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Abstract: Chronic hepatitis C virus infection (HCV) has a negative impact on the long-term 

survival of recipients of kidney transplants. HCV should be treated in hemodialyzed patients 

before their enlistment for kidney transplantation in order to avoid the reactivation of virus after 

transplantation. Direct-acting antivirals represent the current standard of care in hemodialyzed 

patients with HCV genotypes 1 and 4; in patients with genotypes 2 or 3, the optimal regimen is 

yet to be established. Sofosbuvir (SOF) and daclatasvir (DCV) represent an antiviral pangenotypic 

regimen with favorable pharmacokinetics in hemodialyzed patients. We retrospectively evaluated 

safety and efficacy of the combination of SOF and DCV in the treatment of genotype 3a chronic 

HCV in six male patients (mean age of 39 years, range 25–53 years) with end-stage renal disease 

on maintenance hemodialysis; these patients were treated with a reduced dose of SOF (one half 

of a 400 mg tablet) and 60 mg of DCV once daily. The anticipated treatment duration was 

12 weeks. Initial HCV RNA ranged from 120,000 to 11,000,000 IU/mL. Two of the six patients 

had compensated liver cirrhosis based on shear-wave elastography result. All of the patients 

completed a 12-week treatment. Viremia became negative on treatment and remained negative 

12 weeks after the end of therapy in all the patients. All of them (6/6, 100%) achieved sustained 

virological response, including two with cirrhosis and two with HCV RNA .6,000,000 IU/mL. 

The treatment was well tolerated: none of the patients presented with a serious adverse event 

requiring hospital admission and none had anemia or any significant changes in blood count. 

One patient had a short period of diarrhea, which was resolved with antibiotic treatment. The 

combination of reduced-dose SOF and full-dose DCV, daily, was a safe and effective treatment 

in our group of hemodialyzed patients infected with HCV genotype 3.

Keywords: HCV infection, genotype 3, sofosbuvir, daclatasvir, end-stage renal disease, main-

tenance hemodialysis

Introduction
Only a minority of hemodialyzed patients infected with hepatitis C virus (HCV) received 

antiviral treatment during the interferon-based treatment era owing to the risk of adverse 

events and poor tolerability.1 Hemodialyzed patients experienced severe adverse effects, 

especially those related to the cardiovascular system, in addition to adverse effects clas-

sically associated with interferon-α in patients with normal kidney function. Ribavirin 

(RBV) increased the severity of side effects, especially severe anemia, even administered in 

a reduced dose. Substitution of interferon-free combinations for interferon-based regimens 

in hemodialyzed patients was of high priority when the first direct-acting antivirals (DAAs) 

combinations became available. Therefore, since 2014, DAAs have represented the standard 

of care in the treatment of HCV infection in patients on maintenance hemodialysis.2
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The initial development of DAAs was focused on 

genotype 1, and the majority of the then available DAA 

regimens were only effective in patients infected with 

genotypes 1 and 4. Nowadays, there are DAAs approved 

for the treatment of patients on maintenance hemodialysis 

infected with HCV genotypes 1 and 4, in whom safety and 

efficacy was confirmed in prospective trials (paritaprevir/

ritonavir, ombitasvir and dasabuvir, or grazoprevir and 

elbasvir combinations).3,4

In spite of the fact that there are no available prospective 

data on the safety and efficacy of DAA regimens in patients 

on maintenance hemodialysis infected with HCV genotype 3, 

the antiviral treatment should not be postponed in this group 

of patients. There are two important facts supporting the need 

for priority treatment: first, the HCV-infected patients on 

maintenance hemodialysis have higher mortality compared 

with noninfected patients,1,5–9 and second, the virus reactiva-

tion under immunosuppressive drugs has a negative impact 

on survival of these patients after kidney transplantation.10

The best way to prevent HCV reactivation after kidney 

transplantation is successful treatment before enlistment 

for transplantation, which means during the period of 

maintenance hemodialysis.10–13 The selection of the antiviral 

regimen in patients infected with HCV genotype 3 should be 

based on the data concerning the efficacy of the particular 

drug in genotype 3 and on the available pharmacokinetics 

in patients with kidney failure.

Sofosbuvir (SOF) was the first DAA with pangenotypic 

activity approved in 2013, and therefore, SOF-based regi-

mens are also effective in patients infected with genotype 3.14 

Furthermore, the efficacy, safety, and pharmacokinetics 

of SOF were assessed in patients on maintenance hemo-

dialysis predominantly infected with genotype 1 in small 

postapproval studies.15–22 However, a group of hemodialyzed 

patients infected with genotype 3 has not been evaluated 

separately so far. We retrospectively evaluated the efficacy 

and safety of antiviral regimen consisting of a reduced dose 

of SOF in combination with daclatasvir (DCV) in six hemo-

dialyzed patients infected with HCV genotype 3a.

Patients and methods
Study design and eligibility of patients
We retrospectively evaluated six kidney transplant candidates 

with end-stage renal disease (ESRD) on maintenance hemo-

dialysis, treated for chronic HCV infection genotype 3 in our 

outpatient department from April 2015 to April 2016. The 

cohort consisted of six males with average age of 39 years 

(range 25–53 years). All patients were hemodialyzed 3 times 

per week and the mean duration time of hemodialysis was 

41 months (range 13–84 months). None of the patients had 

undergone kidney transplant in the past. All patients were 

Caucasian, five of them were HCV treatment-naïve and 

one had undergone a short course (4 weeks) of pegylated 

interferon-α (PEG-IFN-α) and RBV therapy which had 

been discontinued prematurely owing to severe anemia. All 

patients were infected with HCV genotype 3a. The initial vire-

mia (HCV RNA) ranged from 120,000 to 11,000,000 IU/mL 

(mean 4,088,000 IU/mL). One of the patients had normal 

serum alanine aminotransferase (ALT) activity, and in the 

other five patients, all with abnormal ALT activity, the values 

did not exceed three times the upper limit of normal values. 

All of them had entered renal replacement therapy with 

known HCV infection, they had all reported a transient period 

of intravenous drug use in the past as the source of infection, 

five had been successfully weaned, and one was on metha-

done substitution. All six had excellent compliance with the 

hemodialysis program and with the antiviral therapy.

Pretreatment stage of liver fibrosis was evaluated by 

shear-wave elastography (Aixplorer®; SuperSonic Imagine, 

Aix-en-Provence, France); the values corresponded to 

fibrosis stage F1 in four patients and two patients had fibrosis 

F4 (cirrhosis) corresponding to Metavir score. Liver fibrosis 

stage (F1–F4) was derived from the liver stiffness values in 

kPa obtained by shear-wave elastography on the basis of the 

table provided by the device manufacturer.23 Both patients 

with fibrosis F4 had compensated liver disease with no signs 

of proteosynthetic dysfunction (normal albumin, bilirubin, 

and prothrombin time values), ascites, or encephalopathy.

Antiviral regimen
The antiviral treatment regimen consisted of one half of a 

tablet containing 400 mg of SOF (Sovaldi®; Gilead Sciences 

Inc., Foster City, CA, USA) once daily and one entire tablet 

containing 60 mg of DCV (Daklinza®; Bristol-Myers Squibb, 

New York, NY, USA) once daily. The treatment period was 

12 weeks. The original tablets Sovaldi containing 400 mg 

of SOF were split by means of a blade tablet splitting device 

so that we obtained two equal doses (~200 mg). The split-

ting was performed by the healthcare personnel. SOF was 

administered in combination with DCV once daily regularly 

in the morning independently of the hemodialysis session. 

SOF administration in patients with glomerular filtration rate 

#30 mL/min and the splitting of the tablets were considered 

to be off-label use of the drug and the patients gave consent to 

the off-label therapy before its initiation according to the local 

law.24,25 Other contraindications included in the Standard 
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Product Characteristics of SOF and DCV, especially drug–

drug interactions, were respected. Sustained virological 

response (SVR) was assessed as HCV RNA negativity 12 

weeks posttreatment.

Laboratory assessment
HCV RNA was assessed by the Roche COBAS® AmpliPrep/

COBAS TaqMan® HCV Quantitative Test v2.0 (Roche 

Molecular Systems Inc., Branchburg, NJ, USA). HCV 

genotyping was conducted at baseline using the SIEMENS 

Versant® HCV Genotype 2.0 Assay (LiPA) (Siemens Health-

care Diagnostics Inc., Tarrytown, NY, USA).

Safety evaluation
The patients were carefully and regularly monitored for treat-

ment efficacy and side effects as requested in patients on off-

label treatment by local regulatory authorities. The patients’ 

visits were scheduled as follows: treatment initiation, treat-

ment weeks 4, 8, and 12, and 12 weeks posttreatment. Each 

visit consisted of a query on medical history and side effects, 

check of concomitant medication, physical examination, 

laboratory analyses (blood biochemistry, blood count, pro-

thrombin time, and HCV RNA), and drug dispensing (day 1 

and treatment weeks 4 and 8). A regular part of the visit was a 

check of monthly records provided by the hemodialysis units 

containing a complete concomitant medication overview 

and the course of hemodialysis therapy. The structure of 

recordings of adverse events (AEs) was as follows: any AE 

or serious adverse event (SAE), which included any event 

requiring hospitalization, life-threatening event, or death, 

and the relationship with the administered medication, was 

also assessed. The hematological side effects (hemoglobin 

level #10 g/dL, abnormal white blood cells #40×109/L, or 

platelet count #70×109/L) and liver toxicity (any abnormal 

ALT, AST, and bilirubin levels during treatment) were of 

special interest.

Statistical analysis
Data are presented as means and SDs and medians and 

ranges, as appropriate. The changes in laboratory values 

at the particular therapy time points and at follow-up were 

compared by the Kruskal–Wallis test. P-value of ,0.05 was 

considered statistically significant throughout the study. 

Statistical analysis was performed using the R programming 

language v.3.2.0 (www.r-project.org).

Ethical standard
This study was approved by the Ethics Committee of 

Thomayer’s Hospital and Institute for Clinical and Experi-

mental Medicine, Prague, Czech Republic, and was carried 

out in compliance with the Helsinki Declaration. The require-

ment for informed consent was waived because of the retro-

spective design of the study and use of data from which the 

patients’ identification information had been removed. The 

patients consented to the off-label use of SOF, as required 

by local law.

Results
All the hemodialyzed patients infected with HCV genotype 

3 referred to our center in the above-mentioned period were 

included in the study. No referred hemodialyzed patient 

infected with HCV genotype 3 had been contraindicated 

to therapy owing to potential drug–drug interactions or for 

severe liver dysfunction. Pretreatment patients’ characteris-

tics are summarized in Table 1. All six patients completed 

the planned 12-week course of treatment. Three patients 

achieved negative viremia at week 4 and all six had nega-

tive HCV RNA at week 8 and week 12 of therapy. All six 

remained HCV RNA negative 12 weeks after the end of 

treatment and all achieved SVR 12. The five patients with 

initially abnormal ALT values had normal ALT values from 

treatment week 4; all patients had normal ALT levels from 

week 4 of therapy as well as during the follow-up.

Table 1 Patients’ characteristics pretreatment

Patient 
number

Age 
(years)

Fibrosis 
stage

Hemodialysis 
duration (months)

Treatment status HCV RNA 
(IU/mL)

ALT 
(IU/mL)

Bilirubin 
(mg/dL)

Hemoglobin 
(g/dL)

Leukocytes 
(×109/L)

Platelets 
(×109/L)

1 25 F1 13 Naïve 120,000 96 0.35 15.1 7.2 219
2 37 F4 72 Treatment experienced 148,000 65 0.64 14.1 5.0 107
3 53 F1 84 Naïve 11,000,000 49 0.47 15.1 5.2 99
4 35 F1 25 Naïve 158,000 91 0.23 12.4 8.2 167
5 43 F1 24 Naïve 8,800,000 48 0.53 15.2 9.0 196
6 43 F4 26 Naïve 4,300,000 30 0.58 12.0 4.5 130
Mean 39 41 4,088,000 63 0.47 14.0 6.5 153
Median 40 26 2,229,000 57 0.53 14.6 6.2 149

Abbreviations: ALT, alanine aminotransferase; HCV, hepatitis C virus infection.
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The treatment was well tolerated, as none of the patients 

presented with a serious adverse event requiring hospital 

admission during the treatment period and the 12-week 

follow-up. Only one nonserious AE was reported, which 

was probably not related to the administered antivirals: the 

patient had a short period of diarrhea, which was resolved 

with a course of antibiotics (7 days of rifaximin) treatment. 

No further AEs were identified in the patients’ records, and 

no changes in concomitant medication were required during 

the course of antiviral therapy.

The initial values of bilirubin, alkaline phosphatase, 

and gamma-glutamyltransferase activities were normal at 

baseline and did not elevate during the treatment period and 

follow-up. No liver toxicity of the administered antivirals 

was observed. The values of hemoglobin, leukocytes, and 

platelets at treatment weeks 4, 8, and 12, and 12 weeks post-

treatment did not significantly differ from baseline values.

Discussion
Our group of six patients was relatively small, but no larger 

group of patients on maintenance hemodialysis infected with 

genotype 3 and treated with an SOF-based regimen has been 

described so far to the best of our knowledge. The recently 

published retrospective French multicenter study included five 

genotype 3-infected patients, but they were not evaluated sepa-

rately.17 This study included a further 44 patients infected with 

non-3 genotypes and the overall SVR rate was 86%. Another 

two articles describing the use of SOF-based regimens in the 

treatment of patients on maintenance hemodialysis included 

one and four genotype 3 patients, respectively.16,18

Our decision to treat patients with the SOF and DCV 

regimen was based on the EASL (The European Association 

for the Study of the Liver) 2014 Guidelines, which recom-

mended exclusively an interferon-free regimen in hemodia-

lyzed patients.26 As DCV is a drug metabolized in the liver, 

its dose reduction was not necessary in renal impairment.15,27 

However, the EASL Guidelines 2014 stated that the use of 

SOF in hemodialyzed patients should be postponed until 

more data were available.26 On the basis of a small study 

by Gane et al28 describing pharmacokinetics and rapid 

virological suppression in nonhemodialyzed patients with 

severe renal impairment treated with 200 mg of SOF daily 

(in combination with RBV), our decision was to reduce the 

dose of SOF. There was no other alternative on how to obtain 

a reduced dose of SOF for daily administration than the 

nonstandard splitting of the original 400 mg tablets. Unfor-

tunately, we were not able to perform the assessment of SOF 

blood levels and we were not able to evaluate the difference 

in SOF exposure caused by the splitting of tablets.

The optimal dose of SOF in hemodialyzed patients 

remains controversial. SOF is subject to extensive first-pass 

metabolism in the intestine and in the liver. SOF is hydro-

lyzed and phosphorylated to form the pharmacologically 

active nucleoside analog triphosphate GS-461203. Dephos-

phorylation results in the formation of an inactive metabolite 

GS-331007.24 Kidneys represent the major site involved 

in the elimination of SOF and its metabolite. Whereas the 

pharmacokinetics of the active metabolite GS-461203 has 

not been characterized, the half-life of the predominant 

circulating inactive metabolite GS-331007 is 27 hours. The 

pharmacokinetics of SOF was studied in HCV-negative 

subjects with ESRD requiring hemodialysis following a 

single 400 mg dose of SOF. In comparison with subjects 

with normal renal function, in the subjects with ESRD, the 

SOF and GS-331007 areas under the curve (AUC
0-infinity

) 

were 28% and 1,280% higher, respectively, when SOF was 

dosed 1 hour before hemodialysis compared with 60% and 

2,070% higher, respectively, when SOF was dosed 1 hour 

after hemodialysis.18 Hemodialysis can efficiently remove 

the predominant circulating metabolite GS-331007 (53% 

extraction ratio).29 Furthermore, Desnoyer et al15 recently 

described that SOF or its inactive metabolite GS-331007 

did not accumulate with either full or reduced-dose SOF 

regimen and they confirmed the GS-331007 hemodialysis 

extraction ratio of 52%. Consistent with these data, some 

authors reported safe and effective use of full-dose SOF in 

patients on maintenance hemodialysis who were infected 

predominantly with genotype 1.16–18,20–22,30

As we mentioned above, the splitting of the SOF tablets 

is a controversial point of our study; however, the results of 

the study by Desnoyer et al15 might support the daily dosage 

of SOF, which seems to have a higher antiviral activity. The 

authors described a cohort of 12 patients on maintenance 

hemodialysis with HCV genotypes 1 or 2, who were treated 

with SOF in combination with other antiviral agents. Seven 

of them received full-dose SOF (400 mg daily) and all seven 

achieved an SVR. Five of them received reduced-dose SOF 

(400 mg 3 times a week) and three of the five patients in this 

subgroup relapsed.

We did not add RBV to the SOF and DCV combination 

even in the cirrhotic patients according to the EASL 2014 

Guidelines, which allowed this combination without RBV 

in cirrhotic patients with normal renal function.

The efficacy of SOF and DCV regimen in noncirrhotic 

patients without renal impairment infected with genotype 

3 was later demonstrated in the ALLY-3 study.31 The SVR 

rate was 90% in treatment-naïve and 86% in treatment-

experienced patients. The SVR rate in patients with cirrhosis 
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was lower (63%) than in noncirrhotic patients in this study; 

however, both arms of cirrhotic patients (with and without 

RBV) were evaluated together. We reopened the question 

of the addition of RBV to the SOF and DCV combination in 

2015, when the last patient with liver cirrhosis was referred 

to antiviral treatment. We decided not to add RBV again, the 

decision being based on the preliminary data from the two 

real-life cohorts:32,33 the real-life data demonstrated a higher 

efficacy of SOF and DCV combination (93.8% SVR rate) 

also in genotype 3-infected cirrhotic patients in comparison 

with the ALLY-3 study and the SVR rate in arms with RBV 

was not significantly better. Nowadays, the EASL 2016 

Guidelines2 recommend 12 weeks of SOF and DCV plus 

RBV or 24 weeks of SOF and DCV as optimal treatment 

regimen for hemodialyzed patients infected with HCV geno-

type 3, reflecting the fact that the genotype 3-infected patients 

with cirrhosis are considered as difficult to treat.

The efficacy of the antiviral regimen consisting of the 

reduced dose of SOF and the full dose of DCV was excellent 

in our group of patients: all the patients cleared the virus and 

achieved an SVR. The SVR was also achieved by two of the 

six patients who had a very high pretreatment viremia. This 

fact is consistent with the ALLY-3 study results confirm-

ing that pretreatment characteristics such as gender, age, 

viremia, and IL28B genotype (recently IFNL4) do not impact 

SVR achievement. The SVR was also achieved in the two 

patients with compensated liver cirrhosis. The most logical 

explanation for the efficacy of the reduced dose of SOF in 

hemodialysed patients seems to be the dose-concentration 

effect. However, the pharmacokinetics of SOF active metabo-

lite GS-461203 remains unknown and therefore the fact of 

how the higher concentrations of circulating SOF and its 

metabolite GS-331007 reflect the concentration of active 

metabolite GS-461203 in the liver remains unknown.

The regimen consisting of the reduced dose of SOF with 

DCV was very well tolerated by all patients, they all com-

pleted the 12-week course of the treatment, and no SAEs 

were observed. None of our patients required a higher dose 

of erythropoietin during the treatment period. In his retro-

spective study, Dumortier et al17 reported a higher number of 

AEs in the SOF-based regimens in patients on maintenance 

hemodialysis. The most frequent AE was anemia, but the 

study also included patients treated with SOF and RBV or 

with SOF, RBV, and PEG-IFN-α. However, Saxena et al34 

reported a high rate of anemia in patients with severe renal 

impairment treated with full-dose SOF even in those with-

out RBV addition. The epidemiology of HCV infection has 

changed during the last decade in our region; the prevalence 

of genotype 3 rose from ,5% to 45%.35 In agreement with 

the changing epidemiology of HCV, our patients infected 

with genotype 3 were younger and had a shorter period of 

hemodialysis and fewer comorbidities in comparison with 

our historical group of patients infected with genotype 1b.36 

This could also contribute to a good tolerance of the antiviral 

regimen described in our current study.

In contrast to Dumortier et al’s17 cohort, we did not 

observe gastrointestinal discomfort requiring further SOF 

dose reduction. Those patients were also given reduced 

doses of SOF, but the dose reduction was achieved by dosage 

interval prolongation. We can speculate that the daily admin-

istration of the reduced dose of SOF may have contributed 

to the absence of gastrointestinal discomfort in our patients, 

thus preventing the saw-toothed ups and downs in the levels 

of SOF. None of our patients complained of the unpleasant 

taste of the split tablets.

Considering all the limitations of our study (retrospective 

design, absence of pharmacokinetics profile, and the splitting 

of SOF tablets), we may conclude that a reduced dose of SOF 

and a full dose of DCV showed a high antiviral efficacy and 

good safety and tolerability in our cohort of hemodialyzed 

patients infected with HCV, genotype 3. In spite of the fact that 

both cirrhotic patients in our cohort achieved SVR, we do not 

recommend this regimen for patients with cirrhosis; either they 

should be treated for 24 weeks or RBV should be added.
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