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AbsTrACT
background Sofosbuvir plus ribavirin (SOF+RBV) for 
12 weeks is the standard treatment for chronic hepatitis 
C (CHC) genotype 2 (GT2) in most of Asia despite 
availability of new CHC medications. SOF-RBV real-world 
effectiveness has only been reported in small and/or 
single-centre studies. Our goal was to determine the real-
world effectiveness of 12-week SOF+RBV therapy for CHC 
GT2 in Asia.
Methods A systematic search on PubMed and Embase 
was conducted through 30 June 2017. We identified full 
articles and conference proceedings of at least 10 adult 
patients with CHC GT2 treated with SOF+RBV for 12 
weeks under real-world setting in Asia.
results A total of 2208 patients from 13 studies were 
included. The pooled sustained virological response 
12 weeks after the end of treatment (SVR12) was 
95.8% (95% CI 94.6% to 96.9%) with non-significant 
heterogeneity (I2=34.4%). Anaemia (27.9%) was the most 
common adverse event (AE), with serious AEs in 2.0% and 
only 0.7% discontinued therapy prematurely. In subgroup 
analyses, patients with cirrhosis had 8.7% lower SVR12 
than non-cirrhotic patients (P<0.0001), and treatment-
experienced patients had 7.2% lower SVR12 than 
treatment-naïve patients (P=0.0002). Cirrhotic treatment-
experienced patients had the lowest SVR12 at 84.5%. 
There were no significant differences in pooled SVR12 
among patient subgroups: RBV dose reduction versus no 
dose reduction (P=0.30); hepatocellular carcinoma (HCC) 
versus no HCC (P=0.10); GT 2a versus 2b (P=0.86); and 
<65 vs ≥65 years of age (P=0.20).
Conclusions SOF+RBV for 12 weeks was safe and 
effective for patients with CHC GT2 in Asia, although those 
with cirrhosis and prior treatment failure had a lower 
pooled SVR12 rate.
Trial registration number CRD42017067928.

IntroductIon
Chronic infection with hepatitis C virus 
(HCV) is one of the major health burdens 
in the world affecting 71.1 million persons 
and causing 700 000 deaths per year.1 Of all 

the cases of chronic hepatitis C (CHC) in 
the world, two-thirds are from Asia, which 
has an overall HCV prevalence ranging from 
0.1% to 4.7%.2 HCV genotype 2 (GT2) is 
the second most common genotype in many 
parts of Asia, especially in East Asia.3 

From 2001 to 2011, pegylated interferon 
(Peg-IFN) plus ribavirin (RBV) for 24 weeks 
was the standard combination therapy for 
GT2.4 While HCV GT2 was considered the 
easiest-to-treat HCV genotype with this 
regimen, sustained virological response 
(SVR) rate was only 70%–80%. Peg-IFN-
based therapy was also contraindicated in 
many patients due to its adverse event (AE) 
and serious adverse event (SAE) profiles.5

Sofosbuvir (SOF) is an oral direct-acting 
pan-genotypic HCV nucleotide polymerase 
inhibitor approved in the USA in 2013 and 
in Asia shortly thereafter.6 7 The new IFN-free 
regimen SOF plus RBV (SOF+RBV) for 12 
weeks then became a recommended all-oral 
combination therapy for patients with HCV 
GT2 in Asia in 2014 until new regimens 
became available in selected parts of Asia 
very recently.8 9 SVR at 12 weeks after the 
end of the treatment (SVR12) instead of 24 
weeks was used as the new standard for assess-
ment of virological cure, especially as the 
overall SVR12 rate increased from 78% to 
97%, provided a better side-effect profile (a 
decrease in AEs from 11% to 1%), a reduced 
discontinuation rate, and an allowance for 
many non-IFN candidates to be treated.4 10 11

However, clinical trial data in both the 
USA and Asia have shown that the SVR was 
higher in patients without cirrhosis (97%) 
than those with cirrhosis (91%), and in treat-
ment-naïve (97%) than in treatment-experi-
enced patients (88%–91%).4 12 In real-world 
studies where patients were not as highly 
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selected and were more likely to have advanced liver 
disease and/or other comorbidities, lower SVR12 rates 
have been reported in Western population.13–15

Although newer direct-acting antiviral (DAA) regimens 
have recently become available in the USA and Europe 
and even parts of Asia, low-cost generic SOF+RBV may 
still be more accessible for patients in resource-con-
strained regions, such as most of Asia.16 17 Therefore, our 
goal was to perform a systematic review and meta-anal-
yses with meta-regression to determine the real-world 
effectiveness of SOF+RBV at 12 weeks for patients with 
HCV GT2 in Asia.

Methods
data sources and search strategy
We conducted a systematic search on PubMed and 
Embase for full article publications from inception 
through 30 June 2017. Abstracts from the recent 3 years 
(2015, 2016 and/or 2017) for major international confer-
ences in gastroenterology and hepatology, including the 
American Association for the Study of Liver Diseases, the 
European Association for the Study of the Liver, Asian 
Pacific Association for the Study of the Liver, Digestive 
Disease Week, and Asian Pacific Digestive Week, were 
also reviewed. Our study protocol was registered in 
PROSPERO (CRD: 42017067928). We used a predefined 
search strategy: (‘ledipasvir’ OR ‘sofosbuvir’ OR ‘sime-
previr’ OR ‘daclatasvir’ OR ‘asunaprevir’ OR ‘ombitasvir’ 
OR ‘dasabuvir’) AND (‘HCV’ OR ‘hepatitis C’). We 
included DAAs other than SOF and RBV in our search 
terms in case some of the studies included other DAAs in 
their keywords but not SOF+RBV although the regimen 
was a part of their study. There were no language restric-
tions.

A secondary search consisted of a manual review of 
the selected articles’ reference lists. Authors were also 
contacted via their correspondence address to confirm 
that their studies were conducted in Asia and to identify 
additional studies conducted in the region. Demographic 
tables of all included studies were also reviewed for race 
and ethnicity to confirm that the studies included only 
Asians from Asia. Online supplementary list 1 shows 
a list of countries/areas included in the study. The list 
was based on the PubMed MeSH category list of Asia.18 
We excluded premarket clinical trials after manually 
reviewing the full articles.

Inclusion and exclusion criteria
We defined real-world evidence based on Sherman and 
colleagues.19 Eligible studies were conducted in Asia, 
where 12-week SOF+RBV treatment was prescribed for 
CHC GT2 in adult (≥18 years) patients in a real-world 
setting. All included studies were postmarket observa-
tional studies without additional interventions or surveil-
lance beyond routine clinical practice studies. The 
primary outcome of SVR12 and/or secondary outcome 
of tolerability such as AEs and SAEs, RBV dose reduction, 

and/or early discontinuation were required for inclusion. 
For studies with multiple genotypes, all outcomes were 
categorised by genotypes for data analysis. We excluded 
studies with sample sizes of 10 patients or less.

Two reviewers (BW and FJ) independently screened 
articles initially by titles and abstracts, followed by full 
article review to identify eligible studies. Discordance 
results were resolved by discussion between the two 
reviewers and/or by consulting a third senior researcher 
(MHN).

data extraction
We developed a case report form (CRF) for data extrac-
tion. The CRF included study information such as publi-
cation year, study location, study period, study centre 
and sample size; and study participants’ characteris-
tics, including mean/median age, gender distribution, 
genotypes with subtypes, overall SVR12 rate, number 
of AEs and SAEs, RBV dose reduction and early treat-
ment discontinuation. SVR12 rates for various patient 
subgroups were also recorded as available (eg, RBV dose 
reduction status, cirrhosis status, HCC status, prior treat-
ment experience status, HCV GT2 subtypes (2a vs 2b), 
and age (<65 vs ≥65 years)).

Quality assessment
We developed a quality assessment scale for our study 
based on the Newcastle-Ottawa Scale (NOS) to evaluate 
risk of bias. This tool includes evaluation in selection, 
comparability and outcome dimensions of 9 scores in 
total. We considered studies with a total score of 8 or 
higher to be of high quality, 4–7 as fair quality and 1–3 
as low quality.20 All studies included in the study anal-
ysis were evaluated by two reviewers. Discordance was 
discussed with a third review and resolved by consensus.

statistical analysis
Meta-analyses were performed for overall study popula-
tion and for various subgroups as mentioned above. For 
each outcome of interest, pooled estimates with 95% 
confidence intervals (CIs) were calculated using the DerSi-
monian-Laird method random-effects model.21 22 A Free-
man-Tukey double arcsine transformation and Wilson 
score CI for individual studies were performed because 
SVR12 rates were expected to follow the binomial 
distribution; and in some subgroups, SVR12 rates were 
expected to approach the boundaries with extreme 
values.23 Heterogeneity was quantified by I2 statistics and 
Cochran Q test. We set I2 with cut-offs of 25%, 50% and 
75% to suggest low (25%–50%), moderate (50% -75%) 
and high (>75%) heterogeneity, respectively.24

For subgroup analyses, we calculated the pooled 
SVR12 within each subgroup and tested the between-sub-
group differences with the statistical level of significance 
defined with a P-value <0.05. If there were statistically 
significant differences between subgroups, a meta-re-
gression was performed to quantify and to indicate the 
direction of difference by using separate estimates of the 
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between-study variance. We also reported R2 index as a 
measure of the proportion of explained variation over 
the total estimated variation (R2 = T2

explained/T2
Total) to 

quantify the magnitude of impact of subgroup effectors.25

We evaluated for potential small study bias with the 
Egger’s test and Begg’s test, as well as the funnel plot.26 27

To evaluate for consistency among studies, we also 
performed sensitivity analyses for overall pooled SVR12 
estimates, by executing meta-analyses on excluded 
abstracts, single-centre studies, sample sizes less than 100 
or NOS quality scores lower than 8.

All analyses were carried out in R V.3.3.2 (R Founda-
tion for Statistical Computing, Vienna, Austria) with 
‘meta’ and ‘ggplot2’ packages.28–30

results
study characteristics
Figure 1 shows the summary of the search strategy and 
selection process in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses flow diagram.31 
Following the previously described selection process, 
13 studies including 12 articles from Japan and 1 from 
China, 3 conference abstracts and 10 full-text articles 
(with 1 written in Japanese) were included in the current 
study analysis.32–44 In total, 2208 participants with HCV 
GT2 from these 13 studies were eligible for the data 
synthesis (table 1). Seven studies specifically noted that 
decompensated patients were excluded.32 33 36 37 41 43 44 

Figure 1 Screening of articles based on the PRISMA flow diagram. AASLD, American Association for the Study of Liver 
Diseases; APASL, Asian Pacific Association for the Study of the Liver; APDW, Asian Pacific Digestive Week; DDW, Digestive 
Disease Week; EASL, European Association for the Study of the Liver; PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses; SVR12, sustained virological response 12 weeks after end of treatment.
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The other six studies did not provide specific informa-
tion regarding this criteria.34 35 38–40 42 However, all these 
six studies were from Japan, where the practice at the 
time did not include patients with decompensated 
cirrhosis.

overall pooled sVr12 for soF+rBV 12 weeks
A total of 13 studies (n=2208 patients) were included in 
our primary analysis, yielding an overall pooled SVR12 
rate of 95.8% (95% CI 94.6% to 96.9%) (figure 2).32 34–44 
There was low heterogeneity among the studies (I2=34.4%, 
P=0.11).

Adverse events
Ten studies provided AE data, RBV dose reduction and/
or early discontinuation rate due to AEs.32 35–37 39–44 A 
total of 25.9% (95% CI 17.7% to 35.0%) of 1365 patients 
had RBV dose reduction, but only 0.7% (95% CI 0.3% 
to 1.2%) of 1720 patients discontinued therapy prema-
turely.32 35–37 39–44 The most common AE was anaemia 
(27.9%; n=968 patients from five studies, 95% CI 14.2% 
to 44.1%).32 39 41–43 Other common AEs were erythema 
or rash (5.5%, 95% CI 2.7% to 9.0%) and headache 
(3.2%, 95% CI 0.0% to 13.0%). SAEs (haemorrhagic 
gastric ulcer, bradycardia, haemolytic anaemia or severe 
anaemia and eruption) occurred in 2.0% of patients 
(95% CI 1.0% to 3.3%).32 39 43

subgroup analyses
Pooled SVR12 in subgroup analyses
We performed subgroup meta-analysis and meta-re-
gression by presence of RBV dose reduction in 1244 
patients from 6 studies (online supplementary figure 
S1),32 36 40–43 by cirrhosis status in 1812 patients from 
11 studies (figure 3),32 33 36–44 by prior treatment status 
in 1398 patients from 9 studies (figure 4),33 36 37 39–44 by 
presence of HCC in 1130 patients from 6 studies (online 
supplementary figure S2),32 36 37 39 42 43 by genotype 
subtypes in 1017 patients from 6 studies (online supple-
mentary figure S3), and by age in 1012 patients from 6 
studies (online supplementary figure S4).32 36 37 39 42 43 
The results of all subgroup analyses are summarised in 
figure 5 and online supplementary table S1.

Subgroup analysis with meta-regression by cirrhosis status
There were significant differences in the pooled SVR12 
rate between the cirrhotic and non-cirrhotic subgroups 
(figure 3 and online supplementary table S1). This anal-
ysis included 11 studies with 1290 non-cirrhotic patients 
and 522 patients with cirrhosis.32 33 36–44 The pooled esti-
mate of SVR12 for non-cirrhotic and cirrhotic subgroups 
were 97.7% (95% CI 95.9% to 99.1%) and 91.3% (95% 
CI 88.1% to 94.1%), respectively (P<0.0001). Heteroge-
neity was low among the cirrhotic subgroup (I2=14.8%) 
but moderately high in the non-cirrhotic subgroup 

Table 1 Summary of included studies for systematic review and meta-analysis

Authors
Published 
year Type Country Study centre Subgroups analysis included

Atsukawa et al32 2017 Full paper Japan Multicentre With/without RBV reduction; 2a/2b; cirrhosis/
non-cirrhosis;<65/≥65; HCC/non-HCC.

Chen et al33 2015 Abstract China Single centre Cirrhosis; TE.

Doi et al34 2017 Full paper Japan Multicentre None.

Ide et al35 2016 Abstract Japan Multicentre None.

Ikeda et al36 2016 Full paper Japan Multicentre With/without RBV reduction; cirrhosis/non-
cirrhosis; TN/TE; ≥65; HCC/non-HCC.

Kanda et al37 2017 Full paper Japan Single centre 2a; cirrhosis/non-cirrhosis; TN/TE; <65/>65; 
HCC/non-HCC.

Karino et al38 2017 Abstract Japan Single centre Cirrhosis/non-cirrhosis.

Kozuka et al39 2017 Full paper Japan Single centre Cirrhosis/non-cirrhosis; TN/TE; <65/>65; HCC/
non-HCC; 2a/2b.

Morio et al40 2016 Full paper Japan Multicentre With/without RBV reduction; 2a/2b; cirrhosis/
non-cirrhosis; TN/TE.

Murakawa et al41 2017 Full paper Japan Multicentre With/without RBV reduction; cirrhosis/non-
cirrhosis; TN/TE; 2a/2b.

Nishida et al42 2016 Full paper Japan Single centre With/without RBV reduction; cirrhosis/non-
cirrhosis; TN/TE;<65/>65; HCC/non-HCC.

Ogawa et al43 2016 Full paper Japan Multicentre With/without RBV reduction; 2a/2b; cirrhosis/
non-cirrhosis; TN/TE; <65/>65; HCC/non-
HCC.

Watanabe et al44 2017 Full paper Japan Multicentre Cirrhosis/non-cirrhosis; TN/TE.

HCC, hepatocellular carcinoma; RBV, ribavirin; TE, treatment-experienced; TN, treatment-naïve.

https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
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(I2=65.4%). In meta-regression analysis, compared with 
non-cirrhotic patients, patients with cirrhosis had 8.7% 
(95% CI 3.8% to 13.6%) lower chance of achieving 
SVR12. In addition, R2 index was 65.0%, indicating 
that cirrhosis status may contribute 65.0% of the overall 
observed heterogeneity.

Subgroup analysis with meta-regression by treatment history
There were also statistically significant differences in the 
SVR rates in patients by treatment history (figure 4 and 
online supplementary table S1). Nine studies provided 

data for this subgroup analysis.33 36 37 39–44 In total, there 
were 896 treatment-naive patients and 502 treatment-ex-
perienced patients (479 were interferon-experienced 
and 23 patients were not specified). The pooled SVR12 
estimates were 97.4% (95% CI 95.2% to 99.0%) for the 
treatment-naïve subgroup and 91.8% (95% CI 89.1% to 
94.3%) for treatment-experienced subgroups (P=0.0002). 
Heterogeneity was low in the treatment-experienced 
subgroup (I2=0.0%) but moderately high in the treat-
ment-naïve subgroup (I2=56.2%). In meta-regression 

Figure 2 Overall sustained virological response (SVR12) to 12-week therapy with sofosbuvir and ribavirin for chronic hepatitis 
C genotype 2.

Figure 3 Forest plot and bubble plot for sustained virological response (SVR12) in patients with chronic hepatitis C genotype 
2 treated with sofosbuvir and ribavirin, by cirrhosis status.

https://dx.doi.org/10.1136/bmjgast-2018-000207
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analysis, compared with treatment-naive patients, treat-
ment-experienced patients had 7.2% (95% CI 2.5% to 
11.9%) lower chance of achieving SVR12. In addition, 
the R2 index showed that 78.1% of the overall heteroge-
neity might come from patients’ treatment history.

SVR12 stratified by cirrhosis status and treatment history
We also did a stratified subgroup analysis by cirrhosis 
status and treatment history for the 573 patients with 
HCV GT2 with available data from three studies, which 
included 306 treatment-naïve non-cirrhotic patients, 71 
treatment-naïve patients with cirrhosis, 128 treatment-ex-
perienced non-cirrhotic patients and 68 treatment-ex-
perienced patients with cirrhosis.33 37 43 We found that 
cirrhotic treatment-experienced patients (n=68) had 
the lowest SVR12 at 84.5% (95% CI 74.2% to 92.9%, 
I2=0.0%). On the contrary, treatment-experienced 
patients without cirrhosis (n=128) had much higher 
SVR12 at 96.4% (95% CI 92.1% to 99.2%, I2=0.0%). 
Treatment-naïve patients with cirrhosis (n=71) also had 
comparatively high SVR12 at 93.3% (95% CI 84.9% to 
98.7%, I2=16.0%). As expected, treatment-naïve non-cir-
rhotic patients (n=306) had high SVR12 at 94.5% (95% 
CI 80.2% to 100.0%, I2=87.8%).

Other subgroup analysis
In the remaining subgroup meta-analyses, as shown in 
online supplementary table S1, there were no significant 
differences in pooled SVR12 rates in regard to RBV dose 
reduction, HCC, by age cut-off of 65 and by GT2 subtypes.

Publication bias
There was no significant publication bias for the studies 
included in the primary analysis of this study, based on 
the Egger’s test (P=0.10) and Begg’s test (P=0.14), as well 
as in the funnel plot (online supplementary figure S1).

Quality assessment and sensitivity analyses
The average score in the quality assessment was 6.7 
(maximum score: 9 points). We considered studies 
with scores of 8 or higher to be high-quality studies, 
4–7 to be fair, and less than 4 as poor. In total, there 
were six high-quality studies,32 37 39 40 43 44 six fair-quality 
studies,33 34 36 38 41 42 and one low-quality study (online 
supplementary table S2).35

We performed sensitivity analyses on full-text publica-
tion studies, multicentre studies, sample size greater than 
100 participants and high-quality studies, and no signif-
icant differences showed on pooled SVR12, which were 
95.6% (95% CI 94.2% to 96.9%), 95.9% (95% CI 94.9% 
to 96.8%), 95.9% (95% CI 94.7% to 96.9%) and 95.9% 
(95% CI 94.0% to 97.4%), respectively. The I2 dropped 
dramatically to 0.0% on multicentre studies analysis 
(online supplementary table S3).

Finally, we summarised the data from three important 
real-world studies completed in Western populations and 
the Asian population in this current real-world meta-anal-
ysis (online supplementary table S4).

dIscussIon
In our systematic review and meta-analysis of 13 
studies and 2208 patients, we found that the 12-week 
SOF+RBV regimen was effective and well tolerated in 
real-world treatment of patients with HCV GT2 in Asia 
except for those with cirrhosis and treatment failure 
history. The overall pooled SVR12 rate was 95.8%, with 
only 0.7% early discontinuation rate. Approximately, a 
quarter of patients required RBV dose reduction, but the 
SVR12 rates for those with RBV dose reduction were still 
very high at 94.8%, which was not significantly different 
from those who did not require RBV dose reduction. 

Figure 4 Forest plot and bubble plot for sustained virological response (SVR12) in patients with chronic hepatitis C genotype 
2 treated with sofosbuvir and ribavirin, by treatment history.

https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
https://dx.doi.org/10.1136/bmjgast-2018-000207
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Subgroup analyses also showed that no single patient 
characteristic significantly predicted lower SVR12, and 
only those who had both cirrhosis and a history of treat-
ment failure had lower SVR12 (84.5%).

Although significant RBV reduction is known to 
reduce SVR in the Peg-IFN era, we did not find RBV 
dose reduction to have a substantial negative effect on 
SVR12 in our study. This finding could be due to the 
higher potency of the DAA sofosbuvir, such that treat-
ment response was not as dependent on RBV as previous 
IFN-based regimens. In addition, since IFN also causes 
anaemia, it is possible that RBV dose reduction during 
the IFN era was more profound and/or occurred earlier 
in the treatment course.45 Finally, as the DAA treatment 
regimen only lasted for 12 weeks (vs 24–48 weeks in 
the IFN era), patients may have tolerated their haemo-
globin decline better, resulting in less RBV reduction 
even in the dose reduction population. Compared with 
individual studies in which RBV dose reduction data 
were often available in only few participants, our study 
included 299 patients with RBV dose reduction from six 

real-world studies, thus allowing for more precise esti-
mate of SVR12 and potential effects of RBV dose reduc-
tion on SVR12.

Previous phase III clinical trials for HCV GT2 in Japan, 
Korea, and Taiwan showed that SVR12 rates with 12 weeks 
of SOF+RBV therapy were about 98% in treatment-naive 
patients, >95% in treatment-experienced patients, >97% 
in non-cirrhotic, and 94% in patients with cirrhosis, with 
an overall anaemia prevalence rate of 12%.5 7 46 However, 
our study results for real-world effectiveness are slightly 
lower than previously reported for clinical trials. We 
found the overall SVR12 rate was 95.8%, with an SVR12 
rate of 91.3% for patients with cirrhosis and 91.8% for 
treatment-experienced patients.

The lowest SVR12 rate was for those with both cirrhosis 
and prior treatment failure (84.5%). The lower SVR12 in 
patients with two or more difficult-to-treat characteristics 
has been previously described in other real-world studies 
with ombitasvir/paritaprevir/ritonavir±dasabuvir±RBV 
for GT1 and GT4, or simeprevir and SOF for GT1.47 48 
Therefore, longer treatment duration with SOF+RBV has 

Figure 5 Summary plots for overall and subgroup analyses in patients with chronic hepatitis C genotype 2 treated with 
sofosbuvir and ribavirin. HCC, hepatocellular carcinoma; RBV, ribavirin; SVR12, sustained virological response 12 weeks after 
end of treatment. 



8 Wei B, et al. BMJ Open Gastro 2018;5:e000207. doi:10.1136/bmjgast-2018-000207

Open access 

been suggested for some of the more difficult-to-treat 
populations.15

While the lower observed SVR12 in this real-world 
analysis compared with results from clinical trials is not 
totally unexpected, the differences were relatively small. 
Clinical trials generally select motivated patients with 
few comorbid conditions.49 In addition, clinical trial 
patients are also rigorously monitored with strict study 
visit schedule, whereas our analyses included patients 
treated in real-life practices who only had routine clin-
ical monitoring and may have had various comorbidities. 
Nevertheless, the 12-week SOF+RBV therapy for patients 
with HCV GT2 was still more effective than the former 
24-week Peg-IFN+RBV therapy (74%) even in the most 
difficult-to-treat group.50 Thus, our real-world data indi-
cated that 12 weeks of therapy with SOF+RBV is effec-
tive in general for patients with HCV GT2 in Asia and 
for most HCV GT2 subgroups that have been historically 
more difficult to treat.

When compared with real-life studies from the Western 
world, our SVR rate was higher and closer to clinical trials 
results (online supplementary table S4). The overall 
SVR12 rates in real-world patients with GT2 treated with 
12 weeks of SOF+RBV in Western countries ranged from 
79.0% to 88.3%.13–15 One of the largest Western country 
studies published so far was from the US Veteran Affairs. 
The study consisted of 468 treatment-naïve and 151 treat-
ment-experienced veterans with HCV GT2 who were 
treated with SOF+RBV for 12 weeks. This reported study 
results were demonstrably lower than in our reported 
analyses, including an SVR12 rate of 81.6% for treat-
ment-naïve patients and 70.9% for treatment-experi-
enced patients, and a much higher early discontinuation 
rate of 14.3%.13 Results from the Germany Hepatitis C 
Registry also reported a low SVR12 of 84.2%, 79.5%, 
84.7% and 74.1% in treatment-naïve, treatment-expe-
rienced, non-cirrhotic patients with and patients with 
cirrhosis, respectively.14 Finally, an international cohort 
(mostly USA and no Asia), HCV-TARGET, reported an 
overall SVR12 rate of SOF+RBV for 12 weeks of 88.3% 
(91.0% in non-cirrhotic patients and 79.0% in patients 
with cirrhosis).15

These disparate results between our study findings 
and those from the Western world have been previously 
reported in the IFN-based therapy era. Potential expla-
nations for Asian patients with HCV GT2 experiencing 
higher SVR12 rates include Asian patients having a more 
favourable IL28B genotype, which is associated with 
being more responsive to therapy, a lower body mass, 
which may allow for more drug bioavailability, as well as 
our exclusion of patients with decompensated cirrhosis 
in our meta-analysis.51 However, further study is needed 
to better understand the drug response differences 
in patients with HCV GT2 from Asia and the Western 
world. Newer pan-genotypic DAAs sofosbuvir/velpatasvir 
(Epclusa), sofosbuvir/velpatasvir/voxilaprevir (Vosevi), 
and glecaprevir/pibrentasvir (Mavyret) have been avail-
able in Western countries, and some of these have also 

recently become or soon to become available in parts of 
Asia.16 17 52 However, it is not clear when the reimburse-
ment policy and cost of the newer regimens will become 
less prohibitive for most patients in Asia while generic 
SOF+RBV are available at relatively low cost in many 
areas.53 54

Our study has some limitations. Despite our extensive 
literature search, all but one study was from Japan due to 
the earlier approval of SOF in Japan, as well as the favour-
able medication reimbursement policy in this country.12 
Therefore, our results may not be generalisable to 
non-Japanese Asian patients. This lack of data from other 
Asian countries other than Japan also highlights a real-
world reality of the limited access to care and efficacious 
therapy for the vast majority of HCV-infected patients in 
Asia, suggesting the need for improvement of the access 
to care for this region. Additionally, although our study 
included a large number of patients for the overall anal-
ysis and several important subanalyses, the sample size 
was still limited for some subgroups, such as the one 
on HCC, which only included a total of 60 patients with 
HCC from six studies. In addition, the results from RBV 
dose reduction subanalyses were also limited by the fact 
that RBV dose reduction was done in real-world routine 
practice and did not follow standardised protocols as 
clinical trial. Thus, the data analysis was largely based on 
evaluable patient with evaluable SVR12 data. There was 
also some heterogeneity among the ‘upstream’ studies 
included in our meta-analysis. However, heterogeneity 
is unavoidable in meta-analysis, especially for real-world 
data, and the heterogeneities in our study were gener-
ally acceptable with I2<50% for our overall analysis as well 
as most of the subgroups analyses. We also performed 
meta-regression by cirrhosis status (11 studies) and treat-
ment history (9 studies) to examine the effect of various 
moderators when data were available as per meta-regres-
sion principles.25

In conclusion, treatment with 12 weeks of SOF+RBV 
appears to be very effective overall and effective for 
various historically difficult-to-treat populations such 
as patients with cirrhosis, patients with prior treatment 
failure and older patients. Even though this treatment 
regimen may not be optimal for those with cirrhosis plus 
prior treatment failure, the SVR12 rate was 84%, which is 
a substantial increase compared with the prior IFN-based 
treatments, and offers patients a reasonable alternative 
until newer DAA regimens are available in Asia at accept-
able costs. Further effort is needed to improve access 
to care and HCV cure for the vast majority of affected 
patients in this region.

Author affiliations
1Division of Gastroenterology and Hepatology, Stanford University Medical Center, 
Palo Alto, California, USA
2Department of Infectious Diseases, The Second Affiliated Hospital of Xi’an Jiaotong 
University, Xi’an, China
3Shaanxi Provincial Clinical Research Center for Hepatic & Splenic Diseases, The 
Second Affiliated Hospital of Xi'an Jiaotong University, Xi’an, China

https://dx.doi.org/10.1136/bmjgast-2018-000207


 9Wei B, et al. BMJ Open Gastro 2018;5:e000207. doi:10.1136/bmjgast-2018-000207

Open access

4Department of General Internal Medicine, Kyushu University Hospital, Fukuoka, 
Japan
5Lane Medical Library, Stanford University School of Medicine, Palo Alto, California, 
USA
6National & Local Joint Engineering Research Center of Biodiagnosis and 
Biotherapy, The Second Affiliated Hospital of Xi'an Jiaotong University, Xi’an, China
7Division of Gastroenterology and Hepatology, Veterans Affairs Palo Alto Health Care 
System, Palo Alto, California, USA

Acknowledgements The authors wish to thank Dr Akihiro Tamori, MD, PhD, and 
Dr Naoshi Nishida, MD, for their kind support and generous sharing of their study 
data, and Dr Guido Schwarzer, PhD, for his kind assistance with the R programming 
for our meta-regression analysis. 

Contributors BW and FJ: study design, data collection, data analysis, 
data interpretation, and drafting of the manuscript. YHY: data analysis, data 
interpretation and critical review of the paper. EO: data collection, data 
interpretation and critical review of the paper. RCC: study design, data collection, 
data interpretation and critical revision of the manuscript. CDS, SD, BZ, ZL, NF: 
data collection, data interpretation and critical review of the paper. MHN: study 
conception, study design, data collection, data analysis, data interpretation, drafting 
of the manuscript and supervision of the study. All authors read and approved the 
final version of the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests RCC: grant/research support, Gilead Sciences. NF: grant/
research support: MSD, Gilead Sciences, Bristol-Myers Squibb and Janssen 
Pharmaceuticals; speaker’s bureau: Gilead Sciences, MSD, Bristol Myers, and 
Janssen Pharmaceuticals; advisory board: Gilead Sciences, AbbVie and Bristol-
Myers Squibb. MHN: grant/research support: BK Kee Foundation, Asian Health 
Foundation, Bristol-Myers Squibb, Gilead Sciences, Janssen Pharmaceutical, 
National Cancer Institute, and Pfizer; pharmaceutical; advisory board member or 
consultant: Dynavax Laboratories, Gilead Sciences, Intercept Pharmaceuticals, 
Alnylam Pharmaceutical, Bristol-Myers Squibb, Novartis Pharmaceutical and 
Janssen Pharmaceutical. 

Patient consent Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available. 

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Author(s) (or their employer(s)) 2018. Re-use permitted under CC BY-NC. No 
commercial re-use. See rights and permissions. Published by BMJ.

reFerenCes
 1. Polaris Observatory HCV Collaborators. Global prevalence and 

genotype distribution of hepatitis C virus infection in 2015: a 
modelling study. Lancet Gastroenterol Hepatol 2017;2:161–76.

 2. Lim SG, Aghemo A, Chen PJ, et al. Management of hepatitis C virus 
infection in the Asia-Pacific region: an update. Lancet Gastroenterol 
Hepatol 2017;2:52–62.

 3. Petruzziello A, Marigliano S, Loquercio G, et al. Global epidemiology 
of hepatitis C virus infection: An up-date of the distribution and 
circulation of hepatitis C virus genotypes. World J Gastroenterol 
2016;22:7824–40.

 4. Koff RS. Review article: the efficacy and safety of sofosbuvir, a 
novel, oral nucleotide NS5B polymerase inhibitor, in the treatment 
of chronic hepatitis C virus infection. Aliment Pharmacol Ther 
2014;39:478–87.

 5. Ahn SH, Lim YS, Lee KS, et al. A phase 3b study of sofosbuvir 
plus ribavirin in treatment-naive and treatment-experienced Korean 
patients chronically infected with genotype 2 hepatitis C virus. J Viral 
Hepat 2016;23:358–65.

 6. Yang YM, Choi EJ. Efficacy and safety outcomes of sofosbuvir-
based treatment regimens for hepatitis C virus-infected patients with 
or without cirrhosis from phase III clinical trials. Ther Clin Risk Manag 
2017;13:477–97.

 7. Omata M, Nishiguchi S, Ueno Y, et al. Sofosbuvir plus ribavirin in 
Japanese patients with chronic genotype 2 HCV infection: an open-
label, phase 3 trial. J Viral Hepat 2014;21:762–8.

 8. WHO Guidelines Approved by the Guidelines Review Committee. 
Guidelines for the screening care and treatment of persons with 
chronic hepatitis C infection: updated version. Geneva, 2016.

 9. Omata M, Kanda T, Wei L, et al. APASL consensus statements 
and recommendation on treatment of hepatitis C. Hepatol Int 
2016;10:702–26.

 10. Burgess SV, Hussaini T, Yoshida EM. Concordance of sustained 
virologic response at weeks 4, 12 and 24 post-treatment of hepatitis 
c in the era of new oral direct-acting antivirals: a concise review. Ann 
Hepatol 2016;15:154–9.

 11. Zeuzem S, Dusheiko GM, Salupere R, et al. Sofosbuvir and ribavirin 
in HCV genotypes 2 and 3. N Engl J Med 2014;370:1993–2001.

 12. Lim SG, Dan YY. A 2015 roadmap for the management of hepatitis C 
virus infections in Asia. Korean J Intern Med 2015;30:423–33.

 13. Backus LI, Belperio PS, Shahoumian TA, et al. Effectiveness 
of sofosbuvir-based regimens in genotype 1 and 2 hepatitis C 
virus infection in 4026 U.S. Veterans. Aliment Pharmacol Ther 
2015;42:559–73.

 14. Tacke F, Günther R, Buggisch P, et al. Treatment of HCV genotype 
2 with sofosbuvir and ribavirin results in lower sustained virological 
response rates in real life than expected from clinical trials. Liver Int 
2017;37:205–11.

 15. Welzel TM, Nelson DR, Morelli G, et al. Effectiveness and safety 
of sofosbuvir plus ribavirin for the treatment of HCV genotype 2 
infection: results of the real-world, clinical practice HCV-TARGET 
study. Gut 2017;66:1844–52.

 16. Feld JJ, Jacobson IM, Hézode C, et al. Sofosbuvir and velpatasvir 
for HCV Genotype 1, 2, 4, 5, and 6 Infection. N Engl J Med 
2015;373:2599–607.

 17. Kwo PY, Poordad F, Asatryan A, et al. Glecaprevir and pibrentasvir 
yield high response rates in patients with HCV genotype 1-6 without 
cirrhosis. J Hepatol 2017;67:263–71.

 18. U.S. National Library of Medicine. Asia [database on the Internet]. 
https://www. ncbi. nlm. nih. gov/ mesh/ 68001208 (cited 30 Jun 2017).

 19. Sherman RE, Anderson SA, Dal Pan GJ, et al. Real-world 
evidence - what is it and what can it tell us? N Engl J Med 
2016;375:2293–7.

 20. Wells GA SB, O'Connell D, Peterson J, et al. The Newcastle-Ottawa 
Scale (NOS) for assessing the quality if nonrandomized studies in 
meta-analyses. http://www. ohri. ca/ programs/ clinical_ epidemiology/ 
oxford. asp

 21. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. 
Contemp Clin Trials 2015;45(Pt A):139–45.

 22. Borenstein M, Hedges LV, Higgins JP, et al. A basic introduction to 
fixed-effect and random-effects models for meta-analysis. Res Synth 
Methods 2010;1:97–111.

 23. Nyaga VN, Arbyn M, Aerts M. Metaprop: a stata command to 
perform meta-analysis of binomial data. Arch Public Health 
2014;72:39.

 24. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency 
in meta-analyses. BMJ 2003;327:557–60.

 25. Michael Borenstein LVH, Higgins JPT, Rothstein HR. Chapter 20: 
meta-regression. In: Introduction to meta-analysis: John Wiley & 
Sons, Ltd, 2009:202.

 26. Begg CB, Mazumdar M. Operating characteristics of a rank 
correlation test for publication bias. Biometrics 1994;50:1088–101.

 27. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34.

 28. R Core Team. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing. 2017 https://
www. r- project. org/

 29. Schwarzer G. meta: an R package for meta-analysis: R news, 2007.
 30. Hadley W. ggplot2: elegant graphics for data analysis. New York: 

Springer-Verlag, 2009.
 31. Stovold E, Beecher D, Foxlee R, et al. Study flow diagrams in 

Cochrane systematic review updates: an adapted PRISMA flow 
diagram. Syst Rev 2014;3:54.

 32. Atsukawa M, Tsubota A, Kondo C, et al. Effectiveness and safety 
of community-based treatment with sofosbuvir plus ribavirin for 
elderly patients with genotype 2 chronic hepatitis C. Dig Liver Dis 
2017;49:1029–35.

 33. Chen GF, Shao Q, Ji D, et al. Twelve weeks sofosbuvir ribavirin 
therapy for treatment experienced chronic HCV genotype 2 Chinese 
patients. Hepatol Int 2015;9:S49.

 34. Doi A, Sakamori R, Tahata Y, et al. Frequency of, and factors 
associated with, hepatitis B virus reactivation in hepatitis C patients 
treated with all-oral direct-acting antivirals: analysis of a Japanese 
prospective cohort. Hepatol Res 2017;47:1438–44.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S2468-1253(16)30181-9
http://dx.doi.org/10.1016/S2468-1253(16)30080-2
http://dx.doi.org/10.1016/S2468-1253(16)30080-2
http://dx.doi.org/10.3748/wjg.v22.i34.7824
http://dx.doi.org/10.1111/apt.12601
http://dx.doi.org/10.1111/jvh.12499
http://dx.doi.org/10.1111/jvh.12499
http://dx.doi.org/10.2147/TCRM.S134818
http://dx.doi.org/10.1111/jvh.12312
http://dx.doi.org/10.1007/s12072-016-9717-6
http://dx.doi.org/10.5604/16652681.1193693
http://dx.doi.org/10.5604/16652681.1193693
http://dx.doi.org/10.1056/NEJMoa1316145
http://dx.doi.org/10.3904/kjim.2015.30.4.423
http://dx.doi.org/10.1111/apt.13300
http://dx.doi.org/10.1111/liv.13206
http://dx.doi.org/10.1136/gutjnl-2016-311609
http://dx.doi.org/10.1056/NEJMoa1512610
http://dx.doi.org/10.1016/j.jhep.2017.03.039
https://www.ncbi.nlm.nih.gov/mesh/68001208
http://dx.doi.org/10.1056/NEJMsb1609216
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1016/j.cct.2015.09.002
http://dx.doi.org/10.1002/jrsm.12
http://dx.doi.org/10.1002/jrsm.12
http://dx.doi.org/10.1186/2049-3258-72-39
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.2307/2533446
http://dx.doi.org/10.1136/bmj.315.7109.629
https://www.r-project.org/
https://www.r-project.org/
http://dx.doi.org/10.1186/2046-4053-3-54
http://dx.doi.org/10.1016/j.dld.2017.04.012
http://dx.doi.org/10.1111/hepr.12919


10 Wei B, et al. BMJ Open Gastro 2018;5:e000207. doi:10.1136/bmjgast-2018-000207

Open access 

 35. Ide T, Eguchi Y, Harada M, et al. Efficacy and safety of DAAs therapy 
in hepatitis C: a multicenter real-world cohort of chronic hepatitis C 
patients. Hepatology 2016;63:459A.

 36. Ikeda H, Nozaki A, Shimizu H, et al. Real-world effectiveness of 
sofosbuvir plus ribavirin in Japanese patients with genotype 2 
HCV infection: a Kanagawa prospective, multicenter study. Kanzo 
2016;57:561–4.

 37. Kanda T, Nakamura M, Yasui S, et al. Treatment of real-world hcv 
genotype 2-infected japanese patients with sofosbuvir plus ribavirin. 
Biology 2017;6:E30.

 38. Karino Y, Tatsumi R, Yamaguchi M, et al. History of HCC plus IL28B 
genotype non-major relate to the treatment failure of sofosbuvir and 
ribavirin combination Therapy for GT2 chronic hepatitis C. Hepatol 
Int 2017;11:S1015–S6.

 39. Kozuka R, Hai H, Teranishi Y, et al. Correlation between 
polymorphism in the inosine triphosphatase and the reductions in 
hemoglobin concentration and ribavirin dose during sofosbuvir and 
ribavirin therapy. J Gastroenterol Hepatol 2017;32:1495–502.

 40. Morio K, Imamura M, Kawakami Y, et al. ITPA polymorphism 
effects on decrease of hemoglobin during sofosbuvir and ribavirin 
combination treatment for chronic hepatitis C. J Gastroenterol 
2017;52:746–53.

 41. Murakawa M, Asahina Y, Nagata H, et al. ITPA gene variation 
and ribavirin-induced anemia in patients with genotype 2 chronic 
hepatitis C treated with sofosbuvir plus ribavirin. Hepatol Res 
2017;47:1212–8.

 42. Nishida N, Kono M, Minami T, et al. Safety, tolerability, and efficacy 
of sofosbuvir plus ribavirin in elderly patients infected with hepatitis 
c virus genotype 2. Dig Dis 2016;34:632–9.

 43. Ogawa E, Furusyo N, Nomura H, et al. Effectiveness and safety of 
sofosbuvir plus ribavirin for HCV genotype 2 patients 65 and over 
with or without cirrhosis. Antiviral Res 2016;136:37–44.

 44. Watanabe T, Tokumoto Y, Joko K, et al. Predictors of treatment 
efficacy and ALT non-normalization with sofosbuvir/ribavirin 

therapy for patients with hepatitis C virus genotype 2. J Med Virol 
2017;89:1567–73.

 45. Sugimoto K, Kim SK, Kim SR, et al. Efficacy and safety of sofosbuvir 
plus ribavirin treatment for patients with chronic hepatitis C 
Genotype 2. Dig Dis 2016;34:627–31.

 46. Kao JH, Chien RN, Chang TT, et al. A phase 3b study of sofosbuvir 
plus ribavirin in Taiwanese patients with chronic genotype 2 hepatitis 
C virus infection. Liver Int 2016;36:1101–7.

 47. Wedemeyer H, Craxí A, Zuckerman E, et al. Real-world effectiveness 
of ombitasvir/paritaprevir/ritonavir±dasabuvir±ribavirin in patients 
with hepatitis C virus genotype 1 or 4 infection: a meta-analysis. J 
Viral Hepat 2017;24:936–43.

 48. Andriulli A, Mangia A, Iacobellis A, et al. Meta-analysis: the 
outcome of anti-viral therapy in HCV genotype 2 and genotype 3 
infected patients with chronic hepatitis. Aliment Pharmacol Ther 
2008;28:397–404.

 49. Lutchman G, Nguyen NH, Chang CY, et al. Effectiveness and 
tolerability of simeprevir and sofosbuvir in nontransplant and 
post-liver transplant patients with hepatitis C genotype 1. Aliment 
Pharmacol Ther 2016;44:738–46.

 50. Yee BE, Nguyen NH, Jin M, et al. Lower response to simeprevir and 
sofosbuvir in HCV genotype 1 in routine practice compared with 
clinical trials. BMJ Open Gastroenterol 2016;3:e000056.

 51. Nguyen LH, Nguyen MH. Systematic review: Asian patients 
with chronic hepatitis C infection. Aliment Pharmacol Ther 
2013;37:921–36.

 52. Bourlière M, Gordon SC, Flamm SL, et al. Sofosbuvir, velpatasvir, 
and voxilaprevir for previously treated hcv infection. N Engl J Med 
2017;376:2134–46.

 53. Sofosbuvir/velpatasvir (Epclusa) for hepatitis C. JAMA 
2017;317:639–40.

 54. Umar M, Akhter TS, Akbar I, et al. Role of generics in 
treatment of hepatitis C infection. J Ayub Med Coll Abbottabad 
2016;28:S890–S4.

http://dx.doi.org/10.2957/kanzo.57.561
http://dx.doi.org/10.3390/biology6020030
http://dx.doi.org/10.1111/jgh.13743
http://dx.doi.org/10.1007/s00535-016-1279-9
http://dx.doi.org/10.1111/hepr.12867
http://dx.doi.org/10.1159/000448824
http://dx.doi.org/10.1016/j.antiviral.2016.10.012
http://dx.doi.org/10.1002/jmv.24776
http://dx.doi.org/10.1159/000448823
http://dx.doi.org/10.1111/liv.13082
http://dx.doi.org/10.1111/jvh.12722
http://dx.doi.org/10.1111/jvh.12722
http://dx.doi.org/10.1111/j.1365-2036.2008.03763.x
http://dx.doi.org/10.1111/apt.13761
http://dx.doi.org/10.1111/apt.13761
http://dx.doi.org/10.1136/bmjgast-2015-000056
http://dx.doi.org/10.1111/apt.12300
http://dx.doi.org/10.1056/NEJMoa1613512
http://dx.doi.org/10.1001/jama.2016.12279
http://www.ncbi.nlm.nih.gov/pubmed/28782339

	Real-world effectiveness of sofosbuvir plus ribavirin for chronic hepatitis C genotype 2 in Asia: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Data sources and search strategy
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study characteristics
	Overall pooled SVR12 for SOF+RBV 12 weeks
	Adverse events
	Subgroup analyses
	Pooled SVR12 in subgroup analyses
	Subgroup analysis with meta-regression by cirrhosis status
	Subgroup analysis with meta-regression by treatment history
	SVR12 stratified by cirrhosis status and treatment history
	Other subgroup analysis

	Publication bias
	Quality assessment and sensitivity analyses

	Discussion
	References


