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INTRODUCTION

Hepatitis C virus (HCV) infection is the most common hepa-
totropic viral infection affecting the patients on maintenance 
hemodialysis (HD)(1). The prevalence of HCV infection in chronic 
kidney disease (CKD) patients on maintenance HD is much higher 
than the general population(2-5). This is mainly due to excessive 
exposure to blood products and nosocomial transmission of HCV 
infection in dialysis units(6).

The prevalence of anti-HCV seropositivity is reported in up to 
13.5% patients on HD but varies widely between 5% and 60 % in 
various studies(5,7-9). In India, prevalence of HCV in HD has been 
reported from 4.3% to 45%(3,10).

Following exposure to HCV, acute hepatitis develops in around 
20% of patients, with spontaneous resolution in 15%–45% of patients 
in first six months of exposure. The remainder, develop a chronic 
hepatitis that has an unpredictable course. Approximately 20%–30% 
of persons with chronic hepatitis will progress to cirrhosis over a 
25–30 year period. Moreover, HCV infection is an independent risk 
factor for CKD and end-stage renal disease (ESRD) patients. The 
overall mortality in CKD patients with ESRD and co-existent HCV 
infection is found to be higher compared to non-infected patients(11). 
Increased risk of graft loss, rejection and mortality has been found 
in post-kidney transplant patients with HCV infection(12). A severe 
form of liver injury, fibrosing cholestatic hepatitis has been described 
in patients with chronic HCV infection, post renal transplant who 
are on immunosuppressants. Finally, effective anti-HCV treatment in 
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chronic kidney disease patients may significantly reduce proteinuria 
and stabilize serum creatinine levels(13).

The standard of  care for HCV infection, until recently was 
treatment with interferons plus ribavirin. Moreover, the treatment 
options for HD patients were suboptimal and the response to 
these medications was not satisfactory. Casanovas-Taltavull et al. 
in their meta-analysis, showed that overall sustained virologic re-
sponse (SVR) with interferon therapy was only 33%, and pegylated 
interferons provided only a marginal benefit over the conventional 
therapy(14). Ribavirin and interferon combination was used rarely in 
this special group of population, because of increased side effects 
like development of anemia.

Though the largest series showed an SVR of 97% in treated 
patients, in further reports, SVR ranged between 7% and 71%(15,16).

Thus, available approved regimens are associated with poor 
tolerance, side effects, high dropout rates, and dismal SVR(17-22). 
New medication is the need of the hour for this special population.

Availability of Directly Acting Anti-virals (DAA) for treatment 
of chronic hepatitis C infection has transformed the management 
of HCV infection. However, patients with severe renal insufficiency 
(eGFR <30 mL/min/1.73 m2) including those on HD continue to be 
a difficult-to-treat cohort, as limited number of DAAs are available 
for treatment in this subgroup. The only FDA-approved all-oral 
regimens of DAAs for patients with severe renal disease includes 
elbasvir / grazoprevir and glecaprevir / pibrentasvir, which are also 
supported by both AASLD and EASL guidelines(23-26). But unfor-
tunately, these drugs are currently not available in many countries.
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Sofosbuvir, the pan-genotypic NS5B inhibitor is the backbone of 
DAA regimens available in India. Sofosbuvir metabolites are excreted 
mainly by the renal route, which is significantly increased in patients 
with eGFR <30 mL/min/1.73 m2 or on maintenance HD(27,28).

Studies from India and abroad with Sofosbuvir, either used in full 
dose i.e. 400 mg, or half dose i.e. 200 mg or with alternate day regi-
men, in combination with NS5A inhibitors, in patients with ESRD 
has shown excellent results in terms of efficacy as well as safety.

Hence, this study was planned to assess safety and efficacy of 
combination therapy using sofosbuvir 400 mg along with daclatasvir 
60 mg or ledipasvir 90 mg based on genotype for treatment of chronic 
hepatitis C infection in ESRD patients on maintenance HD.

METHODS

We conducted a single center, prospective, open-label observa-
tional study in order to assess safety and efficacy of combination 
therapy of sofosbuvir (400 mg) with daclatasvir (60 mg) or ledi-
pasvir (90 mg) depending on Genotype, in patients with chronic 
hepatitis C and CKD with eGFR less than 15 mL/min/1.73 m2 on 
HD. The study was conducted at tertiary care Hospital in Western 
India. Sofosbuvir was used along with daclatasvir in patients with 
HCV genotype 2 or 3, and ledipasvir was used in patients with 
HCV genotype 1 or 5 infection. Eligibility criteria were adults (age 
>18 years), treatment naïve HCV infection of any genotype, on 
HD who were willing to take treatment as per protocol. A total of 
19 patients were included. The study extended for a period of one 
and half  years from January 2017 to July 2018. Ethical clearance 
has been taken from Institute Ethics Committee.

Pre-treatment evaluation
A complete clinical, laboratory and endoscopic evaluation was 

considered for every patient in the study group. Complete blood 
count, liver and renal function test, Quantitative HCV RNA using 
Taqman Real Time PCR technique with lower limit of quantifi-
cation of 15 IU/mL, along with genotype analysis was done and 
extent of liver disease was assessed by ultrasonography (USG) and 
transient elastography (TE, Fibroscan). The degree of underlying 
liver fibrosis was ascertained by TE which was considered after 
a session of HD. Depending on the liver stiffness measurement, 
patients were classified as having no, mild or moderate fibrosis [F0, 
F1, F2] <9.5 kPa, severe fibrosis or cirrhosis [F3, F4] ≥9.5 kPa. 

Estimated Glomerular Filtration Rate (eGFR) was assessed by 
Modification of Diet in Renal disease (MDRD) equation and CKD 
staged according to Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines. 

We administered sofosbuvir (400 mg) combined with daclatasvir 
(60 mg) or ledipasvir (90 mg) once daily for 12 weeks. On the day 
of dialysis, drug was administered after the HD session and on off  
dialysis day it was administered at the same time as on day of HD.

Complete blood count, liver function test and renal function 
test were checked for each patient weekly for two weeks, then at 
4th week followed by every month until completion of  treatment 
and subsequently at 12 weeks after the end of  treatment response 
(ETR). Hepatitis C viral load (Lower limit of  detection of  15 
IU/mL) was checked after four weeks of  treatment, at the end 
of  treatment (12 weeks), as well as at week 12 post-treatment for 
SVR 12. The virologic cure or SVR 12 was defined as undetect-
able HCV RNA 12 weeks after ETR(29,30). Clinical record files 
were maintained for each patient which was duly filled at each 
visit and any side-effects as mentioned by patients were recorded.

Statistical analysis
Continuous variables were expressed as mean ±SD or median 

(range) as appropriate and categorical variables were expressed as 
percentage. All statistical tests were 2-tailed, and results were com-
pared using Paired t test and Wilcoxon Signed Rank Test and was 
considered statistically significant with a p value of less than 0.05. 
Statistical analysis was performed using the Statistical Package for 
Social Science (SPSS version 22.0; SPSS Inc., Chicago, IL, USA). 

RESULTS

Between January 2017 to July 2018, a total of 19 patients with 
chronic hepatitis C infection with ESRD on HD were included. All 
patients were explained about the treatment options and availability, 
along with side effect profile of existing drugs. Consent was taken 
from each patient before initiating treatment. However, one patient 
died within four weeks of initiation of therapy due to inadequate 
HD. Thus, 18 patients completed the study. 

Patient characteristics
All were treatment naïve cases of chronic hepatitis C. None of 

the patients had history of renal transplant and none had concur-
rent HIV or hepatitis B infection. The causes of underlying CKD 
in the patients enrolled were diabetic kidney disease in 7 (38.8%) 
patients, hypertensive nephropathy in 5 (27.7%) and unidentified 
in remaining cases. All of the patients were on maintenance hemo-
dialysis twice or thrice a week as advised.

Demographic and baseline characteristics are shown in the  
TABLE 1.

TABLE 1. Demographic, baseline characteristics of the patients.

Total patients 18
Age (mean ±SD) years 39.4 ± 8.3

Male : Female 14:4

Etiology of CKD

   Diabetic kidney disease 7

   Hypertensive nephropathy 5

   Unidentified 6

Hemoglobin (g/dL) mean ±SD 9.5 ± 1.5

Platelets count (× 109/L) median (range) 215 (110–324)

Total bilirubin (mg/dL) (mean ±SD) 0.63 ± 0.2

AST (U/L) median (range) 33 (20–36)

ALT (U/L) median (range) 33.5 (13–74)

Albumin (g/dL) (mean ±SD) 3.42 ± 0.38

Serum creatinine (mg/dL) mean ±SD 6.9 ± 1.8

HCV RNA (IU/mL) median (range) 2,35,000  
(13,845–2,60,00,000)

HCV genotype, n (%)

   1 12 (66.7%)

   2 1 (5.5%)

   3 4 (22.3%)

   5 1 (5.5%)

Cirrhosis, n (%) 0

Liver stiffness measurement (kPa) (%)

   <9.4 18 (100%)

   >9.4 0
ALT: alanine transaminase; AST: aspartate transaminase; kPa: kilo Pascal.
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Adverse events
Almost every patient tolerated the drugs well. Only four patients 

had history of  nausea and dyspepsia, two patients had fatigue 
and one had headache. None of them had deterioration of renal 
parameters and liver function test or worsening of  anemia, or 
requirement of increased dosage of erythropoietin.

Treatment discontinuation
Two patients died during treatment course within four weeks 

of treatment initiation. Data of those patients were not enlisted 
during evaluation of results. None of the remaining patients had 
to be put off  treatment as side-effects were minor.

Laboratory parameters
No significant change in pre-treatment and post-treatment 

levels of hemoglobin, bilirubin, aminotransferases, estimated Glo-
merular Filtration Rate (eGFR) and liver stiffness was observed 
(TABLE 2).

DISCUSSION

The kidney is an important component of  the HCV clinical 
syndrome, besides the liver, the musculoskeletal, immune and he-
matopoietic systems and the skin. The pathophysiology of kidney 
disease in HCV infection can be broadly categorized into following 
four mechanisms: (a) glomerular immune complex deposition; (b) 
direct viral invasion of the renal parenchyma; (c) renal complica-
tions of its extra renal (e.g. hepatic) manifestations; and (d) nephro-
toxicity of drugs used for its treatment. It may cause acute kidney 
injury (AKI) as a part of  systemic vasculitis and augments the 
risk of AKI due to other etiologies. It is responsible for mesangio-
capillary or membranous glomerulonephritis and accelerates the 
progression of chronic kidney disease due to other causes.

Despite HCV infection being common in CKD patients par-
ticularly ESRD ones who are on regular hemodialysis, treatment 
options are limited. In patients with eGFR <30 mL/min/1.73 m2 

AASLD guidelines recommend using either elbasvir/grazoprevir 
(genotypes 1 and 4) or glecaprevir/pibrentasvir (pan-genotypic). 
However, none of these drugs are available in India(23). The EASL 
guidelines continue to recommend pegylated interferon plus dose 
adjusted ribavirin for CKD patients infected with genotype 3 but 
tolerance and response rate is poor(30).

Among direct acting anti-virals, sofosbuvir, a nucleotide ana-
logue prodrug, pan-genotypic HCV NS5B polymerase inhibitor, 
forms the backbone of  most anti-HCV containing regimens. It 
inhibits HCV RNA replicons in vitro, has high genetic barrier 
to resistance along with good patient tolerability with limited 
drug-drug interactions(32). On oral administration, sofosbuvir is 
well absorbed with peak plasma concentration within half  to two 
hours. It undergoes extensive hepatic metabolization with bio-
transformation in hepatocytes to form pharmacologically active 
nucleotide analogue uridine-triphosphate (SOF-007TP), which 
further gets de-phosphorylated to form predominant sofosbuvir 
inactive metabolite- GS-331007 (SOF-007).

The plasma protein binding of  sofosbuvir is 82% in healthy 
subjects, whereas it is 85% in patients of ESRD. However, plasma 
protein binding of SOF-007 is minimal in healthy adults(31). The 
median plasma half-lives of sofosbuvir and SOF-007 are 25 mins 
and 27 hours respectively(32). Finally, SOF-007 is eliminated through 
kidneys, the renal clearance of which is around two-fold higher than 
glomerular filtration rate, which suggests that excretion occurs by 
tubular secretion as well.

Experience with sofosbuvir in patients with eGFR <30 mL/
min/1.73 m2 is limited. Many studies have evaluated full dose, as 
well as full dose on alternate days, and half daily dose of sofosbuvir 
in this difficult-to-treat group (ESRD patients), but the data are 
very limited with no clear recommendations of its use.

In our study, we have included only Stage 5 CKD i.e. ESRD 
patients who were on HD with chronic HCV infection and who 
had no evidence of  cirrhosis. We have used full dose of  sofosbuvir 
(400 mg) along with combination therapy according to the HCV 
genotype. daclatasvir at a dose of  60 mg was used for patients 
with infection with HCV genotype 2 and 3, whereas ledipasvir 90 
mg was used for HCV infection with genotype 1 and 5. In most 
studies, commonest genotype was 1. In the present study also, 
majority of  patients belonged to HCV genotype 1 in 12 (66.7%), 
followed by genotype 3 in 4 (22.3%) patients.

Virologic response i.e. SVR 12 was achieved in 100% of our 
enrolled patients. Similar result was seen in an Indian study by 
Taneja et al. where sofosbuvir was used at half  the standard dose 

TABLE 2. Pre-treatment and Post-treatment assessment.

Variables Pre-
treatment

Post-
treatment P-value*

Hemoglobin (g/dL) 
mean ±SD 9.5 ± 1.5 9.6 ± 1.3 0.429

Bilirubin (mg/dL) 
mean ±SD 0.63 ± 0.2 0.58 ± 0.2 0.534

AST, U/L, median 
(Range) 33 (20–36) 31.4 (24–38) 0.528

ALT, U/L, median 
(Range) 33.5 (13–74) 26.9 (22–44) 0.237

Albumin, (gm/dL) 
mean ±SD 3.42 ± 0.38 3.47 ± 0.21 0.781

Serum creatinine (mg/
dL) mean ±SD 6.9 ± 1.8 6.8 ± 1.5 0.861

eGFR (mL/min/1.73 
m2) mean ±SD 9.6 ± 3 9.5 ± 2.9 0.788

HCV RNA (IU/mL) 2,35,000 <15 <0.001
LSM (kPa) mean ±SD 6.2 ± 1.2 6.1 ± 1.1 0.682

ALT: alanine transaminase; AST: aspartate transaminase; eGFR: estimated glomerular filtration 
rate; LSM: liver stiffness measurement. *P value <0.05 is significant.

Virologic response
The median value of HCV RNA before starting therapy was 

2,35,000 IU/mL (Range: 13,845-2,60,00,000 IU/mL). All patients 
had HCV RNA level <15 IU/mL after four weeks, at end of treat-
ment i.e. 12 weeks and after 12 weeks of treatment completion i.e. 
SVR 12 (TABLE 3).

TABLE 3. Sustained virologic response rate by genotype and regimen used.

Genotype Regimen used Number of 
patients

SVR,  
n (%)

1
Sofosbuvir (400 mg)

12 12 (100)
Ledipasvir (90 mg)

2
Sofosbuvir (400 mg)

1 1 (100)
Daclatasvir (60 mg)

3
Sofosbuvir (400 mg)

4 4 (100)
Daclatasvir (60 mg)

5
Sofosbuvir (400 mg)

1 1 (100)
Ledipasvir (90 mg)

SVR: sustained virologic response.
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i.e. 200 mg along with daclatasvir 60 mg for all patients irrespective 
of HCV genotype. In this study out of 65 patients, 32% of patients 
had evidence of cirrhosis and 15.4% were treatment experienced(33). 
Majority (64.6%) patients belonged to HCV genotype 1, followed 
by genotype 3 in 34% and genotype 2 in 1.4%. All patients toler-
ated the DAAs well with none of the patients reporting any serious 
adverse events. Minor side effects were noted in the form of nausea, 
seen in 7.7% patients, insomnia and headache in 6.2% patients each, 
and pruritus in 1.5% patient.

Another report from India included 62 treatment naïve ESRD 
patients with chronic HCV infection which showed an SVR 12 in 
95.2% patients(1). Genotype 1 was the most common in 64.5% of 
cases, followed by genotype 3 in 29% of cases. Thirty-nine patients 
were treated with sofosbuvir every other day with ribavirin, two pa-
tients with sofosbuvir daily with ribavirin, six with sofosbuvir every 
other day with daclatasvir, and 15 patients with sofosbuvir daily with 
daclatasvir. Three patients relapsed after completion of therapy who 
were on 400 mg alternate day sofosbuvir treatment, suggesting that 
sofosbuvir dose may be an important variable for SVR.

Singh et al. reported an SVR in 95.7 % of patients with HCV 
and CKD despite using full dose of  sofosbuvir along with da-
clatasvir or ledipasvir based on HCV genotype. Their study group 
included 47 patients, out of which 25.5% were HCV with cirrhosis 
and 15% were decompensated cirrhotic with ascites(34). All patients 
with cirrhosis achieved SVR 12, however, two patients in whom 
SVR 12 could not be demonstrated got re-infected due to ongo-
ing dialysis as evident by infection with different genotype. The 
distribution of HCV genotype was genotype 1 in 68.1%, genotype 
3 in 27.7% and genotype 4 in 4.3% patients. 

Few small case series have suggested that full-dose sofosbuvir 
is safe and efficacious in patients with severe renal insufficiency(35). 
The large HCV-TARGET cohort suggested that though renal 
dysfunction did not affect SVR rates, baseline renal dysfunction 
increased the risk of side effects including anemia and worsening 
renal function in CKD patients treated with regimens containing 
full dose sofosbuvir.

With full dose sofosbuvir we did not find any significant dif-
ference between pre- and post-treatment levels of  hemoglobin 
(P=0.429) and eGFR (P=0.788). Side effects which were minor and 
self-limiting were observed in seven patients, in form of nausea and 
dyspepsia in 4 (22.2%) patients, fatigue in 2 (11.1%) patients and 
headache in 1 (5.5%) patient. However, all these symptoms could 
not be directly attributed to DAA therapy as these patients were 
having uremia and some had uncontrolled hypertension despite use 
of adequate anti-hypertensive medications. None of the patients 
required an increase in erythropoietin dosage. The most important 
observation was that none of the patients had any cardiovascular or 
hepatobiliary adverse events, though concerns regarding its safety 
profile have been raised in preclinical animal studies.

In a similar study by Surendra et al. in ESRD patients with 
chronic HCV infection with genotype 1, it was seen that combina-
tion of  sofosbuvir and ledipasvir, on alternate days, is safe and 
effective(36). Rapid virologic response (RVR) was achieved in all 
21 (100 %) patients enrolled in their study. After excluding two 
patients who died during the study, sustained virologic response 
after 12 weeks of completion of therapy (SVR 12) was achieved 
in all 19 patients. 

In the HCV-TARGET study a total of  1789 patients with 
chronic hepatitis C infection were included and 18 individuals had 
eGFR less than 30 mL/min and five were on HD. These patients 
were treated with various combinations of sofosbuvir / simeprevir, 

sofosbuvir / simeprevir / ribavirin, sofosbuvir / ribavirin, or so-
fosbuvir / pegylated interferon / ribavirin and demonstrated that 
82% to 83% of  patients achieved a SVR 12 with no significant 
differences observed between regimens(37).

Desnoyer et al. treated eight patients with sofosbuvir and 
daclatasvir with four patients on daily full dose sofosbuvir and 
four on thrice weekly sofosbuvir for 12 or 24 weeks. Interestingly, 
seven of these patients had cirrhosis. They reported relapse in two 
patients who had cirrhosis and were treated for 12 weeks with thrice 
weekly regimen. Based on their data, authors recommended daily 
full dose sofosbuvir in patients who are treatment experienced or 
have liver cirrhosis. However, it is possible that the relapse in these 
two patients was due to the shorter duration of treatment rather 
than thrice weekly regimen, since another patient with cirrhosis, 
treated for 24 weeks, achieved SVR with thrice weekly regimen(38). 
Moreover, the authors found that sofosbuvir or its inactive me-
tabolite sofosbuvir-007 did not accumulate with either regimen 
between hemodialysis sessions or throughout the treatment course, 
and sofosbuvir was well tolerated by all patients.

The limitations of our study are: firstly, small sample size, thus 
interpreting percentage of  side-effects our patients had during 
treatment, might get distorted, secondly study was a single center 
one, thirdly blood levels of sofosbuvir and its metabolites were not 
taken into consideration because of lack of resources and facili-
ties. However, none of our patients had significant adverse events 
following treatment, which we could have attributed to the drug or 
its metabolite. Other parameters of renal dysfunction, for e.g. urine 
albumin-creatinine ratio or 24-hour urine protein excretion was not 
evaluated in these patients, the same should be looked for in future 
studies along with change in parameters in post treatment period.

Large-scale randomized studies are needed to explore the phar-
macokinetics which includes optimal dosing, safety, and efficacy, 
in ESRD patients, with an emphasis on the stage of liver disease, 
to determine the optimal dose and duration of sofosbuvir based 
combination therapy in this population.

Our study is the first of  its kind, in which only stage 5 CKD 
or ESRD patients on maintenance hemodialysis with chronic 
HCV infection were included. Full dose sofosbuvir (400 mg) in 
combination with daclatasvir 60 mg or ledipasvir 90 mg showed 
excellent results in terms of  efficacy as well as safety in this 
difficult-to-treat population. With the prescribed regimen, SVR 
12 rate in our study population was 100% with no significant 
deterioration in renal function as evaluated by eGFR or wors-
ening of  anemia in this population. Hence, we recommend that 
full dose sofosbuvir in combination with NS5A inhibitor can be 
safely used in ESRD patients.
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RESUMO – Contexto – A infecção pelo vírus da hepatite C (HCV) é a infecção viral hepática mais comum que afeta pacientes em hemodiálise de 

manutenção. O tratamento da infecção crônica por HCV no estágio 4 e 5 da doença renal crônica inclui uma combinação de elbasvir/grazoprevir e 
glecaprevir/pibrentasvir, que não estão disponíveis em muitos países. Objetivo – Portanto, realizamos este estudo para procurar a segurança e eficácia 
da terapia combinada de sofosbuvir nesta população de difícil tratamento. Métodos – Realizamos um estudo de centro único, prospectivo e aberto, 
no qual pacientes com doença renal crônica em estágio 5 em hemodiálise de manutenção com infecção por HCV. Um total de 18 pacientes foi incluí-
do. Sofosbuvir com daclatasvir ou ledipasvir foi usado de acordo com o genótipo por 12 semanas. O HCV RNA, genótipo, elastografia transitória 
foi considerado para cada paciente. O HCV RNA foi quantificado na 4ª semana, 12ª semana e 12 semanas após o tratamento para procurar uma 
resposta virológica sustentada. Resultados – A infecção por genótipo 1 foi observada em 12 (66,7%) pacientes, seguido pelo genótipo 3 em 4 (22,3%), 
em um paciente do genótipo 2 e em outro, 5. O valor mediano do HCV RNA foi de 2.35.000 IU/mL. Na elastografia transitória, todos tinham rigidez 
hepática de <9.4 KPa. Todos os pacientes tinham RNA HCV <15 IU/mL na 4ª e 12ª semana de tratamento e 12 semanas após o tratamento. Não 
foi observada nenhuma alteração significativa na hemoglobina, eGFR e rigidez hepática. Conclusão – A dose completa sofosbuvir ou seja, 400 mg, 
em combinação com inibidores NS5A daclatasvir ou ledipasvir foi considerada segura e eficaz em pacientes com doença renal em estágio final, que 
estão em manutenção hemodiálise.

DESCRITORES – Hepacivirus. Diálise renal. Sofosbuvir. Técnicas de imagem por elasticidade. 
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