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Aim: To conduct a systematic review investigating reasons for the disparity between 
the efficacy and effectiveness rates reported in randomized controlled trials (RCTs) 
and observational studies of direct-acting antiviral treatment regimens licensed for 
use in genotype 1 hepatitis C virus-infected individuals. Methods: This systematic 
review was conducted in accordance with the criteria of the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses group. Results: Statistically significant 
(p < 0.05) differences in the baseline demographics and sustained virological response 
rates were observed between RCT and observational studies. Conclusion: In order 
for outcomes from RCTs to be generalizable to the real world, greater consideration 
needs to be taken to include patient populations that are more representative of 
those awaiting treatment in the clinical setting.

First draft submitted: 16 June 2016; Accepted for publication: 1 September 2016; 
Published online: 17 November 2016

Keywords:  direct-acting antiviral agents • effectiveness • efficacy • hepatitis C 
• observational studies • randomized controlled trials • systematic review

Infection with the hepatitis C virus (HCV) is 
a major public health problem and a leading 
cause of chronic liver disease [1]. The WHO 
estimates that more than 185 million peo-
ple are infected worldwide, a prevalence of 
approximately 3%, with geographical varia-
tions of between 0.5 and 4%  [2,3]. Chronic 
hepatitis C is the most common global cause 
of cirrhosis and the most common indication 
for liver transplantation  [4]. Complications 
of cirrhosis include hepatic decompensation, 
variceal bleeding and the development of 
hepatocellular carcinoma  [5,6]. There are six 
major HCV genotypes (GT) [7]. GT1 is the 
most prevalent in HCV-infected individuals 
globally, accounting for 46% of all infections 
and in Ireland (55%) [8,9].

Recent years have seen a significant 
improvement in the treatment of HCV 
infection with the advent of directly act-
ing antiviral (DAA) therapy and a move 
toward potent interferon-free regimens, with 

sustained virological response (SVR) rates 
above 90%  [10]. Treatment has progressed 
from interferon-based monotherapy with 
SVR rates ranging from 10 to 20%  [11], to 
protease inhibitors (PI) in combination with 
pegylated-interferon and ribavirin (PR) regi-
mens providing rates of 70–85% [12–16]. Since 
2014, a number of pangenotypic agents, 
NS3/4A, NS5A and NS5B oral inhibitors 
became available with SVR rates reported 
in clinical trials in the range of 75–99% 
(Figure 1) [15,17–28].

The breakthrough therapy designation 
(BTD), was established in 2012, after the PI 
regimens had been approved, by the US Con-
gress to expedite the development of drugs 
that show promising early clinical evidence 
of benefit over available therapies  [29,30]. 
Sofosbuvir (SOF), sofosbuvir with daclatas-
vir (SOF/DCV), sofosbuvir with ledipasvir 
(SOF/LDV) and paritaprevir, ombitasvir 
and ritonavir combined with dasabuvir (3D) 
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Figure 1. Hepatitis C treatment timeline: treatment has progressed from interferon monotherapy in 1989 to all-oral interferon-free 
dual directly acting antiviral combinations in 2014/2015. 
DAA: Directly acting antiviral; HCV: Hepatitis C virus; IFN: Interferon; RBV: Ribavirin.
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were all designated as breakthrough therapies [31]. The 
clinical trial programs supporting product licensing 
for interferon-free regimens involved both comparative 
and noncomparative clinical trials. Evidence of effi-
cacy in subpopulations of patients with HCV infection 
(GT, presence of cirrhosis, among others) was limited 
by small patient numbers and strict inclusion criteria, 
thus, limiting generalization to the real world clinical 
setting.

When designed appropriately, clinical trials report 
treatment ‘efficacy’, a measure of the capacity of a 
treatment to produce the desired effect in a con-
trolled environment  [32–34]. Treatment outcomes in 
routine clinical practice may be modified by con-
comitant comorbid medical conditions, substance 
abuse, poor adherence and loss to follow-up, result-
ing in potentially lower effectiveness rates than those 
obtained in clinical trials. It is important to evaluate 
how trial efficacy translates to real-world effective-
ness  [35]. Observational comparative effectiveness 
studies allow estimates of treatment effectiveness to 
be determined [32].

Following the availability of the breakthrough treat-
ment regimens for HCV infection, a number of col-
laborative research networks were formed to conduct 
comparative effectiveness observational studies for 
patients treated under their care [36–38]. These studies 
are designed to determine real world effectiveness and 
to compare results with the clinical trial data.

Having searched PROSPERO [39], an international 
database of prospectively registered systematic reviews 
where there is a health-related outcome, we aimed to 
conduct a systematic review of the published literature 
to compare the outcomes reported in randomized con-
trolled trials (RCTs) and observational studies of DAA 
treatment regimens licensed for use in GT1 HCV-
infected individuals and to investigate possible reasons 
for the disparity between efficacy and effectiveness. 
The review was limited to treatment combinations 
for GT1 HCV for two reasons. First, GT1 is the most 
prevalent GT in HCV-infected individuals globally, 
accounting for 46% of all infections and in Ireland 
(55%) [8,9]. Second, in both the American Association 
for the Study of Liver Diseases and European Associa-
tion for the Study of the Liver, GT1 individuals have 
the widest array of treatment options available [40,41].

Methods
This systematic review was conducted in accordance 
with the criteria of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses group [42].

Search strategy
Using a predefined search strategy, along with 
prespecified inclusion criteria incorporating the 
PICOS (Population, Intervention, Comparator, Out-
come and Study design) structure for formulating a 
research protocol  [43], an electronic literature search 
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in PubMed, EMBASE and The Cochrane Database 
of Systematic Reviews was systematically performed 
on 6 May 2015, for comparative and noncompara-
tive clinical trials and 9 July 2015, for observational 
studies (Table 1). Both searches were repeated on 
24 November 2015. The search included all studies 
published up to 24 November 2015 (two abstracts 
identified during this period that met all inclusion 
criteria were subsequently published as full-text arti-
cles in early 2016 and thus, are referenced as such). 
Details of the search strategy can be found in the 
Supplementary Material. In order to reduce the effect 
of publication bias, a hand-search of conference 
abstracts, for both clinical trials and observational 
studies, from the American Association for the Study 
of Liver Diseases and European Association for the 
Study of the Liver conferences between 2010 and 
2015 was performed. The bibliographies of identi-
fied articles were also hand searched for potentially 
relevant articles.

Eligibility criteria
RCTs, noncomparative clinical trials and observa-
tional or ‘real-world’ studies were included if the 

patient population consisted of HCV GT1-infected 
individuals (over 18 years of age) treated with one of 
the EMA approved treatment combinations. Inclusion 
and exclusion criteria are outlined in Table 1. Crite-
ria specified that SVR12, or SVR24, must have been 
included as a primary or secondary end point. Dose-
finding studies, studies presenting information exclu-
sively about acute or non-GT1 HCV and studies that 
included HIV co-infected patients were excluded.

Screening & selection
The screening and selection process is outlined in 
Figure 2 and was undertaken by two reviewers (E 
Gray and A O’Leary). Search results from the elec-
tronic databases were transferred into the EndNote© 
referencing system. Due to the overlap in coverage of 
the electronic databases, there were a large number of 
duplicate citations that were excluded at this point. 
Initial screening of the title and abstract (if necessary) 
was conducted to exclude articles deemed not relevant. 
Articles that matched the inclusion criteria or those 
where the abstract did not provide sufficient informa-
tion to include, or exclude, were selected for full-text 
review. These articles were then reviewed further for 

Table 1. PICOS criteria used in the search strategy for randomized controlled trials and observational 
studies.

Criteria  Details Comments

Inclusion criteria

Patient population HCV genotype 1 patients >18 years  

Intervention(s) Telaprevir, boceprevir, bimeprevir, sofosbuvir, 
ledipasvir, daclatasvir, paritaprevir, ombitasvir, 
dasabuvir

Includes any licensed combinations 
of these drugs

Comparison therapy Any comparator or non-comparative studies  

Patient outcomes SVR12, SVR24  

Study types Phase II or Phase III randomized controlled 
trials, observational/real-world studies

Includes open-label, single-arm 
and single agent studies

Publication type Full-text journal articles, conference abstracts 
reporting SVR outcomes

 

Limits Humans  

Exclusion criteria

Patient population Non-genotype 1 patients, <18 years, HIV 
co-infection, HBV co-infection, patients 
post-orthotopic liver transplant

 

Intervention(s) Unlicensed drugs/drug combinations  

Comparison therapy No limits  

Patient outcomes Not reporting SVR  

Study types Not Phase II or III, observational/real-world 
studies

 

Publication types Comments, editorials, letters  

 HBV: Hepatitis B; HCV: Hepatitis C; SVR: Sustained virological response.
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Figure 2. PRISMA flow diagram of the literature seach of randomized controlled trials and observational studies 
of licensed regimens for the treatment of hepatitis C virus genotype 1. 
AASLD: American Association for the Study of Liver Diseases; EASL: European Association for the Study of the 
Liver. 
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their relevance against the inclusion criteria by reading 
them in full-text. Papers that met the eligibility criteria 
were included in this study.

Data extraction
The authors used a specifically designed data collection 
tool to extract patient and study characteristics from 

included studies. If data were unavailable in published-
wmaterial, supplemental appendices were examined. If 
further data were required, additional information was 
sought by directly contacting corresponding authors. 
Data were extracted on the number of patients in each 
trial arm, the experimental and comparator regimens 
and relevant baseline demographics and clinical char-
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acteristics of patients including gender, GT1 subtype, 
presence of cirrhosis and previous treatment history. 
In addition, baseline viral characteristics such as viral 
load and GT subtype were also extracted. The primary 
outcome measure was SVR, calculated on an ‘intent-
to-treat’ basis with all patients starting treatment 
contributing to the denominator.

Risk of bias for RCTs
The quality of included clinical trials was individually 
assessed by two reviewers (E Gray and A O’Leary) using 
the ‘Risk of Bias’ tool in the Cochrane Collaboration 
software Review Manager (RevMan) Version 5.3 (The 
Cochrane Collaboration, Copenhagen, Denmark) [44]. 
Each study was assessed for bias by the author under the 
following domains:

•	 Random sequence generation (selection bias);

•	 Allocation concealment bias (selection bias);

•	 Blinding of participants and personnel (perfor-
mance bias);

•	 Blinding of outcome assessment (detection bias);

•	 Incomplete outcome data (attrition bias);

•	 Selective reporting bias (reporting bias);

•	 Other bias (this included consideration of study 
authors conflicts on interests or whether they were a 
recipient of funding from the trial sponsor).

Risk of bias for observational studies
Of the available tools to assess methodological quality in 
nonrandomized observational studies, the Newcastle-
Ottawa Scale (NOS) was selected based on recommen-
dation by the Cochrane Collaboration 35, 36  [44,45]. 
The NOS scale is restricted to assessment of nine items, 
categorized into three dimensions including selection, 
comparability and outcome [46]. For each item, a series 
of response options are provided. A star system allows 
a semi-quantitative assessment of study quality, such 
that the highest quality studies are awarded a maxi-
mum of one star for each item with the exception of 
items related to comparability that confers the assign-
ment of two stars. The total number of stars that can be 
achieved in a study is 9, indicating a complete absence 
of bias. NOS scores are categorized into three groups: 
very high risk of bias (0–3 NOS stars), high risk of bias 
(4–6 stars) and low risk of bias (7–9 stars) [47].

Statistical analysis
For each treatment regimen, the clinical trial and 
observational study data were pooled and tabulated 

in terms of gender and key HCV characteristics. The 
SVR rates from all studies matching the inclusion cri-
teria were recorded. Descriptive statistics were used 
to describe the HCV characteristics and SVR rates 
for the study population. Categorical variables were 
reported as frequencies and percentages. Univariate 
analyses were performed using the Chi-square test as 
appropriate. A linear mixed effects model using vari-
ance to account for study size as well as adjusting for 
risk of bias was fitted to determine a difference in 
effect size due to design. A p < 0.05 was considered to 
be statistically significant. A sensitivity analysis was 
performed whereby both clinical trials and observa-
tional studies considered to be at high risk of bias 
were removed and the analysis subsequently repeated 
to determine the impact, if any, of including stud-
ies considered at high risk of bias. The analysis was 
performed using SPSS Version 21® (IBM Corp., NY, 
USA).

Results
3307 records were identified from PubMed, 
EMBASE and conference proceedings. After exclud-
ing duplicates, the title and abstract (where neces-
sary) of 2829 studies were reviewed, resulting in 
the identification of 159 studies for further assess-
ment. These consisted of both full-text articles and 
abstracts from conference proceedings. Follow-
ing the application of eligibility criteria, 86 stud-
ies, which reported the efficacy or effectiveness of 
ten different treatment regimens, were selected for 
inclusion (Figure 2). Ten treatment regimens identi-
fied for the treatment of GT1 HCV infection. Five 
interferon-based regimens were included:

•	 Telaprevir in combination with pegylated interferon 
and ribavirin (TPV/PR);

•	 Boceprevir in combination with pegylated 
interferon and ribavirin (BOC/PR);

•	 Simeprevir in combination with pegylated 
interferon and ribavirin (SMV/PR);

•	 Sofosbuvir in combination with pegylated 
interferon and ribavirin (SOF/PR);

•	 Daclatasvir in combination with pegylated 
interferon and ribavirin (DCV/PR).

Five interferon-free regimens were included:

•	 Sofosbuvir in combination with ribavirin 
(SOF + RBV);

•	 Simeprevir combined with sofosbuvir with, or 
without ribavirin (SMV/SOF ± RBV);
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•	 Paritaprevir boosted with ritonavir, ombitasvir and 
dasabuvir with or without ribavirin (3D ± RBV);

•	 Sofosbuvir combined with ledipasvir with, or with-
out ribavirin (SOF/LDV RBV);

•	 Sofosbuvir combined with daclatasvir with, or 
without ribavirin (SOF/DCV ± RBV).

Among the 86 studies, 43 were clinical trials 
[22,23,25–28,48–84], both randomized and noncom-
parative studies and the remaining 43 studies were 
observational cohort studies  [36,85–126]. Charac-
teristics of the eligible studies are presented in the 
Supplementary Tables 1 & 2. The studies included a 
total of 40,796 patients of whom 71% were male, 55% 
were GT1a, 41% had previous treatment experience 
and cirrhosis was present in 32%. The profiles of the 
included studies are outlined in Table 2.

In the 20 RCTs that included a comparator group, 
PR was the comparator of choice in 17 of the remain-
ing three, the comparators were TPV/PR (n = 2) and 
SOF + RBV (n = 1).

Overall, a large population of patients, treated 
with interferon-based regimens (TPV/PR, BOC/PR, 
SMV/PR, DCV/PR and SOF/PR), were included 
in both clinical trials and observational studies. 
However, there were exceptions; a limited number 
of observational studies reported the outcomes for 
patients treated with SMV/PR and one RCT reported 
outcomes for patients (n = 12) treated with DCV/PR. 
This treatment regimen was never reported in an 
observational study (Table 3).

For the five interferon-free regimens (SOF ± RBV, 
SMV/SOF ± RBV, 3D ± RBV, SOF/DCV ± RBV 
and SOF/LDV ± RBV), despite the introduction 
of the BTD, a substantial number of patients were 
included in RCTs for 3D ± RBV (n = 2598) and 
SOF/LDV ± RBV (n = 2106). However, for the remain-
ing three regimens, the number of patients included 
in RCTs was significantly less (SMV/SOF ± RBV 

(n = 580), SOF + RBV (n = 97) and SOF/DCV ± RBV 
(n = 152) (Table 3).

Baseline characteristics: a comparison
Four baseline variables were compared between the 
RCTs and the observational studies: male gender, pre-
vious treatment experience, presence of cirrhosis and 
proportion of GT1a patients. The pooled baseline 
demographics and HCV characteristics for clinical 
trials and observational studies stratified according to 
treatment regimen are presented in Table 3. An analy-
sis was undertaken to evaluate for disparity between 
RCT and observational study populations. For inter-
feron-based regimens, both RCTs and observational 
studies were undertaken in four of the five treatment 
regimens (TPV/PR, BOC/PR, SMV/PR and SOF/
PR). A statistically significant difference was observed 
in the proportion of males and individuals with pre-
vious treatment experience, with observational stud-
ies comprising of a higher proportion of both than 
in RCTs (p < 0.005). Similarly, in TPV/PR, BOC/
PR and SOF/PR studies, there was a higher propor-
tion of patients with cirrhosis in observational studies 
compared with RCTs (p ≤ 0.0001). The proportion of 
patients with GT1a varied for all regimens. With a lim-
ited number of patients in the SMV/PR observational 
studies (n = 32), it is difficult to make comparisons 
with the RCTs for the regimen.

In the interferon-free regimens SMV/SOF ± RBV 
and SOF/LDV ± RBV, a statistically significant dif-
ference was observed in the proportion of males and 
individuals with cirrhosis, with observational stud-
ies comprising of a higher proportion of both than in 
RCTs (p < 0.0001). There was a statistically significant 
difference in the proportion of patients with cirrhosis 
between the 3D ± RBV RCTs and the observational 
studies also. In contrast with interferon-based regi-
mens, the proportion of patients with previous treat-
ment experience was lower in the observational studies 
with statistically significant differences observed in the 
SMV/SOF ± RBV and SOF/LDV ± RBV regimens 

Table 2. Profile of randomized controlled trials and observational studies included in the systematic 
review.

Study profile  Randomized controlled trials (n = 43) Observational studies n = 43

No comparator group 23 20

Cirrhotic patients (exclusively) 5 4

Non-cirrhotic patients (exclusively) 16 1

Treatment-naive patients 
(exclusively)

11 8

Treatment-experienced patients 
(exclusively)

21 3
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Table 4. Pooled sustained virological response rates for the clinical trials and observational studies.

Treatment regimen Study type n SVR12/24(%) p-value

TPV/PR Clinical trials 1813 71 <0.0001*

  Observational studies 7309 60  

BOC/PR Clinical trials 1397 64 <0.0001*

  Observational studies 7916 52  

SMV/PR Clinical trials 1515 65 0.171

  Observational studies 32 53  

DCV/PR Clinical trials 12 83 –

  Observational studies – –  

SOF/PR Clinical trials 500 89 <0.0001*

  Observational studies 1717 69  

SOF + RBV Clinical trials 97 64 0.85

  Observational studies 72 63  

SMV/SOF + RBV Clinical trials 580 89 <0.0001*

  Observational studies 3571 80  

3D+RBV Clinical trials 2598 96 0.638

  Observational studies 102 95  

SOF/DCV ± RBV Clinical trials 152 98 0.026

  Observational studies 243 93  

SOF/LDV ± RBV Clinical trials 2106 97 <0.0001*

  Observational studies 5976 94  

*Statistically significant.
3D ± RBV: Paritaprevir boosted with ritonavir, ombitasvir and dasabuvir with or without ribavirin; BOC/PR: Boceprevir in combination 
with pegylated interferon and ribavirin; DCV/PR: Daclatasvir in combination with pegylated interferon and ribavirin; SMV/PR: Simeprevir 
in combination with pegylated interferon and ribavirin; SMV/SOF ± RBV: Simeprevir combined with sofosbuvir with, or without ribavirin; 
SOF/PR: Sofosbuvir in combination with pegylated interferon and ribavirin; SOF + RBV: Sofosbuvir in combination with ribavirin; 
TPV/PR: Telaprevir in combination with pegylated interferon and ribavirin.

(p < 0.0001). The proportion of patients with GT1a 
varied for all three regimens.

In general, significant differences in the patient 
populations included in RCTs and observational stud-
ies were identified. Observational studies tended to 
include a higher proportion of males and a higher pro-
portion of patients with cirrhosis. In interferon-based 
regimens, the proportion of patients with previous 
treatment experience tended to be higher in observa-
tional studies but this tended to be lower in observa-
tional studies reporting outcomes in interferon-free 
regimens.

Efficacy versus effectiveness: a comparison
The SVR rates for both RCTs and observational 
studies, following pooling, are presented in Table 4.

Interferon-based regimens
Prior to pooling, the efficacy rates in reported for first-
generation PI (TPV/PR and BOC/PR) ranged from 
51 to 83%  [49–51,54,66,79–84]. The effectiveness rates 

were more varied and ranged between 31 and 81% [86–
87,90–93,96–97,101–107,109–111,113–114,118–119,122,124,126]. Fol-
lowing pooling, the SVR rate in TPV/PR RCTs was 
71% compared with 60% in the observational studies 
(p < 0.0001) with an absolute difference of 11%. In 
BOC/PR studies, the SVR rate in clinical trials was 64 
and 52% in observational studies (p < 0.0001) with an 
absolute difference of 12%.

In second-generation PI (SMV/PR, DCV/PR and 
SOF/PR), the range of efficacy rates prior to pooling 
were slightly higher than the first generation PIs – 
between 50 and 89%  [52,62,67,69–72,75–76,78]. The range 
of effectiveness rates was similar – between 48 and 
80%  [36,85,88,102,107,115]. No observational studies for 
DCV/PR were identified in the systematic review. Fol-
lowing pooling, the SVR rate in SMV/PR RCTs was 
65 compared with 53% in the observational studies 
(p < 0.171). This represented an absolute difference of 
12%. In SOF/PR studies, the pooled SVR rates were 89 
and 69% in the clinical trials and observational studies, 
respectively (p < 0.0001), an absolute difference of 20%.
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Figure 3. Plot of the pooled sustained virological response rates against the date of EMA marketing 
authorization.  
3D ± RBV: Paritaprevir boosted with ritonavir, ombitasvir and dasabuvir with or without ribavirin; 
BOC/PR: Boceprevir in combination with pegylated interferon and ribavirin; DCV/PR: Daclatasvir in combination 
with pegylated interferon and ribavirin; SMV/PR: Simeprevir in combination with pegylated interferon and 
ribavirin; SMV/SOF ± RBV: Simeprevir combined with sofosbuvir with, or without ribavirin; SOF/PR: Sofosbuvir 
in combination with pegylated interferon and ribavirin; SOF + RBV: Sofosbuvir in combination with ribavirin; 
SVR: Sustained virological response; TPV/PR: Telaprevir in combination with pegylated interferon and ribavirin.
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Interferon-free regimens
For SOF+RBV, a DAA in combination with RBV, the 
SVR rates in RCTs ranged from 50 to 77%  [61,74,77] 
prior to pooling and the effectiveness also rates ranged 
from 50 to 77%  [61,77] in observational studies. The 
pooled efficacy rate was 64% and with an effectiveness 
rate of 63%.

In the DAA dual combinations with or without 
ribavirin (SMV/SOF ± RBV, 3D ± RBV, SOF/DCV 
± RBV and SOF/LDV ± RBV), the efficacy rates and 
effectiveness rates were higher than those observed 
for the interferon-based regimens. In RCTs, the effi-
cacy rates ranged from 84 to 99% across the 19 stud-
ies  [22–23,25–28,48,53,55–60,63–65,68,73] and effectiveness 
rates ranged from 72 to 100% across the 20 stud-
ies  [36,85,88,94,95,98–100,102,108,112,115–117,120,121,123,125,127]. 
Following pooling, the SVR rate in SMV/SOF + RBV 
RCTs was 89% compared with 80% in the observa-
tional studies (p < 0.0001). This represented an abso-
lute difference of 9%. In 3D ± RBV studies, the pooled 
SVR rates were 96 and 95% in the clinical trials and 
observational studies, respectively (p < 0.0001), repre-
senting an absolute difference of 1%. For SOF/DCV 
± RBV and SOF/LDV ± RBV RCTs, the pooled SVR 
rates were 98 and 97%, respectively compared with 
93% (p = 0.26) and 94% (p < 0.0001) for the obser-

vational studies. Correspondingly, these represented 
absolute differences of 5 and 3%.

Plotting the pooled SVR rate of each regimen 
against the date EMA marketing authorization 
date demonstrated the improvement in SVR rate 
over time, particularly with the introduction of the 
interferon-free regimens (Figure 3).

Quality assessment
Clinical trials
The risk of bias graph and risk of bias summary assess-
ing the quality of the 43 clinical trials are presented 
in Figures 4 & 5. Following the assessment of quality, 
a high risk of bias was considered to be present in 2, 
16, 42 and 28% in the domains of random sequence 
generation, allocation concealment, blinding of partic-
ipants and personnel and blinding of outcome assess-
ment, respectively. The remaining domains, incom-
plete outcome data, selective reporting and other bias, 
were considered to be at low risk of bias.

Observational studies
The quality of observational studies using the NOS is 
presented in Figure 6. The mean NOS score of the 43 
included studies was 6, with a range from 5 to 8. Six 
studies had a rating of 8 stars, two studies had a rat-
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ing of 7 stars, 24 had a rating of 6 stars and 11 had a 
5 star rating. Risk of bias was greatest in the compara-
bility domain with 81% considered at high risk of bias 
for confounding. Eight studies were awarded 2 stars 
indicating that these studies were adjusted for poten-
tial confounding factors. The remainder of the studies 
failed to score any stars for this domain. This is consis-
tent with potential confounding by indication. Studies 
that did not undertake appropriate statistical analysis 
such as multivariate logistic regression or propensity 
scoring were at risk of confounding by indication. The 
risk of bias at the outcome level for 43 observational 
studies is summarized in Supplementary Table 3.

Adjusting for the risk of bias
Fitting a linear mixed effects model, in which the four 
demographic variables (gender, GT1, treatment experi-
ence and presence of cirrhosis), the study design and 
treatment, was regressed against SVR rate, yields a 
statistically significant design effect (p < 0.05). This 
concludes that there is evidence to suggest that a 
significantly higher effect is observed in clinical trials 
compared with observational studies.

Sensitivity analysis
In order to investigate the possible impact of bias 
on outcomes, all studies, both clinical trials and 
observational studies, identified as being associ-
ated with a ‘high risk of bias’ and with significant 
uncertainty around their risk of bias (Kumada 2012, 
Lalezari  et  al. 2013, McHutchison  et  al. 2009 and 
McHutchison 2010) were excluded and the outcome 
analysis was repeated. Pooled SVR rates are pre-
sented in the Supplementary Table 4. Following the 
exclusion of clinical trials and observational stud-
ies associated with a high risk and unclear levels of 
bias, no clinical trials remained reporting SVR rates 
for that for SMV/PR, DCV/PR, SMV/SOF ± RBV 
and SOF/DCV ± RBV. Similarly, when observational 
studies associated with a high risk of bias (NOS score 
≤6) were excluded, no observational studies remained 
that reported SVR rates for SOF/PR, SOF + RBV and 
SOF/DCV ± RBV.

Analysis of the pooled SVR rates after excluding 
studies at high risk or unclear levels of bias resulted in 
some changes to the SVR rates. In the clinical trials, 
the SVR rates fell by 0.2–4% for all regimens, with 
the exception of SOF + RBV, which increased by 12%. 
The greatest reduction in SVR rate (-4.4%) occurred in 
the pooled analysis of SOF/LDV ± RBV clinical stud-
ies. In the observational studies, pooled SVR rates for 
TPV/PR, BOC/PR and SMV/PR fell by 2.8, 0.2 and 
5%, respectively. There was no change in the SVR rate 
for 3D ± RBV studies while the pooled SVR rate for 
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Figure 5. Risk of bias graph: review author’s judgements on each risk of bias domain presented as percentages 
across all included studies. 
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SOF/LDV ± RBV and SMV/SOF ± RBV increased by 
0.2 and 4.6%, respectively, when high-risk studies were 
excluded.

Discussion
This study demonstrated the variation in outcomes 
that can be observed between clinical trials and 
observational comparative effectiveness studies. Ten 
DAA-based therapeutic combinations available for the 
treatment of GT1 HCV-infected patients were identi-
fied. The improvement in SVR rates that came with 
advances in the development of therapies that targeted 
more specific and distinct sites in the HCV replication 
process is clear from the data extracted in this review 
for both RCTs and real-world data. In addition, the 
most effective regimens for the treatment of HCV 
GT1 infection are the interferon-free, DAA dual com-
binations of SMV/SOF ± RBV, 3D ± RBV, SOF/DCV 
± RBV and SOF/LDV ± RBV.

Further investigation into the variation in SVR rates 
highlighted the disparity in baseline demographics 
and HCV characteristics of the populations included 
in RCTs as compared with those included in observa-
tional studies. Statistically significant differences were 
found between the RCT and observational study pop-
ulations. In the studies that included interferon-based 
regimens, the observational studies had a consistently 
greater proportion of males, but more significantly, 
a greater proportion of patients with previous treat-
ment experience and cirrhosis. Similarly, in the studies 
of interferon-free regimens, the observational studies 
commonly included higher proportion of patients with 
cirrhosis but the proportion of patients with previ-
ous treatment experience was frequently lower in the 
observational studies.

The absolute difference in pooled SVR rates between 
RCTs and observational studies was significant for some 
regimens. It is possible that the disparity in population 
demographics may account for the differences between 
the efficacy and effectiveness rates observed. Analysis 
of the demographic data from RCTs that studied the 
efficacy of interferon-based regimens showed favorable 
SVR rates in patients who were treatment naive, noncir-
rhotic and were not co-infected with HIV. However, in 
the real world setting, the patients become increasingly 
diverse. With a greater proportion of patients consid-
ered ‘difficult-to-treat’, the effectiveness rate in the real-
world clinical setting was 11–20% lower than those 
observed in RCTs. A lack of specific subpopulation data 
(i.e., SVR rates in patients with cirrhosis or those with 
previous treatment experience) prevented the direct 
comparisons of efficacy and effectiveness rates between 
these patient subgroups. Therefore, it is difficult to 
determine the true differences in SVR rates in patients 
with cirrhosis (particularly with advanced cirrhosis) 
between RCT and observational studies. However, we 
can hypothesize that the higher proportion of patients 
with cirrhosis in the observational studies may have 
contributed to the lower rates of effectiveness.

In the interferon-free, DAA dual combination 
(SMV/SOF ± RBV, 3D ± RBV, SOF/DCV ± RBV 
and SOF/LDV ± RBV) regimens, the gap between 
efficacy and effectiveness rates narrowed and in some 
cases, rates were almost identical, in particular for the 
3D ± RBV regimen. Nonetheless, disparities in the 
baseline characteristics between the populations were 
still apparent. Patient with cirrhosis continued to be 
under-represented in RCTs but these dual combina-
tions have demonstrated similarly high efficacy rates in 
both patients with, and without, cirrhosis.
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Figure 6. Risk of bias by domain in 43 observational cohort studies using the Newcastle Ottawa Scale. The green 
bar represents the percentage of studies with a low risk of bias over the number of studies assessed.
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The quality assessment tools, Cochrane’s risk of bias 
and the NOS allowed us to assess if the quality of the 
studies had an impact on the outcomes obtained. Our 
sensitivity analysis in which we re-analyzed the data fol-
lowing the exclusion of studies considered at high risk 
of bias (and those with significant uncertainty around 
the risk of bias), indicated that SVR rates did not dif-
fer substantially when studies considered at low risk 
of bias were analyzed alone, with the exception of one 
regimen SOF+RBV, where the exclusion of one study by 
Lalezari et al. resulted in a +12% difference in the SVR 
rates [61]. Additionally, after adjusting for the risk of bias, 
we concluded that there was statistically significant evi-
dence of a residual difference in the SVR rates due to the 
study design (RCT vs observational studies). Therefore, 
there continues to be a requirement to utilize methods 
to address confounding in observational studies, such 
as multivariate logistic regression and propensity scor-
ing. While observational studies may be more reflective 
of the real world populations, it is important that the 
studies are well-designed and conducted to allow the 
production of the highest quality of evidence. It is now 
more imperative than ever that decision-makers consider 
the evidence from observational studies, in addition to 
the RCT evidence and the quality of this evidence, to 
inform or revise policies and decisions about coverage 
and reimbursement of high cost treatments.

Given that the goal of the BTD program is to iden-
tify promising drug candidates early in the clinical 
development timeline, expedite the development and 
review process via intensive guidance from the US FDA 
and the EMA and provide patients access to approved 
therapies as quickly as possible, noncomparative data 

are often considered sufficient for providing evidence of 
early clinical benefit  [128]. These clinical trials include 
limited numbers of carefully selected patients. Thus, it 
is not uncommon for selected patient subgroups, such as 
those with decompensated cirrhosis, renal failure, other 
comorbidities to be excluded from these studies  [129]. 
These are often the most complex and difficult-to-treat 
patients in clinical practice, and marketing authorization 
can be granted without any evidence from these sub-
groups. Therefore, this study demonstrates the impor-
tance of including a patient population in RCTs that 
closely mimics the patient population in real world clini-
cal practice with particular emphasis on the inclusion of 
‘difficult-to-treat’ patients. This allows for meaningful 
determinations to be made about probable effectiveness 
rates in clinical practice.

From the perspective of the regulator (such as the 
FDA and EMA), observational studies can play an 
important role in the post-marketing surveillance and 
generation of evidence for these difficult-to-treat patient 
groups. If the inclusion of such patients in RCTs was not 
possible, the requirement for thorough, and early, post-
marketing surveillance, would enable the effectiveness of 
the regimen to be established at an early stage following 
authorization.

There were several limitations to this study. It is possi-
ble that the systematic review was subject to publication 
bias. Publication bias occurs when studies of statistically 
significant or clinically favorable results are more likely 
to be published than studies with nonsignificant or unfa-
vorable results. While all resources and search strategies 
were used to ensure all relevant studies were included, 
it is possible that trial sponsors failed to make results of 
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unfavorable trials available and thus, the potential for 
publication bias must be considered. Additionally, pool-
ing data from studies with heterogeneous design requires 
awareness of the potential to introduce bias. Pooling, as 
undertaken above, is the simplest and most naively intui-
tive way of summarizing the information from several 
clinical trials. However, this approach does not consider 
the validity of the comparisons, assumes all trial designs 
are the same and therefore, is often subject to bias [130].

Conclusion & future perspective
Recent therapeutic advances are transforming the hep-
atitis C landscape and there is now an unprecedented 
prospect of cure for this chronic viral infection, with the 
possibility of global eradication of the disease (subject 
to fiscal restraints). While demonstrating the superior-
ity of DAA dual combination interferon-free treatment 
combinations above those that contain the PR back-
bone, this study highlights the need for clinical trials to 
include a patient population that is more representative 
of those encountered in the clinical setting.

This study provides evidence that the populations 
included in clinical trials tend not to reflect the popula-
tion treated in the clinical setting and as a result, the 
efficacy rates often differ from the effectiveness rates 
reported in the real world. Clinical trials commonly 
exclude difficult-to-treat patients, those with the most 
severe presentation of a disease (e.g.,  decompensated 
cirrhosis) and/or those with co-morbid conditions 
(e.g.,  HIV-co-infection or renal insufficiency). While 
appropriate eligibility criteria are essential for the inter-
nal validity of the RCTs, it often results in the selection 
of an ‘ideal’ patient population most likely to demon-
strate the efficacy and safety outcomes required to ensure 
regulatory approval.

Historically, RCT evidence has been considered the 
gold standard in the hierarchy of evidence for evaluat-
ing the efficacy and safety of interventions. The BTD 
aims to fast-track the approval of marketing authori-
zations for promising drugs, potentially relying exclu-
sively on well-controlled, nonrandomized studies as 
appropriate evidence of efficacy for regulators. Thus, 
not only does the clinical trial population poorly reflect 
the clinical setting but we also consider whether the 
BTD compromises the scientific strength of the clini-
cal trial evidence at the top of the evidence hierarchy. 
Without the requirement for randomization, blinding 
and concealment, the design of these studies and thus, 
the quality of evidence, for BTD designated treatments 
do not differ significantly from the design of observa-
tional studies. Licensing of treatments for HCV infec-
tion in recent years is a testament to this phenomenon 
whereby many agents and treatment regimens were 
licensed based on noncomparative, single-arm studies 
driven by the desire to bring treatments to the market as 
quickly as possible. This has also occurred in a number 
of other therapeutic areas. Therefore, as observational 
studies may be more reflective of the real-world popu-
lations and the quality of the evidence may not differ 
significantly from that of some clinical trials, it is now 
more important than ever that decision-makers con-
sider the evidence from observational studies accrued 
prospectively in the post-HTA era, in addition to the 
RCT evidence and the quality of this evidence, to 
inform or revise policies and decisions about coverage 
and reimbursement.

Additionally, in instances where it is unethical or 
impossible to include a patient population represen-
tative of clinical practice in the RCTs, a regulatory 
requirement for observational studies may assist in the 

Executive summary

Disparities between outcomes reported in randomized controlled trials & observational studies
•	 Statistically significant (p < 0.05) differences in the baseline demographics and sustained virological response 

rates were observed between randomized controlled trial and observational studies.
•	 The breakthrough therapy designation (BTD) aims to fast-track the approval of marketing authorizations for 

promising drugs, potentially relying exclusively on well-controlled, nonrandomized studies as appropriate 
evidence of efficacy for regulators. Without the requirement for randomization, blinding and concealment, 
the design of these studies for BTD designated treatments do not differ significantly from the design of 
observational studies. The BTD may be compromising the scientific strength of the clinical trial evidence at the 
top of the evidence hierarchy.

Evolution of the hepatitis C treatment landscape
•	 Directly acting antiviral dual combination interferon-free treatment regimens demonstrated superior 

sustained virological response rates to those regimens that contain the pegylated-interferon and ribavirin 
backbone.

Value of observational studies
•	 Observational studies can play an important role in the generation of further evidence for difficult-to-treat 

patient groups where it is unethical for them to be included in randomized controlled trials. Additionally, they 
allow for continued monitoring and analysis of outcomes, identifying adverse events or unwanted outcomes 
that did not appear during the drug approval process.
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generation of further evidence for these patient groups 
and to allow for continued monitoring and analysis of 
outcomes, identifying adverse events or unwanted out-
comes that did not appear during the drug approval 
process.
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