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BACKGROUND 
Hepatitis C is a commonly diagnosed liver disease. The World Health Organization estimates 
that between 130 and 150 million people are chronically infected worldwide.1, 2 Nearly 350,000 
people are estimated to die from hepatitis C-related liver diseases each year.3 Genotypes 1-3 
have a worldwide distribution with genotypes 1a and 1b accounting for nearly 60% of global 
hepatitis C infections.4 Central and East Asia and North Africa/Middle East are estimated to 
have the highest prevalence of hepatitis C virus (HCV) infection (>3.5%).1 Hepatitis C can cause 
a significant reduction in a person’s health-related quality of life (HRQOL).5 In addition, 
untreated chronic HCV infection imposes a considerable financial burden with average 
individual lifetime costs estimated at around $65,000 US dollars and total costs of 
approximately $6.5 billion US dollars.6  

Hepatitis C is frequently seen as a co-infection with another chronic disease, HIV. Nearly 5 
million people worldwide are estimated to suffer from HIV/HCV co-infections.7 In the United 
States, nearly 25% of those with HIV are known to be co-infected with HCV.8 Not only does the 
risk of severe liver disease increase significantly in co-infected persons, but such persons are 
also less likely to have a satisfactory immunological response to antiretroviral therapy (ART) 
when compared to mono-infected persons, thus resulting in an increased overall burden of 
disease. 9-11  

 

Pharmacological action of Sofosbuvir and Simeprevir 

Sofosbuvir (SOF) and simeprevir (SMV) are two new 2nd generation direct acting antiviral (DAA) 
agents. SOF is a pyrimidine nucleotide analogue of NS5B and acts as an inhibitor of viral RNA 
polymerase, which is essential for replication of HCV.12 Animal studies have shown that SOF has 
a high sensitivity and specificity for HCV.13 In-vitro studies have shown that SOF has a high 
barrier for resistance across all the commonly encountered hepatitis C genotypes.14 Since SOF is 
not metabolized by the CYT-P450 3A/4 pathway, drug interactions are expected to be minimal 
and drug dose modifications are not needed for patients with mild-to-moderate renal 
impairment, impaired liver function, or compensated cirrhosis.12 SOF is primarily eliminated 
through renal clearance; therefore, safety has not been established in patients with reduced 
renal function with a creatinine clearance of less than 30 ml/min/1.73m2.15 No dose 
adjustments are necessary for moderate or even severe hepatic impairment. 

SMV is a NS3/4A protease inhibitor which prevents viral maturation through inhibition of 
protein synthesis. SMV is metabolized mainly by the cytochrome P450 3A (CYP3A) pathway in 
the liver and can cause drug-drug interactions with inhibitors and inducers of CYP3A. SMV is 
also a substrate and mild inhibitor of P-glycoprotein which may help predict other drug 
interactions. SMV induces photosensitivity and the application of sun protection is advised.16 
SMV has good oral bioavailability and dose adjustment is not necessary in mild-to-severe renal 
impairment or mild hepatic impairment. 
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Importance of review 

Around 80% of newly infected HCV infections become chronic.9 In persons with HCV and HIV 
co-infection there is more accelerated disease progression leading to increased severity of liver 
disease, which is associated with a higher mortality than HIV or HCV mono-infection.17 Dual 
therapy of peg-interferon plus ribavirin (peg-IFN/RBV) produced sustained virologic response 
(SVR) rates of about 40%, but a high rate of hematological, dermatological, and gastrointestinal 
side effects are common.18 The two 1st generation DAAs, telaprevir and boceprevir given in 
combination with peg-IFN/RBV significantly improved SVR rates when compared to dual 
therapy, but this triple regimen was also accompanied by significantly increased numbers of 
treatment discontinuations and serious adverse events, particularly in treatment-experienced 
patients.19 Additionally, both telaprevir and boceprevir have a higher dosing frequency and pill 
burden (6 and 12 pills per day respectively divided into three doses per day) and are only 
approved for HCV genotype 1 (GT1) by the FDA.20, 21 A propensity for chronicity combined with 
the lack of availability of a vaccine for HCV makes a strong case for preferably pangenotypic 
hepatitis C drugs that have a favorable risk-benefit profile. Recent randomized controlled trials 
(RCTs) and other non-randomized clinical trials using sofosbuvir22-28 or simeprevir29-33 have 
demonstrated high viral cure rates, particularly in GT1 infection. However, results vary among 
studies and the balance between benefits and downsides is unclear. Given the uncertainty 
about the overall effect of these 2nd generation DAAs and the quality of evidence, we 
conducted a systematic review and meta-analysis of RCTs and non-randomized clinical trials of 
SOF and SMV for chronic hepatitis C. 

 

METHODS 

Scope of review 

This systematic review to support the WHO’s clinical practice guideline recommendations34 was 
carried out between November 9 and December 7, 2013. Initial steps included the 
development of clinical research questions related to simeprevir and sofosbuvir. We limited the 
comparator to peg-IFN/ribavirin or no treatment (placebo) after an initial detailed search found 
no trials comparing first generation DAAs (telaprevir and boceprevir) to second generation 
DAAs. 

Patients, interventions, comparison groups, and outcomes (PICOs) assessed for SOF and SMV 
are detailed in Table 1.  

 

Table 1: PICOs for sofosbuvir and simeprevir containing antiviral regimens 

 Sofosbuvir  Simeprevir  

Participants  Adult patients (≥18 years) with 
chronic hepatitis C virus infection 
with or without HIV co-infection 

Adult patients (≥18 years) with 
chronic hepatitis C virus infection 
with or without HIV co-infection 

Intervention  SOF 400 mg QD* in combination 
with weight based RBV (1000 mg 

SMV 150 mg QD* in combination 
weight based RBV (1000 mg OD in 



PICO 7 (Treatment): Sofosbuvir and Simeprevir     
 

 5 

OD in persons <75 kg and 1200 mg 
OD in persons >75 kg) with or 
without peg-IFN-2α (180µg once 
weekly dosing) 

persons <75 kg and 1200 mg OD in 
1200 mg in persons >75 kg) with or 
without peg-IFN-2α (180 µg once 
weekly dosing) 

Comparator Peg-IFN/RBV or placebo (historical 
controls if comparison group 
unavailable) 

Peg-IFN/RBV or placebo (historical 
controls if comparison group 
unavailable) 

Outcomes Primary outcome: Failure to achieve 
SVR12 or SVR24 
Secondary outcome: Adverse events 
leading to treatment 
discontinuation  

Primary outcome: Failure to achieve 
SVR12 or SVR24 
Secondary outcome: Adverse events 
leading to treatment 
discontinuation 

Type of studies  RCTs and non-randomized clinical 
trials  

RCTs and non-randomized clinical 
trials 

* This dosing is based on the FDA prescribing information for sofosbuvir15 and  simeprevir16 

 

Data sources and searches 

Electronic databases comprised of PubMed, Web of Science/Web of Knowledge, CINAHL, and 
Cochrane Central Register of Controlled Trials were searched from inception through December 
2013 for eligible peer-reviewed articles for inclusion in the meta-analysis. Additionally, 
abstracts presented at annual meetings of major gastroenterological societies such as Digestive 
Diseases Week (DDW), American College of Gastroenterology (ACG), American Association for 
the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver 
(EASL) were hand-searched for eligibility. The search terms utilized were simeprevir, TMC435, 
sofosbuvir, GS7977, hepatitis C and HIV, with the syntax tailored to each database. The detailed 
search strategy for PubMed is presented in the Appendix. The search strategy was limited to 
English-language articles.  

 

Inclusion and exclusion criteria for eligibility 

Inclusion criteria 

 RCTs and non-randomized clinical trials evaluating the effect of SOF or SMV in adult 
patients with chronic hepatitis C enrolling at least 10 patients in a genotype specific arm 

 Infection with one of the 6 commonly encountered HCV genotypes (GT 1-6)  

 Treatment duration of at least 12 weeks  

 Studies evaluating SOF had to use a fixed-dose combination of SOF 400 mg + RBV ± peg-
IFN. Studies evaluating SMV had to use a fixed-dose combination of SMV 150 mg + RBV 
+ peg-IFN  

 Studies with patients having stable HIV co-infection were permissible  
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Exclusion criteria 

 SOF and SMV doses other than 400 mg QD and 150 mg QD respectively 

 Trials evaluating SOF in combination with other DAAs such as, daclatasvir or ledipasvir  

 Presence of Hepatitis B co-infection 

 

Data extraction 

After validation of a data recording sheet, duplicate data extraction and quality criteria 
assessment were carried out by both reviewers independently and conflicts were resolved by 
discussion.  

The following data were extracted: 

 Study characteristics (country, study design, funding source) 

 Study population characteristics (age, gender, race, genotype, treatment naïve vs. 
treatment experienced, prior response (null-responder, non-responder, partial-
responder, relapsed), presence or absence of cirrhosis, HIV infection status) 

 Number of patients at baseline, end of the treatment period and at 12/24 weeks of 
follow-up, and losses to follow-up 

 Primary and secondary outcome measures including adverse effects 

 

Assessment of risk of bias 

 Risk of bias was assessed using the Cochrane risk of bias tool in Review Manager 5.2.35 
The following criteria were used to assess risk of bias within individual studies:  

o Method used to generate the randomization schedule  

o Allocation concealment 

o Level of blinding (patient, healthcare provider, data collector, outcome assessor 
and data analyst) 

o Percentage of follow-up and whether incomplete outcome data was addressed 

o Whether the analysis was intention-to-treat (ITT) 

 Risk of bias for observational studies (single arm cohorts) were assessed using the 
Newcastle-Ottawa quality assessment scale for cohort studies.36  

 

The quality of evidence was rated using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) methodology.37 Outcomes were first rated in terms of 
their importance and the quality of evidence was then assessed for each outcome across 
studies by using the GRADE criteria such as indirectness, imprecision, inconsistency, and 
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additional GRADE criteria such as risk of publication bias, large magnitude of effect, and dose-
response-gradient.38 

 

Data synthesis, statistical analysis and modeling assumptions 

For SOF, with the exception of one RCT (in genotype 2 and 3) which included a placebo group, 
the remaining study designs did not incorporate a placebo control group. In order to be as 
inclusive as possible and to optimize precision for absolute effect estimates, an a priori decision 
was made to pool only the intervention arm of the RCTs (or cohorts), i.e. only the SOF arm in 
RCTs and non-randomized trials were pooled as single-arm trials. In order to calculate relative 
risk (RR) of failure to achieve SVR12/24 for SOF, limited data modeling was necessary requiring 
a selection of an appropriate control group risk. 

Control event rate assumption for placebo: Given a documented response rate of 0/68 (0%) 
after 12 weeks of exposure to placebo in one SOF study22, it is plausible that with shorter 
treatment durations, (spontaneous) viral clearance without treatment is highly unlikely. We 
therefore assumed a 100% failure rate to occur for all comparisons against no treatment, 
regardless of genotype. 

Control event rate assumption for peg-IFN/ribavirin: More recent historical SVR control event 
rates (treatment naïve, genotype 1) in the peg-IFN/ribavirin arms have ranged in the high 30%’s 
(boceprevir trials, n=467) and between 41% to 46% (telaprevir trials, n=518).39 This likely led 
the FDA to adopt a best case 60% SVR rate in the peg-INF controls for its SOF modeling,40 as it 
appeared that based on those historical estimates, higher SVR rates were unlikely to occur. 
However, the observed peg-INF/ribavirin control event rates in the SMV trials were somewhat 
higher (50%) than what had been previously observed and one trial recorded a SVR rate of 
64.9% (50/70), likely due to chance due to its smaller sample size. We therefore decided to use 
a control group risk of 65% SVR rate (35% failure of SVR), which is one of the highest SVR rates 
observed to date with peg-IFN/ribavirin alone.  

Since treatment duration with SOF varied based on differences in HCV genotype, treatment 
experience and presence or absence of cirrhosis, studies were pooled based on a priori defined 
PICO questions as detailed in the results section below and mirrored the regulatory approved 
treatment durations and treatment combinations. For single-arm studies, log proportions and 
standard errors were calculated for dichotomous outcomes, i.e. failure of SVR. The generic 
fixed inverse variance method was used to calculate pooled proportion of failure of SVR from 
the SOF studies as this method assigns appropriate weights to the single-arm studies included 
in the meta-analysis with larger trials given more weight than smaller trials. Pooling of 
proportions were performed with the software package OpenMetaAnalyst.41  

For SMV, the Mantel-Haenszel random effects model was used to calculate relative risks (RR) of 
failure to achieve SVR and adverse events leading to treatment discontinuation. Heterogeneity 
between studies was assessed by the I2 statistic as defined by the Cochrane Handbook for 
Systematic Reviews of Interventions with an I2 >50% considered to be substantial.42 Review 
Manager 5.2 was used to generate forest plots for primary and secondary outcomes related to 
SMV.35  
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Role of funding source 

This research was funded by the WHO as part of several systematic reviews examining effects 
of testing and treating HCV infection.43 The investigators worked with WHO staff to develop the 
scope of the systematic review and clinical questions.  

 

RESULTS 

The search strategy generated 220 citations with 18 relevant studies of which 12 citations were 
eligible for inclusion: 7 SOF publications (providing data on 9 trials, of which 5 were published in 
full and the remaining were conference proceedings) and 5 SMV trials. 

 

Sofosbuvir: 

The methodological quality of studies on SOF are detailed in Table 2. Randomized trials were 
judged to be of low risk of bias according to the Cochrane risk of bias tool; single arm cohorts 
were judged to be of low risk of bias after applying the Newcastle-Ottawa instrument.  

 

Description of included studies  

Jacobson et al.22 conducted 2 randomized, international multicenter Phase 3 IFN-free trials of 
SOF in HCV GT2 and GT3 patients. The POSITRON trial was a placebo controlled RCT in 
interferon intolerant patients. Two hundred and eighty patients were randomized (3:1) to 
receive either 12 weeks of SOF/RBV or placebo. Out of 209 patients randomized to the SOF 
arm, 2 patients did not receive the drug. Patients were mostly white (92%), were about 52 
years of age on average and 16% had cirrhosis. Patients were equally distributed across both 
genotypes. The FUSION trial was an active control group RCT in previously IFN treated patients 
who were either non-responders or relapsers. Two hundred and two patients were randomized 
(1:1) to receive SOF/RBV for either 12 weeks or 16 weeks. In the 16-week group, 1 patient who 
was randomized did not receive treatment. Patients in this trial had a mean age of 54 years, 
were mostly white (87%) and 34% had cirrhosis. About two-thirds of the patients included in 
FUSION were relapsers and the rest were non-responders. The trial included a higher 
proportion of GT3 patients (63%) as compared to GT2 patients (34%).  

Lawitz et al.23 conducted two Phase 3 trials of SOF in treatment naïve patients with HCV GT1, 2, 
3 and 4 infection. The NEUTRINO study was an open-label, single-group study conducted in the 
United States. Three hundred and twenty-seven patients were enrolled in the study and 
received SOF/RBV/peg-IFN for 12 weeks. Patients had a mean age of 52 years, were mostly 
white (~80%) and a majority were GT1 patients (89%); 17% had cirrhosis. The FISSION study was 
an international, multicenter, open-label RCT in treatment naïve GT2 and GT3 patients. Five 
hundred and twenty-seven patients were randomized to receive either SOF/RBV for 12 weeks 
or 24 weeks of 800 mg RBV/peg-IFN. Out of 263 patients randomized to the 12-week 
intervention arm, 7 did not receive treatment while 21 out of 264 patients randomized to the 
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24-week intervention arm did not receive treatment. Patients in FISSION had an average age of 
48 years, were mostly white (87%) and 20% had cirrhosis. About two-thirds of patients included 
had GT3 infection. 

Osinusi et al.25 conducted a 2-part study involving 60 treatment naïve patients with GT1 
patients in the United States. The first part was a proof-of-concept study involving 10 patients 
treated with SOF/RBV. The second part of the study involved 50 patients randomized (1:1) to 
either SOF/RBV or SOF/low-dose (600 mg) RBV for 24 weeks. Patients were mostly black (82%) 
with a mean age of 54 years; 26% had cirrhosis.  

Zeuzem et al.28 conducted a Phase 3 study (VALENCE) in Europe involving both treatment naïve 
and treatment experienced GT2 and GT3 patients. 73 GT2 patients received SOF/RBV for 12 
weeks while 250 GT3 patients received SOF/RBV for 24 weeks. Participants were mostly white 
(~92%) between the ages of 48 – 58 years and ~20% had cirrhosis. Among the treatment 
experienced, nearly two-thirds were prior relapsers. Out of 250 GT3 patients assigned to the 
24-week group, 4 patients discontinued treatment.  

Lawitz et al.24 conducted a 12-week, non-randomized study (LONESTAR-2) in treatment 
experienced patients with GT2 and GT3 infection. Forty-seven patients (GT2:GT3 = 1:1) who 
had failed prior therapy with peg-IFN/RBV were given a triple regimen of SOF/peg-IFN/RBV. 
Patients had a mean age of 56 years and were mostly white (96%). About half the patients had 
cirrhosis. One patient was lost to follow-up and 1 patient was non-compliant with therapy.   

Sulkowski et al.27 conducted a Phase 3, open label study (PHOTON-1) involving patients with 
HCV/HIV co-infection in treatment naïve GT1-3 patients in Australia and Europe. One hundred 
and fourteen GT1 patients received SOF/RBV for 24 weeks, whereas 68 GT2/3 patients received 
the same treatment for 12 weeks. Participants had stable HIV co-infection, were mostly black or 
Hispanic. About 20% of the included patients had compensated cirrhosis and ~90% were on ART 
(patients not on ART were to have a CD4 count of >500 cells/mm3). 

Rodriguez-Torres et al.26 conducted a non-randomized study (P7977-1910) in HIV co-infected 
patients in Puerto Rico. Twenty-three GT1-4 treatment naïve, non-cirrhotic patients with stable 
HIV co-infection received SOF/RBV/peg-IFN for 12 weeks. Patients had a mean age of 47 years, 
approximately 35% were African Americans and a majority were GT1 (65%) patients. Patients 
with cirrhosis were excluded from the study. One patient withdrew from the study.  

Description of the excluded studies:  

RCTs by Lawitz et al.44 and Kowdley et al.45 were excluded as neither of these studies met our 
inclusion criteria of using a fixed-dose regimen of SOF in combination with peg-IFN/RBV, 
instead using a response guided treatment regimen of peg-IFN/RBV following initial treatment 
with SOF.  

 

Effect of the intervention:  

PICO 1a: SOF/peg-INF/RBV for 12 weeks vs. peg-INF/RBV in treatment naïve HCV GT1 
infection  
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Pooled estimate of 2 studies with 350 patients (including HIV co-infected patients) resulted in 
an absolute SVR failure rate of 0.097 (95% CI: 0.07, 0.13); Figure 1. There was little or no 
heterogeneity present (I2 = 0%). Assuming a 35% baseline risk of failure with dual therapy, this 
would result in a RR of 0.28 (95% CI: 0.2, 0.38).  Starting at a low confidence (low quality) in the 
estimate of comparative effects (compared to peg-IFN/RBV) due to the observational nature of 
the included studies (single arm trials), applying the rating-up GRADE criteria of both large 
effect estimate (RRR >50%) and observed cumulative dose-response gradient (e.g., in GT 3 
patients), the final confidence in the effect on viral cure of SOF is high.   

GRADE quality of evidence: high 

 

Figure 1: Pooled SVR failure rate of SOF/peg-INF/RBV for 12 weeks in treatment naïve HCV GT1 
infection (HCV mono and co-infection with HIV) 

 

PICO 1b: SOF/peg-INF/RBV for 12 weeks vs. peg-INF/RBV in treatment experienced HCV GT1 
infection  

No direct data was identified when examining treatment experienced patients. Based on 
indirect evidence (from treatment naïve populations: PICO 1a) and prior DAA data, it is likely 
that 

a) the response rate in relapsed patients will be at least as high or higher than in naïve 
patients. 

b) the response rate for partial-, non-, or null-responders is going to be lower than naïve 
patients, but that the relative risk reduction remains constant across those baseline risks 
as the control group response rate will be at least proportionally lower as well. 
However, large uncertainty remains around the anticipated absolute effect on how this 
would compare to alternate DAA’s, such as simeprevir (SVR null-responder: 9/17 (53%)). 
Direct comparisons between second generation DAAs should therefore not be implied 
from this review. 

c) even if the relative effects of SOF compared to peg-IFN is smaller than in treatment 
naïve patients (RR: 0.28), it is likely that the RRR would still exceed 50% (large effects) 
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and that dose-response-effects would still apply. This would increase our confidence in 
the estimate of effect from low to high quality. 

GRADE quality of evidence: high (not rated down for indirectness). 

 

PICO 2a: SOF/RBV for 24 weeks vs. no treatment in treatment naïve, interferon-intolerant 
HCV GT1 infection  

Meta-analysis of 2 studies with 139 subjects (including HIV co-infected patients) resulted in an 
absolute SVR failure rate of 0.25 (95% CI: 0.19, 0.34); Figure 2. There was no heterogeneity 
detected (I2 = 0%). Assuming a placebo failure rate of 100%, this would result in an estimated 
RR of 0.25 (95% CI: 0.19, 0.34). The confidence in the comparative estimate (against no 
treatment) was rated up from low (observational data, single arm trials, historical control 
group) to high due to very large effect (RRR >80%). 

GRADE quality of evidence: high 

 

Figure 2: Pooled SVR failure rate of SOF/RBV for 24 weeks in treatment naïve, IFN intolerant 
HCV GT1 infection (HCV mono and co-infection with HIV) 

 

PICO 2b: SOF/RBV for 24 weeks vs. no treatment in treatment experienced, interferon-
intolerant HCV GT1 infection  

No direct data was identified examining SOF/RBV treatment for 24 weeks among treatment 
experienced patients. Based on indirect evidence (from treatment naïve populations), it is likely 
that  

a) the response rate in relapsed patients will be at least as high or higher than in naïve 
patients 

b) the response rate for partial- , non-, or null-responders is going to be lower than 
naïve patients, but because of the universal failure to achieve viral cure in the control 
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group (100% failures), very large effect estimates remain (RRR >80%). However, large 
uncertainty remains around the anticipated absolute effect. 

GRADE quality of evidence: high (not rated down for indirectness). 

 

PICO 3: SOF/RBV for 12 weeks vs. no treatment in treatment naive/treatment experienced 
HCV GT2 infection 

Meta-analysis of 5 studies with 314 patients (including HIV co-infected patients) showed an 
absolute SVR failure rate of 0.08 (95% CI: 0.06, 0.12); Figure 3. There was little or no 
heterogeneity between studies (I2 = 13%). Assuming a 100% failure rate with no treatment, this 
would result in a RR of 0.082 (95% CI: 0.06, 0.12). The confidence in the comparative estimate 
(against no treatment) was rated up from low (based on observational data, single arm trials, 
historical control group) to high due to very large effect (RRR >80%). 

GRADE quality of evidence: high.  

 

Figure 3: Pooled SVR failure rate of SOF/RBV for 12 weeks in treatment naive/treatment 
experienced HCV GT2 infection (HCV mono and co-infection with HIV) 

 

PICO 4a: SOF/RBV for 12 weeks vs. no treatment in treatment naive/treatment experienced 
HCV GT3 infection 

Pooled results from 4 trials consisting of 387 patients (including HIV co-infected patients) 
resulted in an absolute SVR failure rate of 0.51 (95% CI: 0.46, 0.57); Figure 4. There was 
substantial statistical heterogeneity observed (I2 = 89%). The high degree of inconsistency was 
due to an unexpected drop in SVR rates particularly in patients who were treatment 
experienced compared to those who were treatment naïve.44 Assuming a 100% failure rate with 
no treatment, these rates would result in a RR of 0.51 (95% CI: 0.46, 0.57). The confidence in 
the comparative estimate (against no treatment) was rated up from low (observational data, 
single arm trials, historical control group) to high due to large effect (RRR 50%) and dose-
response-gradient. The reviewers decided not to rate down the quality of evidence for 
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heterogeneity as it was identified to be due to prior treatment status. However, due to the 
suboptimal treatment effect particularly in the treatment experienced patients with a 12 week 
regimen, treatment with a 24 week-based SOF regimen in GT3 appears more effective (see 
PICO 4b). 

GRADE quality of evidence: high.  

 

Figure 4: Pooled SVR failure rate of SOF/RBV for 12 weeks in treatment naive/treatment 
experienced HCV GT3 infection (HCV mono and co-infection with HIV) 

 

PICO 4b: SOF/RBV for 24 weeks vs. no treatment in treatment naive/treatment experienced 
HCV GT3 infection 

Meta-analysis of 2 trials including 262 patients (including HIV co-infected patients) provided a 
relative risk of 0.15 (95% CI: 0.11, 0.20) for failure to achieve SVR24 (Figure 5). There was little 
or no heterogeneity present (I2 = 0%). Assuming a 100% failure rate with no treatment, these 
rates would result in a RR of 0.15 (95% CI: 0.11, 0.2). The confidence in the comparative 
estimate (against no treatment) was rated up from low (observational data, single arm trials, 
historical control group) to high due to very large effect (RRR >80%). 

GRADE quality of evidence: high. 
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Figure 5: Pooled SVR failure rate of SOF/RBV for 24 weeks in treatment naive/treatment 
experienced HCV GT3 infection (HCV mono and co-infection with HIV) 

 

 

 

Figure 6: Cumulative dose-response gradient of SOF/RBV for 12, 16, and 24 weeks in treatment 
experienced HCV GT3 infection (12 vs. 16 weeks: direct comparison from RCT; 16 weeks vs. 24 
weeks: indirect comparison). 

 

PICO 4c: SOF/RBV/peg-IFN for 12 weeks vs. SOF/RBV for 24 weeks in treatment experienced 
HCV GT3 infection (patients with cirrhosis only) 

An indirect comparisons of two trials including 57 patients (not including HIV co-infected 
patients) showed a reduced failure rate when peg-IFN was added to SOF/RBV: 16.7% failures vs. 
40% failures with SOF/RBV alone (estimated RR: 0.42). Due to the indirect nature of the 
comparison, very small sample size, and imprecision, the confidence in this effect estimate is 
very low.  

GRADE quality of evidence: very low 

 

Subgroup effects: 

Efficacy was somewhat reduced in patients with cirrhosis, with SVR failure rates of up to 20% in 
GT1 patients. In patients with genotype 2 or 3, and particularly in those who had not responded 
to prior treatments, failure of SVR can be as high as 40%, although those subgroups were small 
and effect estimates are imprecise. Post-hoc analysis on the other hand, showed no differences 
between patients with genotype subtypes 1a or 1b, nor did African Americans respond less 
favorably.  
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Adverse events leading to treatment discontinuation  

Most trials evaluating SOF were single-arm studies or lacked a placebo control arm. In addition, 
the use of interferon in either one or both arms of the studies makes it difficult to compare the 
SOF attributed adverse events, as >95% of patients on interferon will exhibit some adverse 
effect during treatment. Similarly, adverse events may also result with the co-administration of 
RBV. Despite those challenges, the most reliable evidence was therefore deemed to come from 
the only placebo controlled and fully blinded study, POSITRON.22 The incidence of anemia in 
this study was likely related to the co-administration of ribavirin than to SOF, however. Only 
two (1%) patients on SOF/RBV who had a severe drop in hemoglobin to less than 8.5 g/dl. 

Treatment discontinuations in the placebo group due to adverse events were slightly higher: 3 
discontinuations out of 71 patients randomized to placebo compared to 5 treatment 
discontinuations out of 207 in patients randomized to the SOF group (RR 0.57;95% CI: 0.14, 
2.33). The reviewers judge this to be the best estimate of SOF-attributed comparative adverse 
event related treatment discontinuation and therefore applied this estimate to all comparisons 
whether or not interferon was co-administered in both groups.  

GRADE quality of evidence: moderate 

Serious adverse events were observed in 2 (3%) of patients in the placebo group compared to 
11 (5%) in the SOF group. More common adverse events included (placebo vs. SOF): 

 Placebo Sofosbuvir/ribavirin Comment 

Fatigue 24% 44%  

Nausea 18% 22%  

Headache 20% 21%  

Insomnia 4% 19%  

Pruritus 8% 11%  

Anemia 0% 27% Typically seen with ribavirin 

Irritability 1% 9%  

Cough 3% 5%  

Diarrhea 6% 9%  

Rash 8% 9%  

Arthralgia 1% 8%  

 

Simeprevir 

The methodological quality of studies on SMV are detailed in Table 3. All studies were judged to 
be of low risk of bias.  
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Description of included studies 

Fried et al.30 conducted an international, multi-center Phase 2b double-blind randomized RCT 
(PILLAR) for treatment naïve GT1 patients. Patients were randomized to one of five different 
groups in equal proportions (80 to each group) with 2 groups receiving 75 mg SMV/RBV/peg-
IFN for 12 or 24 weeks and two other groups receiving 150 mg SMV/RBV/peg-IFN for 12 or 24 
weeks. The last group received placebo/RBV/peg-IFN for 48 weeks. Randomization was 
stratified by genotype subtype and by race. For this meta-analysis, only the 12-week SMV group 
and placebo group were utilized. Q80K polymorphism was present in 10.4% of patients at 
baseline. Three patients were lost to follow-up in the 12-week 150mg SMV group while two 
patients were lost to follow-up in the placebo group. 

Jacobson et al.31 conducted a Phase 3 double-blind placebo controlled RCT (QUEST-I) with 
treatment naïve GT1 patients randomized to either 12-weeks of 150 mg SMV/RBV/peg-IFN 
(RGT) or placebo/RBV/peg-IFN. Stratification was done on the basis of HCV GT1 subtype. Two 
hundred and sixty-four patients were randomized to receive SMV and 130 patients to placebo. 
About 5% in the treatment group and 10% in the placebo group had cirrhosis. Five percent of 
patients in the intervention group and 3% in the placebo group discontinued therapy. A fifth 
(23%) of the patients randomized to receive SMV had the Q80K polymorphism.  

Manns et al.32 conducted a Phase 3 double-blind placebo controlled RCT (QUEST-II) with 
treatment naïve GT1 patients randomized to either 12-weeks of 150 mg SMV/RBV/peg-IFN 
(RGT) or placebo/RBV/peg-IFN. Patients were randomized in a 2:1 ratio and 257 patients 
received the active drug while 134 patients received placebo. Patients were stratified by HCV 
GT1 subtype. Approximately 9% of patients had cirrhosis.  

Zeuzem et al.33 conducted a Phase 2b, randomized, double-blind, placebo controlled RCT 
(ASPIRE) in treatment experienced GT1 patients. Patients were stratified on the basis on GT1 
subtype and prior response to dual therapy with RBV/peg-IFN. Four hundred and sixty-three 
patients were randomized in equal proportions to one of 7 groups. Three groups received 150 
mg SMV while the other three received 100 mg SMV for 12, 24, or 48 weeks. The 7th group 
received placebo/RBV/peg-IFN. For the purpose of this systematic review and meta-analysis, 
we only used the group that received 150 mg SMV for 12 weeks and the placebo group for 
comparison. Four people were lost to follow-up (two in the SMV group and two in the placebo 
group). About 17% had cirrhosis. Of the patients, 40% were relapsers, 25% were null 
responders while the rest were partial responders.  

Forns et al.29 conducted a Phase 3 double-blind, placebo-controlled RCT (PROMISE) with 
treatment experienced HCV GT1 patients. Patients were assigned randomly (2:1) to either 12 
weeks of SOF/RBV or placebo/RBV. About 15% had cirrhosis. Five patients in the SMV arm and 
3 in the placebo arm were lost to follow-up. Thirty GT1a patients out of 260 in the SMV arm and 
6 out of 20 GT1a patients in the placebo arm were found to have the Q80K mutation. 

 

Effect of the intervention: 

Failure of SVR12 in treatment naïve GT1 patients  
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Meta-analysis of 3 trials including 939 patients showed that failure of SVR was significantly 
lower in patients randomized to SMV when compared to those on placebo (RR =  0.41; 95% CI: 
0.34, 0.50). There was no heterogeneity present (I2 = 0). 

GRADE quality of evidence: High 

 

Failure of SVR12 in treatment experienced GT1 patients 

Meta-analysis of 2 trials with 525 patients showed that significantly fewer patients randomized 
to SMV failed to achieve SVR when compared to those in the placebo group (RR = 0.37; 95% CI: 
0.33, 0.45). Heterogeneity present was not considered important (I2 = 27%). 

GRADE quality of evidence: High 

 

Across both naïve and treatment experienced patients, SMV achieved a robust reduction of SVR 
failures (RR 0.39, 95% CI: 0.33, 0.45) with little or no inconsistency (I2 = 0%). The effect size was 
large (Figure 7). 

 

 

 

Figure 7: Failure rate of SMV/peg-INF/RBV compared with peg-INF/RBV in treatment naïve and 
treatment experienced HCV GT1 infection  

 

Adverse events leading to treatment discontinuation: 

Meta-analysis of 5 trials including 1464 patients showed that SMV related treatment 
discontinuations did not differ significantly from placebo (RR = 1.13; 95% CI: 0.50, 2.55); Figure 
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8. There were no differences in discontinuations between the SMV and placebo groups either in 
the treatment naïve (RR = 1; 95% CI: 0.36, 2.83) or the treatment experienced groups (RR = 
1.37; 95% CI: 0.36, 5.15). There was no heterogeneity detected (I2 = 0%). Due to few events and 
wide confidence interval, the confidence in the estimate was rated down from high to 
moderate.  

GRADE quality of evidence: moderate 

 

 

 

Figure 8: Simeprevir-related adverse events leading to treatment discontinuation  

 

Subgroup effects: 

Patients with cirrhosis showed lower response rates than those without (SVR failure rates up to 
42%). The sample size was small and therefore imprecise. In addition, post-hoc analysis of the 
presence of genotype 1a infection with the NS3 Q80K polymorphism at baseline showed an 
increased SVR failure rate of up to 42% which may eliminate the favorable response rate of 
adding SMV to standard treatment.   

 

DISCUSSION  

This systematic review and meta-analysis shows that both SOF (GT1-4) and SMV (GT1 without 
Q80K baseline polymorphism) are effective for the treatment of HCV infection resulting in few 
adverse events leading to treatment discontinuation. There remains uncertainty about the 
extent of effectiveness in patients with cirrhosis and no studies that directly compared SOF to 
SMV based regimens were identified. In addition, as the review was carried out a few weeks 
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following the FDA approval of these 2nd generation DAAs, detailed pricing information was 
unavailable.  

Deriving a common antiviral effect estimate for SOF when the body of evidence is mainly from 
single-arm studies creates additional challenges. Those challenges included: 

 The need to pool rates across studies instead of effect estimates 

 The uncertainty when using historical controls to derive effect estimates 

 The challenge to rate the certainty in the body of evidence for viral cure (quality of 
evidence) 

However, despite aforementioned challenges, a number of factors made it possible to arrive at 
a robust effect estimate and to rate the body of evidence appropriately: 

 As treatment length has continued to shorten, it appears from one single randomized 
controlled trial that the placebo response rate is indeed zero when given for 12 weeks. 
Although the sample size was less than 100 in the control arm, we believe it is justifiable 
to conclude that spontaneous viral clearance in patients who have true chronic hepatitis 
C infections is highly unlikely in the short term. It therefore appeared appropriate to 
assume a 100% failure rate for no treatment within an observation period of 12 weeks. 

 For the comparison against usual care (peg-interferon and ribavirin), we selected an 
unusually high SVR rate of 65% (failure rate of 35%) to illustrate a conservative, worst 
case scenario when making historical comparison of SOF to usual care. As a large effect 
size was still retained, this increased our confidence in the effect estimate.  

 In addition, the unequivocal presence of a cumulative dose-response-gradient for SOF 
(as seen, for example, in genotype 3 patients who were treated with 12, 16, and 24 
weeks of SOF-based therapy), also strengthens the certainty in the evidence (Figure 6). 
Starting at a low confidence in the evidence from single-arm studies, we conclude that 
due to size of effect (from large to very large) and dose-response-gradient, there is 
indeed a high certainty in the evidence that compared to no treatment or peg-
interferon/ribavirin therapy, adding SOF results in significantly higher rates of viral cure. 

 Similarly, because of the availability of one properly blinded RCT without interferon and 
versus placebo, appropriate comparative estimates of adverse events compared to 
placebo was available for SOF. Although rates for some of the adverse effects were 
higher in the SOF group (e.g., fatigue, insomnia, arthralgia), they were either mild or due 
to ribavirin (anemia). Adverse effects leading to treatment discontinuation were no 
different to placebo leading to the conclusion that there is moderate confidence (rated 
down due to imprecision), that SOF does not significantly contribute to premature 
discontinuation of therapy. This is important as 1st generation direct acting agents (such 
as telaprevir) were associated with much lower real life response rates compared to trial 
data, as premature discontinuations were high (up to 40%).46 

Limitations of the review: We could not formally assess for publication bias because of the 
small number of studies and exclusion of non-English-language trials. While it appears unlikely 
that other studies were conducted but not published or published in languages other than 
English, although this cannot be ruled out entirely. We incorporated all evidence that informed 
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the clinical question which led us to include trials that were not fully published at the time of 
conducting the review raising the possibility that some minor changes in the data or additional 
evidence may be observed with fully published data. When peg-interferon/ribavirin was given 
in both arms, we did not include separate adverse effect information as those related to peg-
IFN/RBV would be equally distributed. For detailed information on adverse events arising from 
peg-IFN in combination with RBV, please refer to other technical reviews published in 
conjunction with the WHO hepatitis C guideline. In addition, as cost data at time of review was 
limited to the USA, we were unable to perform and include resource use analysis as the 
acquisition cost of those medication are likely to be significant.  

In summary, adding sofosbuvir to peg-IFN/RBV or ribavirin alone now provides a substantially 
higher chance of viral clearance for HCV mono-infected and HIV co-infected patients alike. 
Particularly in the latter group, the absence of significant drug-drug interactions which were 
commonly seen with 1st generation DAAs allows for a much broader use than previously 
possible.  

Simeprevir, particularly when used in infections without a baseline Q80K polymorphism, also 
substantially increased the chance of viral cure compared to prior standard of care. However, 
drug-drug interactions may be encountered and requires careful review of any other 
medication given concomitantly.  
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PubMed search strategy for sofosbuvir and simeprevir 

(((("simeprevir"[Supplementary Concept] OR "simeprevir"[All Fields] OR "tmc435"[All Fields]) 
OR ("simeprevir"[Supplementary Concept] OR "simeprevir"[All Fields])) AND ("peginterferon 
alfa-2a"[Supplementary Concept] AND ("ribavirin"[MeSH Terms] OR "ribavirin"[All Fields]))) OR 
((("simeprevir"[Supplementary Concept] OR "simeprevir"[All Fields] OR "tmc435"[All Fields]) OR 
("simeprevir"[Supplementary Concept] OR "simeprevir"[All Fields])) AND ("ribavirin"[MeSH 
Terms] OR "ribavirin"[All Fields]))) OR (("simeprevir"[Supplementary Concept] OR 
"simeprevir"[All Fields] OR "tmc435"[All Fields]) OR ("simeprevir"[Supplementary Concept] OR 
"simeprevir"[All Fields])) 

 

((((("2-((5-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-fluoro-3-hydroxy-4-
methyltetrahydrofuran-2-ylmethoxy)phenoxyphosphorylamino)propionic acid isopropyl ester" 
[Supplementary Concept]) OR GS-7977) OR sofosbuvir)) OR ((((("2-((5-(2,4-dioxo-3,4-dihydro-
2H-pyrimidin-1-yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
ylmethoxy)phenoxyphosphorylamino)propionic acid isopropyl ester" [Supplementary Concept]) 
OR GS-7977) OR sofosbuvir)) AND (("peginterferon alfa-2a" [Supplementary Concept]) AND 
("ribavirin"[MeSH Terms] OR "ribavirin"[All Fields])))) OR ((((("2-((5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
ylmethoxy)phenoxyphosphorylamino)propionic acid isopropyl ester" [Supplementary Concept]) 
OR GS-7977) OR sofosbuvir)) AND ("ribavirin"[MeSH Terms] OR "ribavirin"[All Fields])) 
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Study / year Country Patient population 
characteristics 

Treatment Allocation 
concealment 

Blinding  Outcome not 
obtained of patients 
enrolled (or 
randomized) 

Analysis 

Lawitz 2013 
(NEUTRINO)

23
 

USA Treatment naïve 
G1/4/5/6  
Age: 19-70 years 
Race: 79% white  
F4: 17%  

Treatment: 
SOF+RBV+INF for 12 
weeks 

NA  
(single arm 
trial) 

NA Treatment:  2/327 
 

ITT: NA  

Lawitz 2013 
(FISSION)

23
 

USA, 
Europe, 
Australia, 
New 
Zealand 

Treatment naïve 
GT2/3   
Age: 19-77 years 
Race: 87% white 
F4: 20-21%  

Treatment: SOF+RBV 
for 12 weeks 
Control: RBV (1600 mg 
QD in divided doses) + 
INF for 24 weeks 

? Patients: N 
Caregivers: N 
Data collectors: N 
Adjudicators: N 
Data analysts: N 

Treatment: 16/263 
Control: 32/264 

ITT: No  

Osinusi 2013
25

 USA Treatment naïve 
GT1  
Age: 48-59 years 
Race: 8-20% white 
F3/F4: 24-28%  

Treatment: SOF+RBV 
for 24 weeks 
 Control: SOF+low 
dose RBV (600 mg QD) 
for 24 weeks 

? Patients: ? 
Caregivers: ? 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 1/25 
Control: 3/25 

ITT: Yes 

Jacobson 2013 
(POSITRON)

22
 

USA, 
Canada, 
Australia, 
New 
Zealand 

INF treatment 
intolerable (or 
patients refusing 
INF) GT2/3 
Age: 21-75 years 
Race: 91-93% white 
F4: 15-18% 

Treatment: SOF+RBV 
for 12 weeks 
 
Control: Placebo for 
12 weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ?  

Treatment: 4/209 
Control: 0/71 

ITT: No 
(modified 
ITT) 

Jacobson 2013 
(FUSION)

22
  

USA, 
Canada, 
New 
Zealand 

Previously INF 
treated GT2/3 
patients [non-
responders (~25%), 
relapsers (~75%)] 
Age: 24-70 years 
Race: 85-88% white 
F4: 33-35%  

Treatment: SOF+RBV 
for 12 weeks followed 
by 4 weeks of 
matching placebo 
 
Control: SOF+low dose 
RBV (600 mg QD) for 
16 weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 0/103 
Control: 1/99 

ITT: No 
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Sulkowski 2013 
(PHOTON-1)

27
 

USA, 
Puerto 
Rico 

HIV positive: Yes 
Treatment naïve 
GT1/2/3  
Age:  
Race: 67-95% white 
F4: 4-14%  

Treatment: SOF+RBV 
for 24 weeks for GT1; 
SOF+RBV for 12 weeks 
for GT 2/3  
 

No  Patients: N 
Caregivers: N 
Data collectors: N 
Adjudicators: N 
Data analysts: N 

Treatment: 7/114 
(GT1), 2/26 (GT2), 
1/42 (GT3) 
 

ITT: Yes 

Rodriguez-
Torres 2013 
(P7977-1910)

26
 

Puerto 
Rico 

HIV positive: Yes 
Treatment naïve 
GT1/2/3/4  
Age: 29-59 years 
Race: 65% white 
F4: 0% 

Treatment: 
SOF+RBV+INF for 12 
weeks 

No NA Treatment: 0/23 
 

ITT: Yes 

Zeuzem 2013 
(VALENCE)

28
 

Europe Treatment naïve or 
treatment 
experienced GT2/3 
Age: 19-74 years 
Race: 95% white; 
F4: 14-23%  

Treatment: GT2 
patients received 
SOF+RBV for 12 weeks 
 
GT3 patients received 
SOF+RBV for 24 weeks 

No  Patients: N 
Caregivers: N 
Data collectors: N 
Adjudicators: N 
Data analysts: N 

Treatment: 5/323 
 

ITT: Yes 

Lawitz 2013 
(LONESTAR-2)

24
 

USA Treatment 
experienced (prior 
treatment failure 
with PEG+RBV) 
GT2/3  
Age: 39-72 years 
Race: 96% white 
F4: 55%  

Treatment: SOF+RBV 
+INF for 12 weeks 
 
 

No (single arm 
trial) 

Patients: N 
Caregivers: N 
Data collectors: N 
Adjudicators: N 
Data analysts: N 

Treatment: 1/47 
 

ITT: Yes 

SOF: Sofosbuvir 400 mg QD  
RBV: Weight based Ribavarin (1000/1200 mg QD) 
INF: Pegylated interferon alfa-2a 180ug subcutaneous once weekly 
F1-F4: fibrosis stage 1 through 4 

 Y: Yes 
N: No 
?: Unclear 
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Table 3: Population characteristics and methodological quality for simeprevir studies  

Study / year Country Patient population 
characteristics 

Treatment Allocation 
concealment 

Blinding  Outcome not 
obtained of patients 
randomized 

Analysis 

Fried 2013 
(PILLAR)

30
 

North 
America, 
Europe, 
Asia-
Pacific 

Treatment naïve  
Age: 18-69 years 
Race: 96% white; 
F4: 0% 

Treatment: 
SMV+RBV+INF for 12 
weeks  
 
Control: Placebo+ 
RBV+peg-INF  

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment:  6/77 
Control: 4/77 
 

ITT: Yes  

Zeuzem 2013 
(ASPIRE)

33
 

North 
America, 
Europe, 
Australia, 
New 
Zealand 

Treatment 
experienced 
Age: 20-66 years 
Race: ~94% white 
F4: 16-20%  

Treatment: 
SMV+RBV+INF for 12 
weeks followed by 36 
weeks of RBV+INF 
 
Control: 
Placebo+RBV+peg-INF 
for 48 weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 4/66 
Control: 7/66 

ITT: Yes  

Jacobson 
2013  
(QUEST-1)

31
 

? Treatment naïve  
Age: 48 (median) 
Race: 87-94% white 
F4: ~13%  

Treatment: 
SMV+RBV+INF for 12 
weeks (RGT upto 48 
weeks) 
  
Control: 
Placebo+RBV+peg-INF 
for 48 weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 0/264 
Control: 0/130 

ITT: Yes 
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Manns 2013 
(QUEST-2)

32
 

? Treatment naïve   
Age: ~47 years 
Race: ~93% white 
F4: 7-12%  

Treatment: 
SMV+RBV+peg-INF for 
12 weeks (RGT upto 48 
weeks) 
 
Control: 
Placebo+RBV+peg-IFN 
for 48 weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 0/257 
Control: 0/134 

ITT: Yes 

Forns 2013 
(PROMISE)

29
 

North 
America, 
Europe, 
Asia-
Pacific 
regions 

Treatment relapsers 
(after IFN therapy) 
Age: 52 years 
Race: 93-97% white; 
F4: ~16%  

SMV+RBV+IFN for 12 
weeks (RGT upto 48 
weeks) 
 
Control: 
Placebo+RBV+IFN for 48 
weeks 

Likely because 
blinded 

Patients: Y 
Caregivers: Y 
Data collectors: ? 
Adjudicators: ? 
Data analysts: ? 

Treatment: 0/260 
Control: 0/133 

ITT: Yes 

SMV: Simeprevir 150 mg QD  
RBV: Weight based Ribavarin (1000/1200 mg QD) 
IFN: Pegylated interferon alfa-2a 180ug subcutaneous once weekly 
F1-F4: fibrosis stage 1 through 4 
 

 Y: Yes 
N: No 
?: unclear 
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GRADE evidence profiles 

Question 1a: Should sofosbuvir/peg-IFN/ribavirin for 12 weeks vs. peg-IFN/ribavirin be used for HCV GT1 (treatment naïve)? 

Quality assessment Summary of Findings 

Participants 
(studies) 
Follow up  

Risk of bias Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality of 
evidence 

Study event rates (%) Relative 
effect 
(95% CI) 

Anticipated absolute effects 

With Peg-
IFN/ribavirin 

With 
Sofosbuvir/ 
peg-IFN/ 
ribavirin 

Risk with Peg-
IFN/ribavirin 

Risk difference with 
Sofosbuvir/ peg-
IFN/ribavirin (95% CI) 

failure of SVR (CRITICAL OUTCOME) 

616 
(2 single arm 
cohorts without 
controls) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

undetected ⊕⊕⊕⊕ 

HIGH3,4 
due to large effect, 
dose-response 
gradient 

35%1 34/350  
(9.7% 
pooled;  
CI 7.1%, 
13.4%) 

RR 0.28 
(0.2 to 
0.38)2 

350 SVR 
failures per 
10001 

253 fewer SVR failures 
per 1000 
(from 216 to 279 
fewer) 

Sofosbuvir adverse event related treatment discontinuation (IMPORTANT OUTCOME) 

278 
(1  placebo 
controlled 
RCT7) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

serious5 undetected ⊕⊕⊕⊝ 

MODERATE5 
due to imprecision 

  RR 0.57 7 
(0.14 to 
2.33) 

42 per 10006 18 fewer per 1000 
(from 36 fewer to 56 
more) 

1 Assumed SVR failure rate based on historical controls. A 65% SVR rate, although observed in clinical trials, is likely to be on the highest end plausible.  
2 Estimated RR and CI based on assumed SVR failure rate of historical controls 
3 Large effect (likely more than 70% RRR of SVR failure) based on assumption of a historically observed SVR rate of max. 65% for peg-IFN/RB in treatment naïve patients (historical controls) 
4 Pronounced cumulative dose-response gradient observed in difficult to treat genotypes, such as genotype 3. 
5 Wide confidence interval, few events.  
6 1.5% - 9% discontinuation rate observed in the studies included 
7 No comparative data available - single arm studies. RR estimate for SOF related treatment discontinuation taken from POSITRON study (SOF/RBV vs. placebo)  

Note: The comparison includes peg-interferon and ribavirin in both groups. For adverse effects related to peg-interferon and ribavirin, please see systematic reviews related to the same WHO clinical 

practice guideline that this review was intended to inform. Those adverse events are expected to occur equally frequently in both groups.  
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Question 2a: Should sofosbuvir/ribavirin for 24 weeks vs. no treatment be used for HCV GT1 (treatment naïve, interferon intolerant)? 

Quality assessment Summary of Findings 

Participants 
(studies) 
Follow up  

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality of 
evidence 

Study event rates (%) Relative 
effect 
(95% CI) 

Anticipated absolute effects 

With No 
treatment 

With 
Sofosbuvir/ 
ribavirin 

Risk with No 
treatment 

Risk difference with 
Sofosbuvir/ ribavirin 
(95% CI) 

failure of SVR (CRITICAL OUTCOME) 

278 
(2 single arm 
cohorts without 
controls) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

undetected ⊕⊕⊕⊕ 

HIGH3,4 
due to large effect, 
dose-response 
gradient 

100%1 35/139  
(25.5% pooled; 
CI 19.2%, 34%) 

RR 0.25 

(0.19 to 
0.34)2 

1000 SVR 
failures per 
10001 

745 fewer SVR 
failures per 1000  
(from 660 to 808 
fewer) 

Sofosbuvir adverse event related treatment discontinuation (IMPORTANT OUTCOME) 

278 
(1 placebo 
controlled RCT7) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

serious5 undetected ⊕⊕⊕⊝ 

MODERATE5 
due to imprecision 

3/71  
(4.2%)6 

5/207  
(2.4%) 

RR 0.57  
(0.14 to 
2.33) 

42 per 10006 18 fewer per 1000 
(from 36 fewer to 56 
more) 

1 Assumed SVR failure rate based on placebo controls of 1 study.  
2 Estimated RR and CI based on assumed SVR failure rate (placebo control rate from 1 study) 
3 Large effect as the placebo control arm (one study only) showed an expected SVR rate of 0/78. 
4 Pronounced cumulative dose-response gradient observed in difficult to treat genotypes, such as genotype 3. 
5 Wide confidence interval, few events.  
6 0% - 9% discontinuation rate observed in the studies included 
7 Most studies were single arm studies. Estimate for SOF related treatment discontinuation taken from POSITRON study (SOF/RBV vs. placebo). 
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Question 3: Should sofosbuvir/ribavirin for 12 weeks vs. no treatment be used for HCV GT2 (treatment naive/experienced)? 

Quality assessment Summary of Findings 

Participants 
(studies) 
Follow up  

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality of 
evidence 

Study event rates (%) Relative 
effect 
(95% CI) 

Anticipated absolute effects 

With No 
treatment 

With 
Sofosbuvir/ 
ribavirin 

Risk with No 
treatment 

Risk difference with 
Sofosbuvir/ ribavirin 
(95% CI) 

failure of SVR (CRITICAL OUTCOME) 

628 
(5 single arm 
cohorts 
included) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

undetected ⊕⊕⊕⊕ 

HIGH3,4 
due to very large 
effect, dose-
response gradient 

100%1 23/314  
(8.2% pooled; CI 
5.6%, 12.2%) 

RR 0.08 

(0.06 to 
0.12)2 

1000 SVR 
failures per 
10001 

918 fewer SVR 
failures per 1000 
(from 878 to 944 
fewer) 

Sofosbuvir adverse event related treatment discontinuation (IMPORTANT OUTCOME) 

278 
(1 placebo 
controlled RCT7) 

no serious 
risk of bias 

no serious 
inconsistency 

no serious 
indirectness 

serious5 undetected ⊕⊕⊕⊝ 

MODERATE5 
due to imprecision 

3/71  
(4.2%)6 

5/207  
(2.4%) 

RR 0.57  
(0.14 to 
2.33) 

42 per 10006 18 fewer per 1000 
(from 36 fewer to 56 
more) 

1 Assumed SVR failure rate based on placebo controls of 1 study.  
2 Estimated RR and CI based on assumed SVR failure rate (placebo control rate from 1 study) 
3 Large effect as the placebo control arm (one study only) showed an expected SVR rate of 0/78. 
4 Pronounced cumulative dose-response gradient observed in difficult to treat genotypes, such as genotype 3. 
5 Wide confidence interval, few events.  
6 1% - 3% discontinuation rate observed in the studies included 
7 Most studies were single arm studies. Estimate for SOF related treatment discontinuation taken from POSITRON study (SOF/RBV vs. placebo). 
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Question 4a: Should sofosbuvir/ribavirin for 12 weeks vs. no treatment be used for HCV GT3 (treatment naive/experienced)? 

Quality assessment Summary of Findings 

Participants 

(studies) 

Follow up  

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication 

bias 

Overall quality of 

evidence 

Study event rates (%) Relative 

effect 

(95% CI) 

Anticipated absolute effects 

With No 

treatment 

With Sofosbuvir/ 

ribavirin for 12 

weeks 

Risk with Not 

treatment 

Risk difference with 

Sofosbuvir/ ribavirin 

for 12 weeks (95% CI) 

failure of SVR (CRITICAL OUTCOME) 

774 

(4 single arm 

cohorts 

included) 

no serious 

risk of 

bias 

serious 

inconsistency8 

no serious 

indirectness 

no serious 

imprecision 

undetected ⊕⊕⊕⊕ 

HIGH3,4 

due to large effect, 

dose-response 

gradient 

100%1 178/387  

(51.3% pooled; 

95% CI: 46.4%, 

56.7%) 

RR 0.5 

(0.46 to 

0.56)2 

1000 SVR 

failures per 

10001 

487 fewer SVR failures 

per 1000 

(from 433 to 536 

fewer) 

Sofosbuvir adverse event related treatment discontinuation (IMPORTANT OUTCOME) 

278 

(1 placebo 

controlled RCT7) 

no serious 

risk of 

bias 

no serious 

inconsistency 

no serious 

indirectness 

serious5 undetected ⊕⊕⊕⊝ 

MODERATE5 

due to imprecision 

3/71  

(4.2%)6 

5/207  

(2.4%) 

RR 0.57  

(0.14 to 

2.33) 

42 per 10006 18 fewer per 1000 

(from 36 fewer to 56 

more) 

1 Assumed SVR failure rate based on placebo controls of 1 study.  
2 Estimated RR and CI based on assumed SVR failure rate (placebo control rate from 1 study) 
3 Large effect as the placebo control arm (one study only) showed an expected SVR rate of 0/78. 
4 Pronounced cumulative dose-response gradient observed in difficult to treat genotypes, such as genotype 3. 
5 Wide confidence interval, few events.  
6 1% - 3% discontinuation rate observed in the studies included 
7 Most studies were single arm studies. Estimate for SOF related treatment discontinuation taken from POSITRON study (SOF/RBV vs. placebo). 
8 Inconsistency observed (I squared 89%) – this was caused by a dramatic drop in SVR to ~30% in a study with treatment experienced patients with genotype 3 (not observed in studies with sufficient 

treatment length – see 24 weeks data in genotype 3). Not rated down. 
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Question 4b: Should sofosbuvir/ribavirin for 24 weeks vs. no treatment be used for HCV GT3 (treatment naive/experienced)? 

Quality assessment Summary of Findings 

Participants 

(studies) 

Follow up  

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication 

bias 

Overall quality of 

evidence 

Study event rates (%) Relative 

effect 

(95% CI) 

Anticipated absolute effects 

With No 

treatment 

With 

Sofosbuvir/ribavirin 

for 24 weeks 

Risk with No 

treatment 

Risk difference with 

Sofosbuvir/ribavirin for 24 

weeks (95% CI) 

failure of SVR (CRITICAL OUTCOME) 

524 

(2 single arm 

cohorts 

included) 

no 

serious 

risk of 

bias 

no serious 

inconsistency 

no serious 

indirectness 

no serious 

imprecision 

undetected ⊕⊕⊕⊕ 

HIGH3,4 

due to very large 

effect, dose-

response gradient 

100%1 39/262  

(15.0% pooled; CI 

11.2% to 20%) 

RR 0.15 

(0.11 to 

0.2)2 

1000 SVR 

failures per 

10001 

850 fewer SVR failures per 

1000 

(from 800 to 878 fewer) 

SOF related treatment discontinuation (IMPORTANT OUTCOME) 

278 

(1 placebo 

controlled 

RCT7) 

no 

serious 

risk of 

bias 

no serious 

inconsistency 

no serious 

indirectness 

serious5 undetected ⊕⊕⊕⊝ 

MODERATE5 

due to 

imprecision 

3/71  

(4.2%)6 

5/207  

(2.4%) 

RR 0.57  

(0.14 to 

2.33) 

42 per 10006 18 fewer per 1000 

(from 36 fewer to 56 

more) 

1 Assumed SVR failure rate based on placebo controls of 1 study.  
2 Estimated RR and CI based on assumed SVR failure rate (placebo control rate from 1 study) 
3 Large effect as the placebo control arm (one study only) showed an expected SVR rate of 0/78. 
4 Pronounced cumulative dose-response gradient observed in difficult to treat genotypes, such as genotype 3. 
5 Wide confidence interval, few events.  
6 1% - 3% discontinuation rate observed in the studies included 
7 Most studies were single arm studies. Estimate for SOF related treatment discontinuation taken from POSITRON study (SOF/RBV vs. placebo). 
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Question 4c: Should sofosbuvir/ribavirin/peg-IFN for 12 weeks vs sofosbuvir/ribavirin for 24 weeks be used for HCV GT3 (treatment 
experienced + cirrhosis)? 

Quality assessment Summary of Findings 

Participants 
(studies) 
Follow up  

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality 
of evidence 

Study event rates (%) Relative 
effect 
(95% CI) 

Anticipated absolute effects 

With 
Sofosbuvir/ribavirin 
for 24 weeks 

With Sofosbuvir/ 
ribavirin/ peg-IFN 
for 12 weeks 

Risk with 
Sofosbuvir/ribavirin 
for 24 weeks 

Risk difference with 
Sofosbuvir/ ribavirin/ peg-
IFN for 12 weeks (95% CI) 

failure of SVR (CRITICAL OUTCOME) 

69 
(2 single arm 
studies – 
indirect 
comparison) 

no 
serious 
risk of 
bias 

no serious 
inconsistency 

no serious 
indirectness 

serious4 
imprecision 

undetected ⊕⊝⊝⊝ 

VERY LOW4 
due to 
imprecision and 
indirect 
comparison 

18/45  
(40%)1 

2/12  
(16.7%)2 

RR 
0.423 

(0.11 to 
1.55) 

400 SVR failures per 
10001 

233 fewer SVR failures per 
1000 (from 356 to 220 more) 

treatment discontinuations (IMPORTANT OUTCOME) 

297 
(1 study) 

no 
serious 
risk of 
bias 

no serious 
inconsistency 

no serious 
indirectness 

serious4 
imprecision 

undetected ⊕⊝⊝⊝ 

VERY LOW4 
due to 
imprecision and 
indirect 
comparison 

1/250  
(0.4%) 

1/47  
(2.1%) 

RR 5.33 

(0.34 to 
83) 

4 per 1000 16 more per 1000 (from 3 
fewer to 328 more) 

1 Event rate from VALENCE study (GT3, subgroup of treatment experience patients with cirrhosis) 
2 Event rate from LONESTAR-2 (GT3, subgroup of treatment experience patients with cirrhosis) 
3 Estimate based on indirect comparison of two historical treatment groups 
4 Few events, small sample size 
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Question: Should simeprevir/ribavirin/peg-IFN vs. peg-IFN/ribavirin be used for HCV genotype 1 infection*? 

Quality assessment Summary of Findings 

Participants 

(studies) 

Follow up  

Risk of 

bias 

Inconsistency Indirectness Imprecision Publication 

bias 

Overall quality 

of evidence 

Study event rates (%) Relative 

effect 

(95% CI) 

Anticipated absolute effects 

With Peg-

IFN/ribavirin 

With Simeprevir/ 

ribavirin/ peg-

IFN 

Risk with Peg-

IFN/ribavirin 

Risk difference with 

Simeprevir/ ribavirin/ 

peg-IFN (95% CI) 

Failure of SVR (CRITICAL OUTCOME) 

1464 

(5 RCT) 

no serious 

risk of 

bias 

no serious 

inconsistency 

no serious 

indirectness 

no serious 

imprecision 

undetected ⊕⊕⊕⊕ 

HIGH 

large effect 

present 

294/540  

(54.4%) 

193/924  

(20.9%) 

RR 0.39  

(0.33 to 

0.45) 

544 SVR failures 

per 1000 

332 fewer SVR failures 

per 1000 

(from 299 fewer to 365 

fewer) 

SAE leading to treatment discontinuation (initial 12 weeks) (IMPORTANT OUTCOME) 

1464 

(5 RCT) 

(data from 

FDA briefing) 

no serious 

risk of 

bias 

no serious 

inconsistency 

no serious 

indirectness 

serious1 undetected ⊕⊕⊕⊝ 

MODERATE1 

due to 

imprecision 

9/540  

(1.7%) 

15/924  

(1.6%) 

RR 1.13  

(0.5 to 

2.55) 

17 SAE per 1000 2 more SAE per 1000 

(from 8 fewer to 26 

more) 

1 Estimate crosses one; large confidence interval (fails to exclude relative harms as well as benefits) 
* Patients with HCV genotype 1a should be screened for the genetic mutation Q80K polymorphism (30% of genotype 1a patients in the studies), as the response in those patient is not much higher 
than with peg-IFN alone. The response rate in HIV co-infected patients was 74% (78/106) [Dietrich et al; EACS 2013; not included in this analysis as no peg-INF/RBV comparator group included], similar 
to what was observed in non-HIV co-infected patients. 

 


