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Background Patients who undergo hemodialysis (HD) or kidney transplantation (KTx) 
previously had limited possibilities for treatment of hepatitis C virus (HCV) infection. Direct-
acting antivirals (DAA) give these patients a chance of virus eradication and safe transplantation. 
The aim of this study was to evaluate the effectiveness and safety of DAA in KTx and HD patients 
in real-world settings.

Methods Sustained virologic response (SVR) and treatment safety were analyzed in KTx and HD 
patients from the EpiTer-2 database, which included HCV-infected subjects treated with DAA 
between 2015 and 2019. Additionally, for KTx patients, changes in creatinine concentration, 
estimated glomerular filtration rate (eGFR), proteinuria within a year after treatment, and changes 
in the need for calcineurin inhibitors were assessed.

Results Among 10,152 patients from the EpiTer-2 database 148 were selected, 85 after KTx and 
63 undergoing HD. The most common genotype, 1b HCV, was found in 73% and 86% of patients, 
respectively. Cirrhosis was noted in 10% and 19%, respectively. The most common DAA regimen 
after KTx was sofosbuvir/ledipasvir (54%), whereas in HD patients it was ombitasvir/paritaprevir/
ritonavir +/- dasabuvir (56%). All patients with available follow-up results achieved SVR. No 
deaths, kidney loss or acute rejection episodes were noted. The most common adverse effects in 
both groups were anemia and weakness. One year after treatment, creatinine concentration, eGFR 
and proteinuria remained stable in the majority of patients. 

Conclusion DAA treatment of HCV infection demonstrated high effectiveness and safety in 
hemodialyzed patients and patients who had undergone KTx in this real-world study.
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Abstract

Introduction

The significant progress seen over the recent years in treating 
hepatitis C virus (HCV) infection, due to the introduction of 
direct-acting antivirals (DAA), has become an opportunity 
to eradicate the virus among the most susceptible groups of 
patients, i.e., those suffering from cirrhosis, post-transplant or 
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hemodialysis patients. According to data from the World Health 
Organization, the issue of hepatitis C involves 71 million people, 
and each year approximately 400,000 die from cirrhosis and/
or hepatocellular carcinoma  [1]. Extrahepatic manifestations 
accompanying a chronic HCV infection, including diabetes, 
cardiovascular disorders or glomerulopathy, increase the 
prevalence and mortality of infected patients [2-5].

Medical procedures with tissue breakdown, sanitary 
negligence and the necessity of blood transfusion in resistant 
anemia are the main reasons why HCV infections are more 
common in patients with chronic kidney disease [6,7]. 
According to data presented in the KDIGO 2018 report, the 
frequency of HCV infection in hemodialysis patients is from 
3.8-31.1%, depending on the region [7]. HCV-infected kidney 

transplant (KTx) recipients have worse patient and allograft 
survival after transplantation compared with uninfected 
KTx recipients. This happens because in dialysis patients the 
HCV infection is associated with greater all-cause morbidity 
and mortality. The reduced survival is not only related to the 
decompensated cirrhosis and hepatocellular carcinoma; in 
these patients HCV infection is associated with posttransplant 
proteinuria, episodes of rejection, increased risk of diabetes, 
cardiovascular diseases, malignancies and allograft loss [8,9].

KTx is the best treatment option for patients with kidney 
failure. The eradication of the virus before transplant became 
possible with the introduction of DAA, which not only guarantee 
a near 100% virologic response, but have also been confirmed as 
safe, regardless of the stage of liver fibrosis, previous treatment 
failures or the stage of chronic kidney disease [10].

Early identification of chronic HCV infection, before the 
development of cirrhosis and its complications, raises the 
chances of an effective antiviral treatment. It also prevents the 
necessity of a risky decision regarding simultaneous kidney 
and liver transplantation. Moreover, it can affect the survival 
time of the kidney graft and prevents potential drug-drug 
interactions [11-15]. DAA therapies are the beginning of a new 
chapter in obtaining organs from HCV positive donors, which 
can significantly shorten the transplant waiting time [16-18]. 
The aim of this study was to assess the effectiveness and safety 
of DAA treatment in HCV patients who have undergone KTx 
or hemodialysis in real-world settings. Observations after 
KTx also included changes in kidney function measured by 
creatinine concentration, estimated glomerular filtration rate 
(eGFR), the Modification of Diet in Renal Disease (MDRD) 
equation, and proteinuria (protein-creatinine ratio) 1 year after 
the end of the antiviral treatment.

Patients and methods

Study design

EpiTer-2 is an investigator-initiated study, supported by 
the Polish Association of Epidemiologists and Infectiologists, 
which involved 22 Polish centers involved in the diagnosis and 
treatment of HCV-infected patients. The database includes 
10,152 patients treated for HCV infection in Poland between 
2015 and 2019, as was described previously [19]. Data for 
all patients treated in a therapeutic program reimbursed 
by the Polish National Health Fund (NFZ) were collected 
retrospectively with a web-based questionnaire. The regimen 
was selected from available therapeutic options, based on 
the physician’s judgment, and was administered according 
to the protocol of the NFZ therapeutic program, product 
characteristics, and recommendations of the Polish Group of 
Experts for HCV [20,21]. The current study included patients 
who had undergone KTx and hemodialyzed patients selected 
from the main EpiTer-2 database, regardless of the degree of 
kidney failure measured by eGFR. 

The immunosuppressive treatment was modified only 
when significant drug-drug interactions were expected, such 
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as between cyclosporine (CSA) and elbasvir/grazoprevir 
or glecaprevir/pibrentasvir. In these cases, cyclosporin was 
switched to tacrolimus (TAC). The decision regarding the date 
of DAA treatment in relation to the transplant date was made 
by the attending physician. 

Patients

Of the 10152 patients from the EpiTer-2 database, 
148 adults were included in the current study, 85 after KTx and 
63 hemodialyzed, treated for chronic HCV infection between 
July 2015 and July 2019 in 17 hepatologic centers in Poland. 
Patients were followed for 1 year after the end of treatment 
(EOT) regarding kidney function after the transplantation. 
The studied patients, with HCV infection diagnosed for at least 
6 months before the beginning of treatment, were infected with 
genotype (GT) 1-6 and in all stages of liver fibrosis. The stage 
of liver fibrosis was estimated based on transient elastography 
and/or liver biopsy (METAVIR). Patients were either treatment 
naïve or had a history of treatment failure, which included 
treatment discontinuation due to safety concerns, viremic 
relapse after treatment termination, nonresponse to treatment 
or treatment discontinuation due to patient decision or reasons 
unknown. 

All patients receiving immunosuppressive treatment had 
to have stable calcineurin inhibitor concentrations, which 
in reality meant a minimum 3 months of observation after 
transplantation. The treatment duration was from 8-24 weeks. 
According to the guidelines, after the start of treatment, 
consecutive visits were scheduled every 4 weeks and 12 weeks 
after EOT. Medication was administered according to the 
medical product guidelines. The initial dosage of ribavirin was 
set by the attending physician, individually for each patient. 
Any decision on ribavirin dosage modification during DAA 
treatment was based on clinical or laboratory adverse events.

Assessment of treatment effectiveness and safety

Effectiveness was evaluated based on the rate of EOT 
response and sustained virologic response (SVR12), defined 
as undetectability of HCV RNA in blood 12 weeks after 
treatment termination. SVR was presented either as intent-to-
treat (ITT) analysis or after exclusion of patients lost to follow 
up as a modified ITT (mITT). HCV RNA detection level 
was <18  IU/mL, but varied across study centers depending 
on the assay used (<15  IU/mL in 88.0% of patients). Plasma 
HCV RNA concentrations were measured using quantitative 
polymerase chain reaction assays: COBAS TaqMan HCV v2.0 
(Roche Molecular Diagnostics, Pleasanton, CA, USA), COBAS 
AmpliPrep HCV (Roche Molecular Diagnostics, Pleasanton, 
CA, USA) and the m2000 Real-Time System (Abbott 
Molecular, Des Plaines, IL, USA). Safety outcomes, such as 
adverse events and laboratory abnormalities, were followed 
during the treatment and 12-week follow-up period. Safety 
data analysis also included the possible effect of DAA on the 

function of a transplanted kidney (measured by the creatinine 
concentration and eGFR, as well as proteinuria), assessment 
of the risk of acute rejection of the transplanted kidney and 
interaction with immunosuppressive medications.

Statistical analysis

Data are presented as means + standard deviations or n 
(%) with respective ranges. P-values of <0.05 were considered 
to be statistically significant.  Additionally, calculations were 
performed using the NVIDIA Jetson TX1 platform and 
the Python/R language. Consecutive results analysis, their 
interpretation and export to spreadsheets were conducted using 
a scientific distribution of Anaconda. The indicated statistical 
features had their goodness of distribution verified by Cramer 
von Mises, Lilliefors and Shapiro-Wilk tests and parametric or 
non-parametric tests were selected for related groups. 

Ethics

Patients were treated with registered medication and 
anonymized data were collected retrospectively; therefore, 
informed consent was not required.

Results

Of the patients who had undergone KTx 51% were women, 
and the average age was 50 (range 27-74) years. As shown in 
Table 1, the most common GT in this group, found in 73% of 
patients, was GT1b, followed by GT4 (19%). 

It is worth noting the low level of liver fibrosis (F0-F1) 
observed in 67% of patients. Cirrhosis was identified 
in 11% of cases. In 2 patients (2.4%) an episode of liver 
decompensation was noted. There were no patients diagnosed 
with hepatocellular carcinoma. The majority (91%) of patients 
were HCV treatment naïve, while the remaining 8 (9.4%) 
had failed previous treatment with pegylated interferon alfa. 
None of the patients was previously administered a DAA 
regimen. The average time since KTx was 151 months, with the 
earliest being 3  months after transplantation, which allowed 
a stable creatinine and calcineurin inhibitor concentration 
to be obtained. Regarding the current DAA regimen, the 
majority of patients (73%) received a 12-week antiviral schema 
(Table 1). More than half the patients (60%) were administered 
a sofosbuvir-based regimen, and 16.5% of patients were 
administered ombitasvir/paritaprevir/ritonavir +/- dasabuvir 
(OPrD). More than half the patients (52%) received ribavirin 
in addition to the basic regimen. Apart from 1 patient, who 
discontinued antiviral treatment after 7 weeks because of 
adverse events, the remaining patients completed therapy 
according to schedule. Among 69 patients with detailed data, 
25% had significant transplanted kidney failure with eGFR 
<30 mL/min/1.73 m2, which additionally explained the diversity 



DAAs in kidney transplant and hemodialysis patients  441

Annals of Gastroenterology  34

Parameter Studied population n=148

KTx n=85 HD n=63

Females/males, n (%) 43/42 (50.6%/49.4%) 25/38 (39.7%/60.3%)

Age (years), mean ±SD; min-max 50.0 (11.3); 27-74 51(13); 25-77

HCV genotype, n (%)
1a
1b
3
4

2 (2.4%)
62 (72.9%)

5 (5.9%)
16 (18.8%)

3 (4.8%)
54 (85.7%)

0
6 (9.5%)

Fibrosis, n (%)
F0
F1
F2
F3
F4

8 (9.4%)
49 (57.6%)
10 (11.8%)
9 (10.6%)
9 (10.6%)

1 (1.6%)
22 (34.9%)
14 (22.2%)
12 (19.1)
14 (22.2)

Liver decompensation 2 (2.4%) 0

Hepatocellular carcinoma 0 0

MELD, mean±SD; min-max 11.8(5.1); 6-22 20(3); 9-32

HCV RNA, IU/mL 3663717.8 (5597108.7);
350.0 – 38100000.0

2449540.7(538782.6);
350.0-35000000.0

Current regimen (weeks) n (%)
OBV/PTV/r+ DSV (8)
OBV/PTV/r+ DSV (12)
OBV/PTV/r+ DSV+RBV (12) 
OBV/PTV/r+ DSV+RBV (24) 
OBV/PTV/r+ RBV (12) 
OBV/PTV/r+ RBV (24) 
LDV/SOF (8)
LDV/SOF (12)
LDV/SOF (24)
LDV/SOF +RBV (12)
LDV/SOF+RBV (24)
SOF + RBV (12)
SOF + RBV (24)
GZR/EBR (12)
GZR/EBR+RBV (16)
ASV+DCV (24)
GLE/PIB (8) 

0
6 (7%)

2 (2.3%)
0

5 (5.8%)
1 (1.1%)
5 (5.8%)
17 (20%)

0
22 (26%)
2 (2.4%)

0
5 (5.9%)
10 (12%)
7 (8.2%)
2 (2.3%)
1 (1.2%)

1 (1.6%)
31 (49%)
2 (3.2%)
1 (1.6%)

0
0
0

3 (4.8%)
0
0

1 (1.6%)
0
0

15 (24%)
5 (7.9%)
4 (6.3%)

0

History of primary regimen failure, n (%)
Not treated
Discontinued for safety reason
Relapse
Non-response
Other#

77 (90.6%)
3 (3.5%)
1 (1.2%)
2 (2.3%)
2 (2.4%)

42 (66.7%)
5 (7.9%)
5 (7.9%)
6 (9.6%)
5 (7.9%)

Baseline, mean ±SD (min-max)
Albumin, g/dL
Hemoglobin, g/dL
Platelet count, 103/L
Creatinine, mg/dL

4.0 (0.4); 2.5-4.7
12.8 (2.2); 7.5-17.5

195 (66.1); 43.0-449
1.9 (1.2); 0.5-5.3

3.9 (6.8); 2.3-4.3
11.4 (1.9); 6.9-16.4
173 (57.8); 64-355

NA

Time since transplantation (months), median (range) 151(98); 3-350 NA

Baseline eGFR (mL/min/1,73 m2), n (%)
<30
30-60
>60

n=69
21 (30.4%)
20 (29%)

28 (40.6%)

NA

Table 1 Baseline demographics and disease characteristics

(Contd...)
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in treatment choice. The most common immunosuppressive 
regimen was a tri-medication with prednisone, tacrolimus and 
mycophenolate mofetil. At EOT, undetectable HCV RNA was 
noted in 84 patients (99%). The only patient with a detectable 
viral load at the EOT was treatment naïve, with low-grade 
liver fibrosis (F1), infected with GT1b, who received 8 weeks 
of the sofosbuvir/ledipasvir regimen, but he finally achieved 
SVR12. Five of 85 patients were lost to follow up, but all 
available for final evaluation achieved SVR. Therefore, the SVR 
rate calculated according to ITT analysis was 94%, whereas 
according to mITT it was 100% (Fig. 1). 

No death or acute kidney rejection was observed. There was 
one treatment discontinuation after 7 weeks due to adverse 
effects, although finally this patient achieved SVR. The most 
common adverse events were anemia, fatigue, weakness, 
headaches, and itching (Table  2). In patients who had 
undergone KTx all the cases of anemia were related to ribavirin 
treatment.

One year after EOT, the kidney function, measured as a 
change in creatinine concentration, eGFR and proteinuria, 
was stable in most cases, with respective values of 64%, 57% 
and 87% (Table 3). However, the difference between baseline 
and EOT, was not statistically significant for any of these 3 
measures. 

The calcineurin inhibitor concentration changes were more 
significant for tacrolimus, which resulted from the antiviral 
regimen selection (Table  4). The dosage of tacrolimus was 
modified in 86% of patients during antiviral treatment and 
increased in more than half (54%) after the EOT (Table 5).

Among 63 hemodialyzed patients, the majority were male 
(60%) and the mean age was 51±13 years (Table  1). As in 
the post-KTx patients, the most common GT was 1b (86%). 
In 64% patients, significant liver fibrosis ≥F2 was noted, 
including cirrhosis in 22%. None of the patients presented 
liver decompensation or hepatocellular carcinoma. Forty-two 
patients (67%) were treatment naïve, while the remainder had 
failed to achieve SVR despite interferon-based therapy. The 
most commonly selected antiviral regimen, administered to 
more than half of the patients (56%), was OPrD. The treatment 
lasted for 8-24 weeks and 9 patients (14%) received ribavirin, 
which was discontinued during the treatment. Two patients 
discontinued treatment because of adverse events. HCV RNA 
was undetectable at the EOT in all patients, including those 

who discontinued treatment. The SVR12 rate according to 
ITT was 97%, whereas calculated according to mITT it was 
100% (Fig. 1). There were no deaths during the treatment or 
follow-up period. The most common adverse events were 
anemia, weakness, fatigue, headache, and itching. Anemia was 
noted in all hemodialyzed  patients who were administered 
ribavirin, and additionally in 11 patients without ribavirin in 
their antiviral regimen. The deepening anemia resulted from 
complications of the underlying disease and had no relation to 
the antiviral treatment.

None of the patients required blood transfusion, and all 
hemodialyzed patients were administered erythropoietin 
according to the procedures of renal replacement therapy. 

Table 2  Adverse events during antiviral treatment in patients after 
kidney transplantation and in hemodialysis patients

Adverse event n=85 % n=63 %

Death 0 0 0 0

Acute rejection 0 0 NA NA

Treatment discontinuation 1 1.1 2 3.1

Anemia 23 27.0 20 31.7

Weakness 22 25.8 7 11.1

Fatigue 22 25.8 2 3.1

Headache 4 4.7 2 3.1

Pruritus 3 3.5 3 4.3

Giddiness 1 1.1 1 1.5

Urosepsis Proteus mirabilis 1 1.1 0 0

Vomiting 1 1.1 1 1.5

Hypotension 1 1.1 1 1.5

Nightmare 1 1.1 0 0

Nausea 1 1.1 1 1.5

Limb pain 1 1.1 0 0

Swelling 1 1.1 0 0

Cough 1 1.1 1 1.5

Muscle weakness 1 1.1 0 0

Malaise 1 1.1 0 0
NA, not available

Parameter Studied population n=148

KTx n=85 HD n=63

Immunosuppressant medication, n (%)
Tacrolimus
Cyclosporine
Mycophenolate mofetil
Sirolimus
Glucocorticoids

n=69
50 (72.5%)
19 (27.5%)
54 (78.3%)

2 (2.9%)
54 (78.3%)

NA

ASV+DCV, asunaprevir + daclatasvir; eGFR, estimated glomerular filtration rate; GLE/PIB, glecaprevir/pibrentasvir; GZR/EBR, grazoprevir/elbasvir; LDV/SOF, 
ledipasvir/sofosbuvir; MELD, model for end-stage liver disease; OBV/PTV/r+/-DSV, ombitasvir/paritaprevir/ritonavir+/-dasabuvir; RBV, ribavirin; KTx, kidney 
transplantation; HD, hemodialysis

Table 1 (Continued)
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Discontinuation of the treatment was due to itching or 
headache.

Discussion

According to the newest recommendations of the European 
Association for the Study of the Liver, non-hepatic solid organ 
transplant recipients, including kidney, heart, lung, pancreas 
or small bowel recipients, should be treated for their HCV 
infection before or after transplantation, and such patients 
require individual assessment [22].

Before KTx, patients on the waiting list can be treated 
according to the general  recommendations, with no need 
for dose adjustments of HCV DAAs.  In patients with end-
stage renal disease requiring hemodialysis, the fixed-dose 

combination of glecaprevir and pibrentasvir, the fixed-dose of 
grazoprevir and elbasvir or ombitasvir/‌paritaprevir/ritonavir 
+/- dasabuvir (for patients infected with GT1b only) are the 
preferred choices. In case of liver decompensation (Child-
Pugh B or C) and mild to moderate renal impairment (eGFR 
≥30 mL/min/1.73 m2) the patient should be treated with a fixed 
dose combination of sofosbuvir and velpatasvir with ribavirin 
for 12 weeks or without ribavirin for 24 weeks in severe renal 
impairment (eGFR < 30 mL/min/1.73 m2).

After KTx, recipients should be treated with a fixed-dose 
combination of sofosbuvir and velpatasvir for 12 weeks, without 
the need for immunosuppressant drug dose adjustments, or 

Table 4 Mean ±SD concentration of tacrolimus and cyclosporin, at 
baseline, maximal during DAA treatment and one year after EOT in 
patients after kidney transplantation (data for 69 patients)

Trough level (ng/mL) 
mean±SD; min-max

Tacrolimus, 
n=50

Cyclosporine, n=19

Baseline 5.8 (1.3); 2.4-8.7 130.1 (85.8); 54.0-366.2

Maximal during DAA 
treatment

7.6 (2.7); 4.4-15.3 145.2 (127.1); 78.0-500.0

One year after EOT 5.3 (1.9); 1.7-9.9 91.4 (20.3); 69.4-120.0
DAA, direct-acting antivirals; EOT, end of treatment; SD, standard deviation

Table 5 Modification of the calcineurin inhibitor dosage

Calcineurin inhibitor Dose modification 
n=69

Comment

Tacrolimus, n=50 43 (86.0%) 27 (54.0%) Dose 
increase after the EOT

Cyclosporine, n=19 7 (36.8%) 1 (5.3%) Dose increase 
after the EOT

EOT, end of treatment

Table 3 Changes in the values of creatinine concentration, eGFR and 
proteinuria in patients after kidney transplantation one year after 
EOT (data for 69 patients)

Parameter n %

Creatinine
concentration

decrease 17 24.6

stable 44 63.8

increase 8 11.6

eGFR decrease 12 17.4

stable 39 56.5

increase 18 26.1

Proteinuria increase 2 2.9

stable 60 87

decrease 7 10.1
eGFR, estimated glomerular filtration rate; EOT, end of treatment

SVR12 [%]
100

99

98

97

96

95

94
93

92
91

90
84/85 84/85 63/63 63/63 80/85 80/80 61/63 61/61

EOT SVR12

ITT(ktx) mlTT(ktx) ITT(HD) mITT(HD)

Figure 1 Virologic response at the end of treatment (EOT) and 12 weeks after treatment termination (SVR) in patients after kidney transplantation 
and in hemodialyzed patients
EOT, end of treatment; SVR, sustained virologic response; KTx, kidney transplantation; HD, hemodialysis; ITT, intention to treat; mITT, modified ITT
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a fixed-dose combination of glecaprevir and pibrentasvir for 
12 weeks. However, the immunosuppressant drug levels need 
to be monitored and adjusted as needed during and after 
the EOT. The glecaprevir/pibrentasvir combination can be 
recommended in patients with mild, moderate or severe graft 
impairment, especially with eGFR <30 mL/min/1.73 m2.

The multicenter project Epiter-2 was initiated in order to 
assess the effectiveness and safety of DAA treatment of chronic 
HCV infections in Poland [10]. The project selected patients 
with end-stage renal failure and those who had undergone 
KTx. The variety of antiviral treatment schemes was not 
always the result of the researchers’ choice, but could also 
be the only available treatment option. The most common 
choice of antiviral regimen among hemodialyzed patients was 
ombitasvir/paritaprevir/ritonavir + dasabuvir +/- ribavirin, 
administered to 35 patients (55.5%). All hemodialyzed patients 
showed an undetectable viral load at the end of the antiviral 
treatment. Similar results were reported by Lawitz et al [23]. 
SVR was achieved by 95% of patients infected with HCV 
GT 1 and 4, treated with ombitasvir/paritaprevir/ritonavir 
+dasabuvir +/- ribavirin, of whom 76% were hemodialyzed. 

A very good safety profile and 99% SVR rate were obtained 
in hemodialyzed patients treated with elbasvir/grazoprevir in 
the C-SURFER study, which was the second most common 
treatment schema administered to chronic dialysis patients 
in EpiTer-2 (n=20, 31.7%) [24]. Among the hemodialyzed 
patients, it is worth highlighting the group of 22% with cirrhosis 
and 6 patients (9.52%) with HCV GT4. These factors, as well 
as HCV GT 1a in 3 additional patients, could support the 
decision to add ribavirin to the treatment, as it is a well-known 
cause of severe hematologic complications in hemodialyzed 
patients [25]. Although none of these patients required packed 
red blood cell transfusion, in all cases physicians were forced 
to discontinue ribavirin, which did not affect the SVR. Despite 
contraindications, a full daily dose of sofosbuvir/ledipasvir 
was administered to 4 hemodialyzed patients. According to a 
meta-analysis by Li et al [26], based on data from 717 patients 
treated with a sofosbuvir regimen in advanced renal disease, 
58% of whom were hemodialyzed, the SVR rate was 95%. The 
authors suggested that sofosbuvir could be safely administered 
to patients in stages 4 and 5 of chronic kidney disease.

Although none of the hemodialyzed patients in our study 
received treatment with glecaprevir/pibrentasvir, it is worth 
noting that the regimen was 100% effective in 24 hemodialyzed 
patients and 97% effective in 101 patients with chronic kidney 
disease in stages 3b, 4 or 5 [27,28]. According to Gane et al [29], 
the 98% SVR rate was achievable in 85 hemodialyzed patients 
treated with glecaprevir/pibrentasvir. In all these studies the 
most frequent adverse effect was pruritus; another was anemia, 
which resolved after treatment termination [27].

The use of DAA after KTx is a practice based on a few 
clinical trials, which confirmed their effectiveness and safety, 
although these data are still based on small groups. It is not 
surprising that 60% of patients included in EpiTer-2 after 
KTx received sofosbuvir, because it reduces the probability 
of interaction with calcineurin inhibitors. Regardless of the 
treatment’s duration (12 vs. 24 weeks) and ribavirin use, almost 
all patients responded to treatment with a low rate of adverse 

events and no effect on the functioning of the transplanted 
kidney [30-33]. According to Colombo et al [31], treatment 
with sofosbuvir/ledipasvir in 114 patients infected with HCV 
GT 1 and 4 provided a 100% SVR rate, and the most common 
adverse events were weakness, fatigue and headaches, similar 
to our study.

Patients with progressive graft failure can also be treated 
for HCV, with a pangenotypic glecaprevir/pibrentasvir 
regimen. In the multicenter study MAGELLAN-2 half of 
the 20 patients who had undergone KTx had an initial eGFR 
<60 mL/min/1.73m2, and all of them reached SVR [34]. We 
included one treatment-naïve patient, with minimal liver 
fibrosis, who received glecaprevir/pibrentasvir 3 months after 
a second KTx and showed stable, albeit not satisfactory, kidney 
function (eGFR 25 mL/min/1.73m2). Successful therapy was 
completed within 8 weeks without significant complications 
and with gradual improvement in kidney function following 
treatment termination. As our centers had no access to 
glecaprevir/pibrentasvir during the period of the study, 17 (20%) 
transplanted patients from our study were administered 
grazoprevir/elbasvir with a very good effectiveness and safety 
profile. The same 100% efficacy and safety was achieved in 
the study of Eisenberger et al [35], which included 10 patients 
treated with grazoprevir/elbasvir. Despite the initial advanced 
kidney disease, with an average eGFR of 29 mL/min/1.73m2, no 
serious adverse effects, episodes of rejection or progression of 
the transplanted organ failure were reported [35]. 

After KTx, patients treated with sofosbuvir and velpatasvir 
do not require any adjustment of the dosage of the calcineurin 
inhibitor. Antiviral treatment with glecaprevir and pibrentasvir 
in patients who are being administered tacrolimus increases 
1.45-fold in TAC AUC (area under curve), which does not 
require any adjustment of tacrolimus dosage. However, 
monitoring of the concentration is necessary, along with 
any required dosage adjustments. In patients treated with 
cyclosporin in dosages higher than 100 mg daily, due to even 
a 5-fold increase in glecaprevir AUC such treatment is not 
recommended [36].

Given the variety of antiviral treatment in the studied 
group it is worth mentioning the remaining DAA interactions 
with calcineurin inhibitors. Ritonavir, a strong CYP3A 
inhibitor, part of a complex treatment with paritaprevir/
ritonavir/ombitasvir + dasabuvir (PrOD), increases TAC 
AUC 57.1-fold. The suggested initial dosage for TAC in this 
case was 0.5 mg every 7 days, along with the monitoring of 
tacrolimus concentration and further dosage adjustments. In 
the case of cyclosporin the CSA AUC increases 5.8-fold, and 
for this reason the CSA dosage was reduced to 1/5. During 
the elbasvir/grazoprevir treatment, the TAC AUC increases 
1.43-fold, and the tacrolimus dosage does not require any 
adjustments [37]. However, the elbasvir/grazoprevir treatment 
is not recommended for patients treated with cyclosporin. The 
need to modify the dosage of calcineurin inhibitors, most often 
an increase after the end of antiviral therapy, can be the result 
of the curing of the HCV infection and the improvement in 
liver function [30,35,38]. 

According to Wong et al [39], treatment with DAA for HCV 
infection resulted in better 1-year survivability of a kidney 
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graft compared to previous years, when there was no available 
interferon-free therapy. Goetsch et al [40] followed 18 kidney 
recipients successfully treated with DAA for 5 years and 
demonstrated a lower risk of kidney damage episodes or death 
compared to patients with a chronic active HCV infection. 
Our oneyear long observation of transplanted kidney function 
did not allow us to formulate similar conclusions. Therefore, 
it is still not clear whether successful DAA treatment of HCV 
infection can really improve the function of the transplanted 
kidney and prolong the patient’s survival. The major limitation 
of our study is its retrospective nature, typical for real-world 
experience studies and resulted in the loss of some clinical and 
laboratory data.

In conclusion, the presented data confirm the high 
effectiveness and safety of DAAs in patients with kidney 
failure, kidney transplant candidates and patients after kidney 
transplant regardless of primary diseases, immunosuppressive 
treatment and possible drug-drug interactions.
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Summary Box

What is already known:

•	 Direct-acting antiviral (DAA) therapy provides 
an opportunity to eradicate the hepatitis C 
virus (HCV) among the most difficult groups of 
patients: those with decompensated cirrhosis, after 
transplantation or with advanced chronic kidney 
diseases

•	 DAA treatment guarantees a near 100% virologic 
response; is short, typically taking 8-12 weeks, 
based on ingestion of 1-day tablets; has few 
drug-drug interactions and side effects; and is 
mostly ribavirin-free, which increases the safety, 
regardless of liver fibrosis and previous treatment

•	 The eradication of the HCV virus in hemodialyzed 
patients decreases the total risk of comorbidity 
and mortality in patients treated with renal 
replacement therapy

What the new findings are:

•	 In a yearly observation of the studied kidney 
post-transplant group, a lowering of creatinine 
concentration, an increase in estimated glomerular 
filtration rate, and a decrease in proteinuria were 
observed in 24.6%, 26.1% and 10.1% respectively, 
which remained stable in 63.8%, 56.5% and 87% of 
patients, respectively

•	 The DAA antiviral treatment can have a positive 
effect on the survivability of the transplanted 
kidney

•	 In hemodialyzed patients with advanced liver 
fibrosis, HCV eradication could avoid the need for 
liver transplantation
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