F2). Among the patients with more ad-
vanced kidney failure (G4-G5), hemodialyzed, and 
after kidney transplant, 100% responded to the anti- 
viral treatment (Fig. 2). A comparative analysis of ef-
fectiveness showed no difference based on the type 
of DAA regimen, while an additional sub-analysis by 
gender, stage of liver disease, GT HCV and history of 
prior therapy documented an advantage for genotype- 
specific vs. “new” pangenotypic options in men and 
patients with cirrhosis (Fig. 3).

Among patients treated with proton-pump inhibi-
tors, statins, and anticoagulants, no significant differ-
ences in the virologic response or the percentage of ad-
verse effects were noted. Similar data can be seen when 
analyzing both groups concerning comorbidities: arte-
rial hypertension, diabetes, autoimmunological disor-
ders, lipid disorders, and tumors other than HCC.

Table 5 shows 13 patients, who did not achieve  
SVR 12. The group consisted of 3 women and 10 men. 

In 8 of these cases, liver cirrhosis had been con-
firmed before treatment started, while 2 patients had 
no data on the level of fibrosis. Genotype 3 HCV was 
identified in 4 patients. 

When comparing patients who responded to anti-
viral treatment and virologic non-responders, several 
factors can be identified, which can potentially be relat-
ed to the lack of response to treatment. These are male 
gender, older age, overweight, liver cirrhosis, history of 
decompensation, GT3, and hypoalbuminemia. Howev-
er, only liver cirrhosis reached statistical significance.

Safety

In both groups, genotype-specific and pangenotyp-
ic, the course of treatment by the regimen was com-
parable (92.5% and 90.9%). The situation was similar 
when the treatment was terminated or modified.

Changes to the therapeutic regimen usually were re-
lated to the decrease of dosage or discontinuation of RBV 
due to anemia. One of the patients, due to black vomit, 
itchy rash, and nightmares, discontinued the treatment 
for 10 days. The treatment was then continued and the 
patient ultimately achieved SVR12. A different patient 
had the treatment extended from 8 to 12 weeks.

Fig. 3. Treatment effectiveness in patients treated with genotype-specific and pangenotypic regimens (excluding SOF + RBV regimen) according to gender, 
genotype (GT), liver fibrosis stage and history of previous treatment in per protocol (PP) analysis; SOF – sofosbuvir, RBV – ribavirin, F – fibrosis stage, T – treatment
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In the genotype-specific group, at least one adverse 
effect was reported significantly more frequently as 
compared to the pangenotypic group (39.5% vs. 25.5%, 
p = 0.0014). The most common adverse effects report-
ed were weakness and fatigue, as well as anemia, all 
documented at a significantly higher rate in patients 
receiving genotype-specific regimens. These symp-
toms occurred also noticeably more often in patients 
who were administered RBV.

Ten patients with decompensated liver cirrhosis – 
class B according to the CP classification – received  
a regimen with protease inhibitor. Liver decompensa-
tion progressed in three of these patients, and in two 
cases the treatment had to be discontinued. They were 
all treated with OBV/PTV/r ± DSV ± RBV.

In total, during the study period, 14 patients died, 7 in 
each of the two groups. None of the cases were related 
to the antiviral treatment according to the researchers.

Table 5. Characteristics of 13 virologic failures with genotype-specific and pangenotypic regimens

Patient; 
age 
(years)

F, CP GT Kidney 
failure

Regimen Comorbidities History  
of previous 

therapy

Baseline  
HCV RNA  

× 106, IU/ml

Treatment course EOT Comment

W1; 42 2 3 KTx SOF + RBV,  
24 weeks

AH TN 8.2 According  
to schedule

TND

W2; 46 2 1B G3 OBV/PTV/r  
+ DSV, 12 weeks

AH TN 7.5 According  
to schedule

TND HIV 
coinfection

W3; 59 1B G1-G2 OBV/PTV/r  
+ DSV+RBV,  

12 weeks

AH, CVD, MPGN Treatment 
ineffective – 

unknown type 
of response

0.3 Therapy 
discontinuation  

– 2nd week

TD

M1; 69 4, A 1B G3 GZR/EBR,  
12 weeks

DM, AH, CVD, non-
HCC tumors

TN 0.1 According  
to schedule

TND HCC

M2; 59 4, A 3 G1-G2 SOF/VEL,  
24 weeks

Nephrolithiasis, gout Relapser 4.8 According  
to schedule

TND

M3; 75 4, B 1B G1-G2 OBV/PTV/r  
+ DSV, 12 weeks

DM, AH, 
cholecystolithiasis

TN 0.2 Therapy 
discontinuation  

– 4th week

No 
data

Decompen-
sated liver 
cirrhosis

M4; 77 2 1B G3 GLE/PIB, 8 weeks DM, AH TN 5 Therapy 
discontinuation  

– 1st week

No 
data

HCC

M5; 76 1B G1-G2 ASV + DCV,  
24 weeks AH, CVD TN

According  
to schedule TD

M6; 67 4, B 3 G3 SOF + RBV,  
24 weeks

DM, AH, Nonresponder < 0.1 Therapy 
modification  
– 2nd week

TND

M7; 55 4, B 3 G1-G2 SOF + RBV,  
24 weeks

DM, AH, 
nephrolithiasis, 

depression, alcohol 
use disorder

Nonresponder 0.4 According  
to schedule

TND

M8; 49 4, B 1B G1-G2 SOF/VEL,  
12 weeks

AH TN 4.1 According  
to schedule

TND Decompen-
sated liver 
cirrhosis

M9; 48 4, B 1B G1-G2 SOF/VEL + RBV, 
12 weeks

Polycystic 
degeneration of the 
kidneys, esophagitis, 
alcohol use disorder

TN 0.3 According  
to schedule

TND

M10; 42 4, B 1A G1-G2 SOF/VEL,  
12 weeks

Mental retardation TN < 0.1 According  
to schedule

TND

AH – arterial hypertension, ASV – asunaprevir, CP – Child-Pugh scale, CVD – cardiovascular disease, DCV – daclatasvir, DM – diabetes mellitus, DSV – dasabuvir, EBR – elbasvir, 
EOT – end of treatment, F – fibrosis, GLE – glecaprevir, GT – genotype, GZR – grazoprevir, HCC – hepatocellular carcinoma, KTx – kidney transplantation, M – male, MPGN – 
membranoproliferative glomerulonephritis, OBV – ombitasvir, PIB – pibrentasvir, PTV/r – paritaprevir, RBV – ribavirin, SOF – sofosbuvir, TD – target detected, TND – target not detected, 
VEL – velpatasvir, W – women
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Discussion

The development of noninvasive methods of liver 
fibrosis level assessment and access to highly effective 
and safe DAA made it possible to modify the approach 
to the treatment of the most difficult patients with 
chronic HCV infection [16]. Such patients included 
those with advanced kidney failure, hemodialyzed, 
and patients after kidney transplantation [17, 18].

The SVR rate in patients treated with IFN and RBV 
was only slightly above 40%; in 30% it was necessary 
to terminate the treatment for various reasons, which 
were often severe adverse effects, and the lack of pros-
pects for a safe transplant more often than not deter-
mined the life of patients with CKD [19].

The first IFN-free treatment with SOF in 2014 still 
did not overcome the barrier for patients with GFR  
< 30 ml/min/1.73 m2. The drug was not registered for 
this patient population due to the risk of accumulation 

and toxicity of its metabolites in those with kidney fail-
ure of stage 4 or greater [20]. Additionally, the regimen 
SOF + RBV, despite its improved virological response 
percentage, still remained sub-optimal. Of the 17 pa-
tients treated with SOF + RBV in our population, 82% 
achieved SVR, which is in line with the results of other 
studies [21]. Three failures were in patients with GT3 
infection, another two patients also had cirrhosis and 
one was after a kidney transplantation. Similar conclu-
sions were presented by Feld et al. in the summary of 
the TARGET Study [22]. Patients with GT3 infection 
and cirrhosis achieved 58% SVR or even responded in 
a lower rate (42%) if they had a failed antiviral treat-
ment in their history. In the following years, studies 
summarized in the Fabrizi et al. meta-analysis (over-
view of 6 studies with 69 patients) and another one by 
Li et al. (21 studies, 717 patients) in the 4th and 5th stage 
of CKD, confirm their stable function during and after 
treatment with SOF [9, 23]. 

Table 6. Safety of antiviral therapy of infected patients

Parameter Genotype-specific regimens,  
n = 428

Pangenotypic regimens, 
n = 165

P-value

Therapy course, n (%) 0.7034

According to schedule 396 (92.5) 150 (90.9)

Discontinuation 16 (3.8) 5 (3)

Modification 13 (3) 7 (4.3)

No data 3 (0.7) 3 (1.8)

Patients with at least one AE, n (%) 169 (39.5) 42 (25.5) 0.0014

Serious AEs, n (%) 13 (0.2) 8 (0.6) 0.2849

AEs leading to treatment discontinuation, n (%) 13 (0.2) 5 (3) 0.9964

Most common AEs (≥ 1%), n (%)

Weakness/fatigue 112 (26.2) 23 (13.9) 0.0015

Anemia 55 (12.8) 8 (4.8) 0.0046

Skin lesions 6 (1.4) 0 0.1936

Itchy skin 9 (2.1) 3 (1.8) 1

Diarrhea 1 (0.2) 2 (1.2) 0.1887

Nausea 11 (2.6) 0 0.0400

Headaches 16 (3.7) 6 (3.6) 0.9530

Abdominal pain 8 (1.9) 2 (1.2) 0.7339

Loss of appetite 2 (0.5) 2 (1.2) 0.3099

AEs related to statins 1 (0.2) 0 1

AEs of particular interest (cirrhotics),  n (%)  n = 95 n = 47

Ascites 8 (8.4) 1 (2.1) 0.3507

Encephalopathy 7 (7.4) 3 (6.4) 1

Gastrointestinal bleeding 3 (3.2) 0 0.5508

Death, n (%) 7 (1.6) 7 (4.2) 0.0610

AE – adverse event



Clinical and Experimental Hepatology 4/2023 331

Real-world effectiveness of genotype-specific and pangenotypic direct-acting antivirals in HCV-infected patients with renal failure

Hence the newest recommendations from EASL 
and AASLD for patients with impaired kidney func-
tion suggest treatment following general guidelines, 
without the need to adjust the DAA dosage regardless 
of the level of kidney failure [14, 15]. The only remark 
refers to RBV if the antiviral regimen includes it in  
the treatment.

In both recommendations, a treatment alternative 
can be found for patients with GFR < 30 ml/min/1.73 m2, 
with end-stage renal failure and hemodialyzed. These 
include both genotype-specific regimens (GZR and 
EBR) and pangenotypic (GLE and PIB). Such choices 
can be considered after the analysis of the ERCHIVES 
Study data published by Butt et al. [24]. The lowering 
of GFR > 10 ml/min/1.73 m2 in patients with stage 4-5 
CKD was decidedly more often noted in those treated 
with LDV/SOF than LDV/SOF + RBV, or OBV/PTV/r 
+ DSV (6.5% vs. 3.3% vs. 1.8% respectively). In our 
study, the most often chosen genotype-specific regi-
men for hemodialyzed patients and those with CHKD 
G4-G5 infected with GT1was GZR/EBR ± RBV.  
The response to treatment was excellent, with only 1 in 
143 patients not achieving SVR. This was a patient with 
liver cirrhosis and HCC. Equally excellent results in pa-
tients with HCV GT1 infection and stage 4-5 CKD were 
presented by Roth et al. in the C-SURFER study [25]. 
Ignoring the patients who discontinued the treatment 
due to reasons other than virological failure, SVR was 
achieved by 99% of the treated individuals. Alric et al., 
confirming the 97% success rate of the treatment, re-
ferred to its safety and drug interactions [26]. Similarly 
as in our observation, in most cases, patients did not 
require any adjustments in the dosage of concomi-
tant drugs. The necessity of starting renal replacement 
therapy, the discontinuation of antiviral treatment, or 
the patient’s death was in more cases related to a co-
morbidity than the selected treatment course. This is 
confirmed by a temporary, at EOT, improvement in re-
nal function in 12 out of 32 patients with CKD stage 3 
presented by Reddy et al., of whom 50% maintained an 
improved GFR > 60 ml/min/1.73 m2 at follow-up week 
12, while the remaining patients’ parameters decreased 
to their initial values [27].

In the EpiTer-2 study, the LDV/SOF ± RBV regimen 
was significantly more often chosen for patients with 
GFR > 30 ml/min/1.73 m2. This treatment was admin-
istered to 135 patients (31.5%), including 42 (31.1%) af-
ter kidney transplantation. All of the patients available 
for a follow-up assessment achieved SVR after 12 weeks. 
Stable graft functioning was reported in 31 patients  
after transplantation at EOT and for consecutive 
months [28]. In fact, Morales et al. reported the worsen-
ing of graft function in 28.1% (n = 9) of patients treated 

with LDV/SOF [29]. However, this was a temporary 
state, and in summary, all patients returned to the ini-
tial creatinine levels after the EOT. In addition, in pa-
tients treated with calcineurin inhibitors, fluctuations 
in tacrolimus or cyclosporin levels are an additional 
factor influencing renal function. These circumstances 
were not encountered by Okubo et al., who managed 
to confirm stable renal function in 132 patients with 
CKD stage 3 before treatment, at EOT, and 12 weeks 
after completing the treatment with LDV/SOF, whose 
eGFR was 51%, 52.2%, and 52.7% respectively [30]. 

Bringing the genotype-specific treatment topic to  
a close, it is necessary to mention the, now historic, 
regimen of OBV/PTV/r + DSV ± RBV, which was ad-
ministered to 31.5% of patients (n = 135). Although 
the virological failure rate was the highest in compar-
ison to all other genotype-specific treatment options 
(23.1% vs. 15.4%), 98% still achieved SVR. These re-
sults are analogous to those presented by other real- 
world researchers, such as Sanai et al. – 100% SVR PP, 
Sperl et al. – also 100% SVR, or Lawitz et al. in RUBY-I 
and RUBY-II – 94% and 96% SVR, or in the meta-anal-
ysis by Pogorzelska et al. [31-34]. 

It is worth underlining that our patients with more 
advanced kidney failure (G4-G5), hemodialyzed and 
after kidney transplantation responded to the anti-
viral treatment in 100% of cases. These data differ 
from those presented by Wiegand et al., where SVR  
was achieved by 89% and 92% of patients with GFR  
> 15-30 ml/min/1.73 m2 and 0-15/HD (hemodialyzed) 
respectively [35].

Pangenotypic regimens of GLE/PIB and SOF/VEL 
with or without RBV have been available in Poland 
since 2018. It is worth noting that although the current 
analysis showed no overall differences in SVR rates in 
patients treated with these options compared to geno-
type-specific regimens, we documented their signifi-
cantly lower effectiveness in men and patients with 
cirrhosis. It is difficult to clearly comment on these 
findings and refer to other studies due to the different 
effectiveness reported for individual DAA regimens, 
both in clinical trials and real-world studies, depend-
ing on the baseline characteristics of the analyzed pop-
ulations [36].

In our study, the GLE/PIB regimen was adminis-
tered to half of the patients. This was the most popular 
treatment offered to hemodialyzed patients. Neither 
glecaprevir nor pibrentasvir is secreted through the 
kidneys, which made this pangenotypic treatment 
preferred from the start in patients with renal failure. 
Only one of our patients, who did not achieve SVR, 
had to discontinue the treatment after two weeks 
due to adverse effects. Gane et al. in NEJM present-
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ed equally excellent results with an SVR rate of 98% 
from a multi-center study of stage 3 EXPEDITION-4 
[37]. The study assessed the effectiveness and safety of  
12-week treatment with GLE/PIB in patients with 
stage 4 and 5 renal failure, mostly hemodialyzed.  
The most frequent adverse effect in these patients was 
itchiness, which differed from the adverse effects ob-
tained in our study. It needs to be remembered, howev-
er, that in patients with calcium-phosphate homeostasis 
disorders, observed in secondary hyperparathyroid-
ism resulting from renal failure, itchiness is a very 
common phenomenon. At the same time, a drug inter-
action strengthening this effect cannot be excluded. In  
a modified study protocol, EXPEDITION-5, the au-
thors assessed 8, 12, and 16-week treatment with GLE/
PIB in patients with stage 3b,4, and 5 CKD. The du-
ration of treatment was dependent on GT, liver fibro-
sis, and a history of non-responsiveness to treatment. 
Excluding the patients who discontinued the treat-
ment (n = 2) or were not available for follow-up ob-
servation (n = 1), an excellent result of 100% SVR was 
achieved with no adverse effects related to DAA. Of 
the 24 patients with CKD 3b or 4, none had any sig-
nificant changes registered in average eGFR since the 
beginning of the study, through their EOT, and up to  
4 weeks after the treatment ended [38].

In the analysis of the 13 non-responders in our co-
hort, 4 (30.8%) were treated with SOF/VEL ± RBV. All 
these patients had liver cirrhosis, with one patient hav-
ing decompensation of the liver and another one being 
infected with GT3, and another 2 patients, due to their 
alcohol issues and mental disorders, were suspected 
not to be taking their medications regularly. Looking 
at the entire SOF/VEL ± RBV subgroup as a whole, 
the SVR was 93.3%. It needs to be noted that this reg-
imen was most often chosen for patients with GFR  
> 30 ml/min/1.73 m2. Hemodialyzed patients, or those 
treated with peritoneal dialysis, received SOF/VEL in  
a multi-center study of stage 2 presented by Borgia et al. 
[39]. Regardless of the genotype, history of treatment 
failure, and fibrosis stage, an SVR was achieved by 95% 
of patients. Additionally, in the majority of cases due to 
comorbidities, patients were administered many oth-
er drug groups potentially interacting with the DAA, 
which in turn could reduce the antiviral effectiveness, 
or increase the toxicity of the other drugs. While de-
scribing the adverse effects, the authors have, however, 
excluded their relation with the DAA [38]. In a collec-
tive study summary by Fabrizi et al. on SOF/VEL the 
drop-out rate due to adverse effects in advanced renal 
failure was < 5% and in the majority of studies no one 
discontinued therapy [9].

Adverse effects reported in our study do not differ 
from the majority of reports. The most often reported 
ones are fatigue/weakness and anemia. These adverse 
effects were noticeably more often reported by patients 
treated with RBV. Adverse effects leading to treatment 
discontinuation and death were more frequent in 
pangenotypic treatments in comparison to the geno-
type-specific arm (0.2% vs. 3% and 1.6% vs. 4.2% re-
spectively), although attention needs to be drawn to  
3 out of the 15 patients with liver cirrhosis, a history of 
liver decompensation or qualified to B or C on the CP 
scale treated with genotype-specific regimens.

In all cases, researchers excluded the relation be-
tween DAA and decompensation or death of the pa-
tients. However, 2 patients treated with a protease in-
hibitor (OBV/PTV/r ± DSV) had, at the time of starting 
treatment, liver cirrhosis, CP B, and both discontinued 
treatment in the 4th week due to decompensation. They 
both had contraindications for liver transplantation.

One may ask whether the antiviral treatment should 
have been discontinued in these patients. Or should 
another therapeutic regimen have been suggested?  
At least 7 patients with decompensated liver cirrhosis 
had strong contraindications for a liver transplanta-
tion/simultaneous liver and kidney transplantation. 
Looking at data by Gentile et al. from the Italian Liver 
Network Activity (LINA) cohort, antiviral treatment 
could have been the only chance to stabilize liver func-
tion and extend survivability [40]. Of the 89 patients 
with CP B liver cirrhosis, throughout the first month 
of treatment and during the last observation 45.5% 
and 61.8% patients respectively improved their liver 
function, getting qualified as class A CP. Only 4 (4.5%) 
patients had deterioration of their liver function (CP B 
→ CP C), and 3 (3.4%) experienced at least one decom-
pensation episode during treatment.

Of the 2 of our patients with CP C liver cirrhosis 
treated with LDV/SOF ± RBV, one died in the 20th week 
of treatment due to a hemorrhage from gastric varices. 
Tahata et al. reported nearly 50% of CP C liver cirrhosis 
decompensation episodes during DAA treatment [41]. 
In the case of patients with CP B, decompensation and 
subsequent hospitalization occurred in 12.1% of cases. 

The main limitation of the study is the non-homo-
geneous observation group, which reduces the total 
number of individual subgroups and makes drawing 
definite conclusions difficult.

Studies conducted in real-world conditions relate 
to therapeutic processes introduced in real clinical en-
vironments and they should be understood as such. 
On the other hand, due to the difficulty in avoiding re-
searcher subjectivity, related to the choice of the treat-
ment regimen, its modifications, adverse effect report-
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ing as well as a differing outlook on the issue, there is  
a potential risk of an incomplete set of coherent data in 
the complex summary.

Conclusions

Both regimens, the genotype-specific and pange-
notypic, are equally effective and safe in patients with 
renal failure. The stage of kidney failure, renal replace-
ment therapy, and transplants do not influence the anti- 
viral response. The majority of failures of the antivi-
ral treatment are a result of the selection of the “old” 
pangenotypic regimen of SOF + RBV, premature dis-
continuation of treatment due to adverse effects, and 
the potential lack of cooperation from the patient.
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