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INTRODUCTION
Hepatitis C virus (HCV) infection is an emerging 
global public health concern with 130-150 million 
infected people worldwide and 350,000-500,000  
HCV-related deaths annually.1-3 HCV infection  
manifests not only to cirrhosis, hepatocellular carci-
noma, and liver failure but also as several extrahe-
patic disorders involving Renal, dermatologic, hema-
tologic, and rheumatologic systems.4

The risk of HCV infection in patients with end-stage 
Renal disease (ESRD) undergoing hemodialysis is 
high mainly due to several routes of transmission 
thought to stem from the dialysis unit.5 Moreover, 
the liver-related morbidity and mortality of HCV 
appear to be higher in patients with severe Renal 
impairment.6 Treatment of HCV infection in severe 
chronic kidney disease (CKD) with GFR less than 
30ml/min/1.73m2 patients using conventional or 
pegylated interferon (PEGIFN), with or without 
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ABSTRACT
Background & Aims: Conventional treatment (interferon or ribavirin) for Hepatitis C viral 
(HCV) infection in patients with severe chronic kidney disease (CKD) has limitations of high 
dropout and less response rate. Directly acting antivirals raise hopes for HCV treatment in 
these patients. This meta-analysis was performed to evaluate the evidence for efficacy and 
safety of sofosbuvir and simeprevir, with or without ribavirin, in HCV-infected patients with 
severe CKD.
Methods: Data was collected from Medline database, clinical-trial registry sites, and confer-
ence proceedings. This meta-analysis screened 78 studies. Quality of studies was assessed 
by New-Castle Ottawa scale. Heterogeneity and publication bias was checked by chi-square 
Q test and Eggers’ test, respectively. Summary estimate of SVR12 and dropout rate was 
calculated at 95% confidence interval (CI).
Results: Seven relevant clinical studies were identified. Two case-series and one case-report 
were excluded; only four studies were eligible for analysis. Three studies were cohort and one  
was retrospective-cohort in nature. Data was analyzed for 56 subjects. 33/56 subjects had  
cirrhosis. 39/56 subjects were on hemodialysis. 37/56 subjects were male. 30/56 subjects 
were treatment-naive. Pooled estimate of SVR12 was found 0.897 (CI 95%=0.957-0.772; 
p<0.01) and dropout estimate was 0.040 (CI 95%=0.011-0.137; p<0.01). Only one subject 
discontinued the treatment due to worsening Renal function regardless of ribavirin.
Conclusion: This study concluded that combination of sofosbuvir and simeprevir, with or 
without ribavirin, was significantly effective and safe in HCV patients with severe CKD.  
For conclusive results, more data is required as this study involved only limited number of 
subjects.
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ribavirin (RBV), remains a clinical challenge with a 
low response rate and high dropout rate due to poor 
tolerability.7

The Direct Acting Antivirals (DAAs) for the treatment 
of HCV infection with severe Renal impairment 
carry the promises of better safety profiles and higher 
cure rate. Two DAAs i.e. sofosbuvir and simeprevir 
were approved in 2013 in the United States and in the  
first half of 2014 in Europe. Sofosbuvir, a nucleotide  
analog NS5B polymerase inhibitor, is effective 
against HCV genotypes 1, 2, 3 and 4 and simeprevir, 
the third NS3/NS4Aprotease inhibitor is effective 
against HCV genotype-1.8

Higher plasma exposures of sofosbuvir (400 mg) 
and its inactive metabolite GS-331007 are found 
in HCV-infected cases with Renal failure since its 
major elimination route (>81%) is kidney and 15% 
excretion by feces.9-10 In contrast, primary route of 
elimination of simeprevir is feces (>90%) and only a 
negligible proportion (<1%) takes the Renal route.11-
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12 Currently, the American Association for the Study of Liver Diseases 
(AASLD) and Infectious Diseases Society of America (IDSA) guidelines 
recommend a standard dose (150 mg) of Simeprevir in patients with 
CKD stage 4; however, there is lack of evidence for regime containing 
sofosbuvir and simeprevir in CKD stage 5.13

Though a combination of sofosbuvir and simeprevir (SOF+SMV) has 
been recommended for treatment of genotype-1 HCV infected patients 
by AASLD and EASL,14 the safety and efficacy of this regimen in patients 
with severe Renal impairment or with GFR<30 ml/min/1.73m2 is 
unknown. Hence,the treatment of HCV infection in this special popula-
tion remains a challenge due to the scarcity of evidence on safety and 
efficacy of DAAs. The results of ongoing clinical studies shall create 
the evidence on pharmacokinetics, efficacy, and safety of this regimen 
(SOF+SMV) in HCV patients with severe CKD.
In view of the above, this meta-analysis was conducted by combin-
ing available data for an evidence on efficacy and safety of the combi-
nation of sofosbuvir and simeprevir, with or without ribavirin, for all 
clinical results available on patients with Hepatitis C with severe CKD 
(GFR<30ml/min/1.73m2).

MATERIALS AND METHODS
Types of studies
We considered all available clinical studies that evaluated efficacy and 
safety/tolerability of the combination of sofosbuvir and simeprevir with 
or without ribavirin in hepatitis C patients with severe chronic kidney 
disease.

Types of participants
We considered studies involving adult patients aged 18 years or more, 
classified as patients with severe Renal impairment or CKD of stage 4 
or 5 in which GFR is equal to or less than 30ml/min/1.73m2 and less 
than 15ml/min/1.73m2, respectively. Both set of participants with ESRD 
whether on hemodialysis or not, were considered.

Types of interventions
Clinical studies in which sofosbuvir in a dose of 200-400 mg per day and 
simeprevir in a dose of 150 mg per day with adjusted dose of ribavirin 
were included.

Search strategy and data extraction
An electronic search of the National Library of medicines’ MEDLINE 
database (Pubmed) was performed and only English studies from 1995 
to 2016 were considered. The proceedings of all relevant conferences of 
the American Association for the Study of Liver Disease (AASLD) and 
the European Association for the Study of the Liver (EASL) congress 
were searched.
The reference lists of identified trials and major reviews, and trials regis-
tered at www.clinicaltrial.gov website were also considered. Monographs 
of respective drugs were also used.
Only articles, abstracts, and letters were included. Case series and case 
reports were excluded to reduce publication bias. If duplicate publica-
tions were found, the publications with all required information were 
used.
The key words such as ‘chronic’, ‘hepatitis C’, ‘HCV infection’, ‘Renal 
impairment’, ‘Renal insufficiency’, ‘Renal failure’, ‘CKD’, ‘chronic kidney 
disease’, ‘ESRD’, ‘end stage Renal disease’, ‘hemodialysis’, ‘dialysis’,‘Renal 
transplantation’, ‘efficacy’, ‘sustained virologic response’, ‘SVR12’, ‘safety’, 
‘adverse events’, ‘ADRs’, ‘ADEs’, ‘side effects’, ‘adverse drug reactions’, 
‘sofosbuvir’, ‘SOF’, ‘nucleotide NS5B inhibitor’, ‘simeprevir’, ‘TMC435’, 

‘SMV’, ‘sofosbuvir with simeprevir’, ‘DAAs’, ‘direct antiviral agents’, ‘anti-
viral therapy’, ‘interferon-free regimen’, ‘oral therapy’, were used.

Inclusion Criteria
Studies on HCV patients aged 18 years or more were included. Treat-
ment regimen with a combination of sofosbuvir and simeprevir, with or 
without ribavirin, were included in the study. Studies on subjects with 
severe CKD or GFR<30 ml/min/1.73m2 were included. Studies that 
involved patients with or without hemodialysis were included.

Exclusion criteria
Studies with subjects of Renal transplantation, normal Renal function or 
early stages (1-3) of chronic kidney disease, and studies with duplication, 
insufficient result information were excluded.

Selection of studies
One author (RS) performed the search to identify potentially relevant 
studies. Two authors (RS and RA) then independently performed each 
subsequent step of the selection and review process. The titles and  
abstracts of identified studies were initially screened for eligibility.  
Potentially eligible studies were subjected to full-text review for method-
ological quality assessment (see below) and data extraction (see below).
There was no language restriction. Discrepancies were resolved by dis-
cussion with two additional authors (PT and AD).

Data extraction
Two authors independently extracted the data and entered in spread-
sheet. Data on stage of Renal impairment, hemodialysis, genotypes of 
Hepatitis C virus, demographic details of subjects, dose of sofosbuvir 
and simeprevir, its duration, frequency, cirrhosis, design of studies, 
sustained virologic response at 12th week of end of treatment (SVR12), 
adverse events, and discontinuation of treatment was collected.

Evaluation of study methodological quality
Newcastle-Ottawa scale (NOS) was used to assess the quality of each 
study by two authors (RS, RA) independently. Each study was judged 
on the basis of three broad perspectives which included the selection of 
the study groups, the comparability of the groups, and the ascertainment 
of either the exposure or outcome of interest for cohort studies. A star 
system was used for the calculation in which maximum of one star for 
each parameter in the domain of selection, exposure and a maximum 
of two stars for comparability can be awarded.15 Hence, a maximum of 
nine stars would be the highest score. Median of score was used as cut 
off point and studies with score higher than median were considered of 
higher quality and vice versa.16

Outcomes
It included efficacy in which rate of sustained virological response-12 
(SVR12) was reported. SVR12 was defined as an undetectable or rapid 
decline in hepatitis C viral RNA load after 12 weeks of the end of  
treatment.17

Another outcome included safety and tolerability of treatment. It was 
reported in terms of rate of discontinuation or with drawal of treatment 
due to adverse drug events.

Data Analysis
Per-protocol analysis was done to calculate response rate of SVR12 and 
treatment discontinuation. Findings were assessed by both fixed effect  
model and random effect model.18-19 Heterogeneity among clinical studies 
was assessed by using Cochrane Q test and quantified by I2 value (20). 
If Q value is greater than the degree of freedom (df) and small p-value  
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(less than 0.05), it indicates the presence of heterogeneity. The value of 
I2 value lies between 0-100% in which value ranges 0-40 show absence 
of heterogeneity, 30-60 for moderate, 50-90 for substantial and >90 
show considerable heterogeneity.21 Random effect model was used to 
find pooled estimate effect in the case of heterogeneity between clinical 
studies and fixed effect model in the absence of heterogeneity.22,23 Eggers’ 
intercept value was evaluated to check the publication bias and if it devi-
ates from zero and p-value less than 0.1, it shows a symmetry in studies.24  
Funnel plots of standard error by logit event rate and precision by logit 
event rate were drawn for assessing publication bias.25 Stratified analysis  
was performed according to design, dose, and region for SVR12 and 
dropout rate estimate. Meta-regression analysis was done for checking 
the co-relation between different co-variates and outcomes. Sensitivity 
analysis was done to assess the robustness of results of studies. The data 
was analyzed by using the comprehensive meta-analysis V2 eve (CMA)  
software. All p-values were two-tailed and p<0.05 was considered as  
“statistically significant”. The present systematic review and meta-analysis 
was designed and carried out according to standard PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-analysis) guidelines.26 

RESULTS
A total of 78 clinical studies were identified and screened after an elec-
tronic and manual search by two authors (RS, RA) independently. There 
were no disagreements regarding the inclusion of clinical studies. After 
screening and reviewing abstracts, 71 studies were excluded according to 
exclusion criteria. Seven studies were relevant, of which one case report 
and two case series were excluded (27-29). Finally, only four clinical 
studies were included for meta-analysis (Figure 1).

Study and patients’ characteristics
Out of four eligible studies, three studies were cohort and one study was 
a retrospective cohort in nature. It gave information on special popula-
tion of 56 HCV patients. (30-33) A total of 3 studies were conducted in 
the USA (Table 1).
All subjects were more than 50 years old. Of the 56, 37 subjects were male. 
30 subjects did not receive any HCV treatment in past (56%). In all studies, 
male subjects were more than 70% except in Saxena’s study where female 
were 74%. At the most, 82% patients were naïve in Nazario’s study while 
least (28%) in Dumortier’s study. Two studies (Nazario, Kalyan Ram)  
were completely conducted on HCV-1 population and another two studies  
(Saxena, Dumortier) included >55% of the HCV-1 population. 63% 
(35) subjects were suffering from HCV-1. Cirrhosis was present in 59% 
(33/56) of subjects in studies and 70% (39/56) subjects were on hemo-
dialysis (Table 2).
All subjects in studies had CKD stage 4 or 5. Studies presented the basic  
value of HCV-RNA with different variables and found that in three studies 
(Nazario, Kalyan ram, Saxena) value was greater than 8 million while in 
one study (Dumortier) information on baseline value of HCV RNA was 
not available.

Treatment details
Since this meta-analysis included a regime of SOF and SMV with or without 
RBV, results were adjusted accordingly from the studies. Therapy of SOF  
and SMV without ribavirin was given in 45/56 of subjects (80%). Treat-
ment duration was not reported in one study and in rest; it was for  
12 weeks on an average. Sofosbuvir was found to be given in a dose of 
400 mg daily, 400 mg three times a week, and 200 mg daily. Simeprevir 
was prescribed in a dose of 150 mg daily in all subjects (100%) (Table 3).

Quality assessment results
All studies were found to have NOS score of 6 indicating good quality. 

Summary Estimate of Efficacy Outcome (SVR12)
The pooled estimate of SVR12 was 0.897 (event rate = 0.897; 95% CI = 
0.957-0.772; p<0.01)(Figure 2). No heterogeneity was found (Q value- 
1.816, df (Q) = 3, p=0.611, I2=0). It was found that p-value of Begg’s test 
was 0.73; and 0.021 in Egger’s test.The reason for bias could be a small 
number of studies and low power of tests for such type of meta-analysis.
Efficacy in the form of SVR12 was 100% in half (28/56) of subjects and 
around 85% in another half. SVR12 was achieved in 93% (28/30) of 
subjects with a combination of SOF with SMV without RBV. SVR12 
rate was similar across all subgroups; and, the highest was with the 
regime of SOF with SMV (0.906; CI=95% 0.720:0.973). Findings of 
sensitivity analysis were same with both fixed effect model and random 
effect model (Table 4).

Summary Estimate of safety outcome
Pooled estimate of discontinuation rate was 0.040 (CI 95% = 0.011- 
0.137; p<0.01). No heterogeneity was found (Q value – 0.235, df (Q) = 3,  
p=0.972, I2=0) (Figure 3). Publication bias was not found (Begg’s test, 
p=1.0, Egger’s test = p=0.11).
Discontinuation of treatment or dropout rate because of adverse events 
of therapy was not found in three studies and 9% (1/11) in one study 
where adverse events were not reported. Hence, this regime was found 
tolerable in 98% of subjects and only 2% dropout rate (1/56) among all 
subjects. The dropout rate was similar across the subgroups and it was 
least with a combination of SOF with SMV. Findings with both models 
were similar (Table 5).
Most commonly occurring mild adverse events, which did not require 
any dose adjustment or hospitalization or with drawal from treatment,  
were anemia (13, 29%), insomnia (4, 9%), headache (4, 9%), fatigue  
(10, 22%), nausea (6, 13%), loss of appetite/diarrhea (2, 4%), and rashes 
(4, 9%). Data was not available on mild adverse events in one study.33

Meta-regression analysis and Sensitivity analysis
After performing meta-regression analysis, a significant relationship 
between any covariate and event rate of SVR12 or between covariate & 
dropout rate was not found. The reason could be a small number of studies  
(p>0.05) (Table 6, Table 7). Sensitivity analysis was performed by using 
leave one out method which showed that findings of included studies 
were robust. It was assessed for both fixed and random effect model. 
Overall estimate was the same for both.

DISCUSSION
This meta-analysis is the first for a population of HCV with Renal impair-
ment for regime including direct antivirals (DAAs) i.e. Sofosbuvir with 
Simeprevir with or without ribavirin. Treatment of hepatitis C using con-
ventional or PEG IFN with or without ribavirin remains a clinical chal-
lenge with low response rate, thehigh discontinuation rate due to poor 
safety and tolerability7. Study on treatment of chronic hepatitis C in end 
stage Renal disease by Duseja et al showed that SVR was assessed only 
in one patient (1/16). Discontinuation of treatment was seen in 37.5% 
(6/16) patients in which 12.5% was due to worsening of adverse effects 
and 12.5% was due to unaffordability and 12.5% not responded to the 
regimen.34

A meta-analysis by Fabrizi et al on antiviral therapy (pegylated inter-
feron and ribavirin) of hepatitis C in dialysis patients showed an estimate 
of 0.60 SVR12 pooled estimate and 0.18 of dropout estimate. Among all, 
24% dropout were due to anemia and 13% due to infections.35

Another study on monotherapy of interferon by Esforzado et al showed 
acure rate of 30-45% in ESRD patients.36 As therapy of Peg IFN and RBV 
may cause post transplanted graft rejection, the safety of conventional 
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Table 1: Demographic data of clinical studies

Authors Patients (N) Publication Year Study Design Country

Nazario30 17 2015 Cohort USA

Kalyan Ram31 15 2015 Cohort USA

Saxena32 13 2015 Cohort USA

Dumortier33 11 2015 Retrospective Cohort France

Table 2: Clinical data details

Authors.Ref Age (years) Male (%) Naïve** HCV-1(a) (%) HCV-1(b) (%) Cirrhosis$ HD₸ eGFR¥ HCV-RNA (IU/ml)

Nazario30 57(46–69)# 82% 82% 76% 24% 47% 88% <30 >8,00,000£

KalyanRam31 59.7(7.2)@ 73% 40% 67% 33% 60% 80% ≤30 9.7×105 €

Saxena32 60.5(7.5) @ 28% NR 42% 21% 75% 28% ≤30 4.4×106

Dumortier33 * 72% 28% 14% 42% 54% 70% <30 NR
# Age in median, @ Age in mean (Std. error),* ≥65 years in 26% subjects, ¥ Units of eGFR ml/min./1.73m2, £ 76% subjects with this baseline HCVRNA 
level, € Mean HCV RNA level, NR- Not reported, ₸% of patients with hemodialysis, $ % of patients with cirrhosis, ** % of new patients who never had 
HCV treatment, Ref-Reference.

Table 3: Treatment and response details

Authors.Ref Regime Duration Dose Efficacy# Dropout 
rate^

Nazario30 Sof + SMV without RBV* 12 weeks SOF(400 mg) + SMV (150 mg)/daily 100% 0

Kalyan Ram31 Sof + SMV without RBV* 12 weeks** SOF(400 mg) + SMV (150 mg)/daily 87% 0

Saxena32 (Sof + SMV) ± RBV* 12weeks SOF(200 mg) + SMV (150 mg)/daily 85% 6%

Dumortier33 (Sof + SMV) ± RBV* NR SOF(400 mg) £ + SMV (150 mg)/daily 100% 0

*Sof-Sofosbuvir, SMV-Simeprevir, RBV-Ribavirin, NR- Not Reported, ** treatment given for 12 weeks in 14 patients and for  
24 weeks in one patient, £ Sof-400mg three times per week, # calculated SVR12per protocol analysis, ^ discontinuation of treat-
ment due to adverse events

Table 4: Outcome estimate of SVR12-primary analysis and subgroup analysis

Fixed effect model
Event rate

Q(P) I2

N=4 0.897 (0.772:0.957) 1.816 0

Studies only with SOF + SMV (N=2) 0.906 (0.720:0.973) 1.034 3.3

Studies from USA (N=3) 0.885 (0.739:0.954) 1.304 0

Cohort Studies (N=3) 0.885 (0.739:0.954) 1.304 0

SOF-sofosbuvir; SMV-simeprevir;  N-total number of studies.

Table 5: Outcome estimate of dropout rate-primary analysis and subgroup analysis

Fixed effect model
Event rate

Q(P) I2

N=4 0.051 (0.015:0.156) 0.738 0

Studies only with SOF + SMV (N=2) 0.029 (0.004:0.182) 0.004 0

Studies from USA (N=3) 0.040 (0.009:0.158) 0.234 0

Cohort Studies (N=3) 0.040 (0.009:0.158) 0.234 0

SOF-sofosbuvir; SMV-simeprevir; N-total number of studies.
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Table 6: Meta-regression for co-relation between covariates and SVR12

Covariate Regression 
Coefficient

Standard error 95% CI Z-value p-value

Cirrhosis -5.05 4.44 -13.8;3.66 -1.14 0.225573

Hemodialysis 1.33 1.89 -2.37;5.04 0.71 0.47959

HCV-1 -0.008 2.87 -5.63;5.62 -0.003 0.99770

Size of Study 0.37 0.32 -0.25;0.99 1.17 0.24284

Dose of SOF -0.00013 0.005 -0.01; 0.01 -0.03 0.97898

Dropout Rate -0.08 0.11 -0.29;0.14 -0.70 0.48512

Male 0.02 0.02 -0.024;0.058 0.79 0.42951

Naive 2.25 3.44 -4.49;8.99 0.65 0.51380

Table 7: Meta-regression for co-relation between covariates and Dropout rate

Covariate Regression 
Coefficient

Standard error 95% CI Z-value p-value

Cirrhosis 3.91 4.96 -5.81;13.6 0.79 0.43081

Hemodialysis -2.08 2.43 -6.84;2.67 -0.86 0.39100

HCV-1 -1.93 3.65 -9.09;5.23 -0.53 0.59635

Study Size -0.15 0.31 -0.77;0.47 -0.48 0.63382

Dose of SOF 0.003 0.006 -0.01;0.02 0.45 0.65329

Male % -0.02 0.03 -0.07;0.03 -0.85 0.39667

Naive -0.65 3.58 -7.67;6.38 -0.18 0.85650

Table 8: Demographic and clinical details of Case series

Authors.Ref Age (years) Male (%) Naïve HCV-1 (%) Cirrhosis HD eGFR HCV RNA (IU/ml)

Hundermer27 60±14 83% 50% 100% 50% 33% <30 2.99×106

Singh29 56.8±20 25% 87.5% 87.5% 37% 100% <30 4.2×105 

Ref-Reference; HD-hemodialysis; GFR-Glomerular Filtration Rate.

Table 9: Treatment and response details of Case series

Authors.Ref N Regime Duration Dose Efficacy Dropout rate

Hundermer27 3 Sof + SMV without RBV 12 weeks SOF(400 mg) + SMV (150 mg)/daily (2/3) 67% 0

Singh29 4 Sof + SMV without RBV 12 weeks SOF(400 mg) + SMV (150 mg)/daily 100% 0

Ref-Reference; SOF-sofosbuvir; SMV-simeprevir; RBV- ribavirin; N-total number of subjects.

treatment remains an issue to address37,38 The rapid evolution of inter-
feron-free regimen DAAs changed the perception about the treatment of 
chronic HCV in difficult to treat group. Difficult to treat group included 
HCV patients with severe Renal impairment including ESRD or kidney 
transplantation.39 However, efficacy and safety of newer HCV therapies 
remain to be confirmed in this special population. The purpose of this 
meta-analysis is to create evidence by compiling all available results for 
efficacy and safety for this particular combination that can be helpful for 
making strong recommendations for such population.
Presently, clinical studies are in progress for DAAs but strong recommen-
dations are not available for the population of HCV with severe Renal 
impairment yet. Hence, this meta-analysis involved all type of sources 
for getting information on this combination including conference pro-
ceedings, available databases, trial registry sites as well as abstracts with 
complete information on required variables but excluded case report28 
and case-series27,29 to avoid publication bias and heterogeneity. These 
case series also showed the results for safety and efficacy of regime of  

SOF+SMV without RBV for this special population. Case series by  
Hundermer et al was retrospective and case series by Singh et al. was  
acohort in nature (Table 8). Results showed significant SVR 12 response 
and no discontinuation due to treatment. Patients suffered from mild 
adverse events but not severe which could cause a dropout (Table 9).
Findings showed the SVR12 and dropout event rate of 0.897 & 0.05, 
respectively, with the regime of sofosbuvir with Simeprevir with or with-
out ribavirin in HCV patients with severe chronic kidney disease. Even, 
SVR12 with a combination of sofosbuvir and Simeprevir without ribavi-
rin was found more significant, 0.91 and 0.04, respectively;  there was no 
case of dropout.
Among all included studies, only one patient had discontinued the treat-
ment due to worsening of Renal function. However, a causal relationship 
with ribavirin could not be found. In rest of the cases, all adverse events 
were mild which included anemia, insomnia, headache, nausea, fatigue, 
diarrhea, loss of appetite, and rashes or itching. These adverse events did 
not require any hospitalization and any dose adjustment.
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Figure 1: Flowchart of Screening of Studies.

Figure 2: Summary Estimate of SVR12 Outcome.
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Figure 3: Summary Estimate of Discontinuation rate.

Limitations of the present study involve small sample size, limited clinical 
studies, absence of histological data, and no information on dose and 
dose adjustments of ribavirin. Data was not available on correlation 
between the dose of sofosbuvir and outcome.

CONCLUSION
This meta-analysis showed significant SVR12 response with a combina-
tion of sofosbuvir and simeprevir with or without ribavirin and even better  
outcome estimate with a combination of sofosbuvir and simeprevir 
without ribavirin. Since sample size of the current study is very less for 
the strong recommendation of this combination for HCV patients with 
severe Renal impairment, further prospective research is required. At 
present, from all available evidence, it was concluded that combination 
of sofosbuvir and Simeprevir with or without ribavirin is efficacious, 
safe, and tolerable in HCV patients with severe chronic kidney disease.

List of Abbreviations
HCV: Hepatitis C Virus; CKD: Chronic Kidney Disease; SVR: Sustained 
Virologic Response; DAAs: Direct Acting Antivirals; ESRD: End Stage 
Renal Disease; AASLD: American Association of Liver Diseases; IDSA: 
Infectious Diseases Society of America; EASL: European Association of 
Study of Liver; GFR: Glomerular Filtration Rate; SOF: Sofosbuvir; SMV: 
Simeprevir

REFERENCES
1.  Latt NL, Araz F, Alachkar N, Durand CM, Gurakar A. Management of hepatitis 

C infection among patients with Renal failure. Minerva Gastroenterol Dietol. 
2015;1;61(1):39-49.

2.  Maruyama A, Partovi N, Yoshida EM, Erb SR, Azalgara VM, Hussaini T.  
A review of direct-acting antivirals for the treatment of hepatitis C in patients 
with advanced chronic kidney disease. Nephrol Dial Transplant. 2015;19:1-6. 
http://dx.doi.org/10.1093/ndt/gfv361

3.  Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and 
regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: 

a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 
2013;380(9859):2095-128. http://dx.doi.org/10.1016/S0140-6736(12)61728-0

4.  Fabrizi F, Messa P. Therapy of hepatitis C by direct-acting anti-virals: the end 
of HCV in dialysis population?. Expert Review of Clinical Pharmacology. 
2015;2;8(6):785-93

5.  Berenguer M. Treatment of chronic hepatitis C in hemodialysis patients. Hepa-
tology. 2008;1;48(5):1690-9.

6.  Bunchorntavakul C, Maneerattanaporn M, Chavalitdhamrong D. Manage-
ment of patients with hepatitis C infection and Renal disease. World J Hepatol.  
2015;7:213-25. http://dx.doi.org/10.4254/wjh.v7.i2.213; PMid:25729476 
PMCid:PMC4342603.

7.  Azmi AN, Tan SS, Mohamed R. Hepatitis C and kidney disease: An overview 
and approach to management. World Journal of Hepatology. 2015;27;7(1):78.

8.  Pawlotsky JM. New hepatitis C virus (HCV) drugs and the hope for a cure:  
concepts in anti-HCV drug development. Semin Liver Dis. 2014;34(1):22-9. 
http://dx.doi.org/10.1055/s-0034-1371007 ; PMid:24782255

9.  Kirby BJ, Symonds WT, Kearney BP, Mathias AA. Pharmacokinetic, pharmaco-
dynamic, and drug-interaction profile of the hepatitis C virus NS5B polymerase 
inhibitor sofosbuvir. Clinical Pharmacokinetics. 2015;1;54(7):677-90.

10.  Product Monograph Pr SOVALDI® (sofosbuvir) Tablets 400 mg sofosbuvir  
Antiviral Agent. Gilead Sciences Inc [cited 2016 29 Jan]; Available from: (http://
www.gilead.ca/pdf/ca/sovaldi_pm_english.pdf) , 2015.

11.  Burgess S, Partovi N, Yoshida EM, Erb SR, Azalgara VM, Hussaini T. Drug  
Interactions With Direct-Acting Antivirals for Hepatitis C: Implications for HIV 
and Transplant Patients. Ann Pharmacother. 49: 674-87 (2015). http://dx.doi.
org/10.1177/1060028015576180 ; PMid:25770114.

12.  PRODUCT MONOGRAPH: PrGALEXOS™ simeprevir capsules 150 mg (as 
simeprevir sodium) Janssen Inc. [cited 2016 29 Jan]; Available from: (https://
www.janssen.com/canada/sites/www_janssen_com_canada/files/product/pdf/
gal01292015cpm_snds.pdf), 2015.

13.  HCV Guidance: Recommendations for Testing, Managing, and Treating Hepa-
titis C. Unique patient populations:patients with Renal impairment. Infectious 
Diseases Society of America (IDSA) and American Association for the Study of 
Liver Diseases (AASLD) [cited 2016 29 Jan]; Available from: (http://hcvguide-
lines.org/sites/default/files/HCV-Guidance_January_2016_c7.pdf), 2015.

14.  Lawitz E, Sulkowski MS, Ghalib R, Rodriguez-Torres M, Younossi ZM,  
Corregidor A, et al. Simeprevir plus sofosbuvir, with or without ribavirin, to 
treat chronic infection with hepatitis C virus genotype 1 in non-responders to 
pegylated interferon and ribavirin and treatment-naive patients: the COSMOS 
randomised study. Lancet. 2014;384:1756-65. http://dx.doi.org/10.1016/S0140-
6736(14)61036-9. 

15.  Wells GA, Shea B, Connell D, Peterson J, Welch V, Losos M, et al. The  



SINGHAL et al.: Efficacy and Safety of Sofosbuvir

12� BEMS Reports, Vol 2, Issue 1, Jan-Jun, 2016

based treatment is safe and effective in patients with chronic hepatitis C 
infection and end stage Renal disease: a case series. Liver International. 
2016;1;36(6):802-6.

30.  Nazario HE, Ndungu M, Modi AA. Sofosbuvir and Simeprevir in Hepatitis C 
genotype 1- patients with End-Stage Renal Disease on hemodialysis or GFR 
<30mL/min. Liver Int. 2016;19:13025.

31.  Kalyan Ram B, Czul F, Peyton A, Levy C, Hernandez M, Jeffers L, et al. Safety, 
efficacy and tolerability of half-dose sofosbuvir plus simeprevir in treatment of  
Hepatitis C in patients with end stage Renal disease. J Hepatol. 2015;63(3):763-
5. http://dx.doi.org/10.1016/j.jhep.2015.06.004 ; PMid:26095179.

32.  Saxena V, Koraishy FM, Sise M, Lim JK, Chung RT, Liapakis A, et al., editors. 
Safety and Efficacy of Sofosbuvir-Containing Regimens in Hepatitis C Infected  
Patients with Reduced Renal Function: Real-World Experience from HCV-TARGET 
An Integrated Symposium of the International liver Congress 2015, 50th Annual 
Meeting of the European Association for the Study of the Liver; 2015 25 April; 
Vienna, Austria: J Hepatol.

33.  Dumortier J, Bailly F, Pageaux GP, Pichard AV, Radenne S, Habersetzer F, et al., 
editors. Sofosbuvir-based antiviral therapy in HCV patients with severe Renal 
failure. AASLD- The Liver Meeting 2015; 2015 13-17 Nov.; San Francisco, USA: 
J Hepatol.

34.  Duseja A, Choudhary NS, Gupta S, Dhiman RK, Chawla Y, Sakhuja V. Treat-
ment of chronic hepatitis C in end stage Renal disease: experience at a tertiary 
care centre. Trop Gastroenterol. 2012;33(3):189-92. http://dx.doi.org/10.7869/
tg.2012.47 ; PMid:23600049.

35.  Fabrizi F, Dixit V, Messa P, Martin P. Antiviral therapy (pegylated interferon and  
ribavirin) of hepatitis C in dialysis patients: meta-analysis of clinical studies. J Viral 
Hepat. 2014;21(10):681-9. http://dx.doi.org/10.1111/jvh.12276 ; PMid:25040244.

36.  Esforzado N, Campistol JM. Treatment of hepatitis C in dialysis patients. Contrib 
Nephrol. 2012;176:54-65. http://dx.doi.org/10.1159/000332383; PMid:22310781.

37.  Morales JM, Fabrizi F. Hepatitis C and its impact on Renal transplantation. 
Nat Rev Nephrol. 2015;11(3):172-82. http://dx.doi.org/10.1038/nrneph.2015.5; 
PMid:25643666.

38.  Kidney disease: Improving Global Outcomes (KDIGO). KDIGO Clinical Practice 
Guidelines for the Prevention, Diagnosis, Evaluation, and Treatment of Hepatitis 
C in Chronic Kidney Disease. (cited 2016 7 Feb); Available from: (http://www.
kdigo.org/clinical_practice_guidelines/pdf/KDIGO%20Hepatitis%20C%20
Guideline.pdf),  2008.

39.  Ferenci P. Treatment of hepatitis C in difficult-to-treat patients. Nat Rev Gastro-
enterol Hepatol. 2015;12(5):284-92. http://dx.doi.org/10.1038/nrgastro.2015.53; 
PMid:25895822.

Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised 
studies in meta-analyses. University of Ottawa: research institute (cited 2016 
31 Jan); Available from: (http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp),  2000.

16.  Jüni P, Witschi A, Bloch R, Egger M. The hazards of scoring the quality of clinical 
trials for meta-analysis. Jama. 1999;15;282(11):1054-60.

17.  Puri P, Anand AC, Saraswat VA, Acharya SK, Dhiman RK, Sarin SK, et al. Indian 
National Association for Study of the Liver (INASL) Guidance for Antiviral Ther-
apy Against HCV Infection in 2015. J Clin Exp Hepatol. 2014;5(3):221-38. http://
dx.doi.org/10.1016/j.jceh.2015.09.002 ; PMid:26628840.

18.  Intention to treat analysis and per protocol analysis: complementary informa-
tion. Prescrire Int. 21: 304-6 (2012). PMid:23373104.

19.  DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177-88. http://dx.doi.org/10. 1016/0197-2456(86)90046-2. 

20.  Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327(7414):557-60. http://dx.doi.org/10.1136/
bmj.327.7414.557 ; PMid:12958120 PMCid:PMC192859.

21.  Ryan R. Heterogeneity and subgroup analyses in Cochrane Consumers and 
Communication Review Group reviews:Planning the analysis at protocol stage. 
Cochrane Consumers and Communication Review Group [cited 2016 31 Jan];  
Available from: (http://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/ 
uploads/Heterogeneity_subgroup_analyses.pdf) , 2014.

22.  Petitti DB. Approaches to heterogeneity in meta-analysis. Stat Med. 20: 3625-33 
(2001). http://dx.doi.org/10.1002/sim.1091 ; PMid:11746342.

23.  Kelley GA, Kelley KS. Statistical models for meta-analysis: A brief tutorial.  
World J Methodol. 2012;2:27-32. http://dx.doi.org/10.5662/wjm.v2.i4.27; 
PMid:25237614 PMCid:PMC4145560.

24.  Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by 
a simple, graphical test. Bmj. 1997;13;315(7109):629-34.

25.  Begg CB, Mazumdar M. Operating characteristics of a rank correla-
tion test for publication bias. Biometrics. 1994;50:1088-101. http://dx.doi.
org/10.2307/2533446 .

26.  Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for  
systematic reviews and meta-analyses: The PRISMA statement. International 
Journal of Surgery. 2010;8:336-41. http://dx.doi.org/10.1016/j.ijsu.2010.02.007; 
PMid:20171303.

27.  Hundemer GL, Sise ME, Wisocky J, Ufere N, Friedman LS, Corey KE, et al.  
Use of sofosbuvir-based direct-acting antiviral therapy for hepatitis C viral  
infection in patients with severe Renal insufficiency. Infect Dis. 2015;47(12):924-9.  
http://dx.doi.org/10.3109/23744235.2015.1078908; PMid:26365684 PMCid: 
PMC4732277.

28.  Perumpail RB, Wong RJ, Ha LD, Pham EA, Wang U, Luong H, et al. Sofosbuvir and  
simeprevir combination therapy in the setting of liver transplantation and hemo-
dialysis. Transpl Infect Dis. 2015;17(2):275-8. http://dx.doi.org/10.1111/tid.12348; 
PMid:25641426.

29.  Singh T, Guirguis J, Anthony S, Rivas J, Hanouneh IA, Alkhouri N. Sofosbuvir‐ 

Cite this article : Singhal R, Ahlawat R, Tiwari P, Duseja A. Efficacy and Safety of Sofosbuvir With Simeprevir In Hepatitis C Infected Patients With Severe 
Chronic Kidney Disease: A Systematic Review And Meta-Analysis. BEMS Reports. 2016; 2(1): 5-12.


