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Abstract N
Background: Because of the heterogeneity of hepatitis C virus (HCV) distribution of different genotypes, large-scale clinical trials \
on direct-acting antiviral (DAA) mainly included patients with genotype 1 and genotype 3 infection. Data on the efficacy of direct-
acting antiviral agents in patients with chronic genotype 6 HCV infection are limited.

Methods: The PubMed, Embase, and the Cochrane Libraries were searched comprehensively. All published clinical trials
assessing the efficacy of DAA therapy for patients with chronic genotype 6 HCV infection were included. Sustained virological
response (SVR) and rapid virological response (RVR) were pooled. Additional meta-analyses were also performed to compare the
efficacy of DAA therapy in HCV-6 versus HCV-1 or HCV-3 patients.

Results: Seventeen studies met the inclusion criteria and were included in our meta-analysis. The pooled SVR of all single arms was
95% [95% confidence interval (Cl): 0.90-0.97]. The pooled RVR of all single arms was 97% (95% Cl: 0.95-0.99). The SVR and RVR
were both similar between HCV-6 and HCV-1 or HCV-3. Adverse events were common but rarely caused treatment interruption.

Conclusion: Based on the available data, our results indicate that DAA treatment is effective and safe for patients with genotype 6
HCV infection, and the efficacy was similar compared to patients with genotype 1 HCV or genotype 3 HCV infection.

Abbreviations: Cl = confidence interval, DAA = direct-acting antiviral, HCV = hepatitis C virus, OR = odds ratio, RCT =

randomized controlled trial, RVR = rapid virological response, SVR = sustained virological response.
Keywords: direct-acting antiviral, genotype 6, hepatitis C, hepatitis C virus

1. Introduction

Hepatitis C virus (HCV) infection remains a major public health
concern, with 1.75 million people worldwide receiving a new
diagnosis for HCV each year.!'! HCV is also one of the leading
causes of liver cirrhosis and hepatocellular carcinoma.”! There
are 7 genotypes and 67 subtypes of HCV distributed in different
regions of the world. Among them, genotypes 1 and 3 are the 2
most common genotypes, accounting for 46.2% and 30.1%,
respectively. Genotype 6 is the least distributed genotype
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accounting for <1% of cases.!”! The genotype 6 HCV is mainly
concentrated in Southeast Asia, such as China, Vietnam,
Thailand, and Myanmar, with a prevalence of approximately
30% to 40%."3) Among all the subtypes of HCV-6, genotype 6a is
the most geographically restricted, mainly in Vietnam, Macau,
and Hong Kong.!

Before the direct-acting antiviral (DAA), the main treatment
for HCV was composed of interferon, peg interferon, and
ribavirin. The cure rate of these regimens is only 40% to 65%."!
And these regimens are poorly tolerated due to adverse events
such as flulike symptoms and depression.!®! So far, the Food and
Drug Administration has approved >10 DAAs for the treatment
of HCV infection, which can achieve a sustained viral response
(serum HCV RNA < 15IU/mL at least 12 weeks after treatment
has ended) rate of >90%. Due to the heterogeneity of HCV
distribution of different genotypes, large-scale clinical trials on
DAA were mainly included patients with genotype 1 and
genotype 3, whereas data on DAA therapy for genotype 6 HCV
infection are lacking and the conclusions are inconsistent. In
addition, currently, no comprehensive meta-analyses of clinical
trial data were reported. Therefore, the aim of the present study
was to conduct a meta-analysis of trials to assess the efficacy and
safety of DAA treatment in chronic HCV-6 patients.

2. Materials and methods

2.1. Ethics statement

As all the data were from previously published studies, no ethical
approval or patient consent was required.
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2.2. Search strategy

Relevant studies regarding the therapy with DAA for patients
with chronic genotype 6 HCV infection were identified by
searching the PubMed, Embase, and the Cochrane Libraries

using the following keywords “sofosbuvir,” “simeprevir,”
“grazoprevir,” “elbasvir,” “ombitasvir,” “paritaprevir,” “rito-
navir,” “dasabuvir,” “daclatasvir,” “asunaprevir,” “direct

acting antiviral,” “DAA,” “DAAs,” “HCV,” “hepatitis C,”
and “genotype.” The specific search strategy for each database
was presented in Table S1, http:/links.lww.com/MD/C976. The
search was restricted to “human.” The reference lists of all the
retrieved documents were manually searched for potentially
relevant reports missed by the intelligent retrieval systems
mentioned above. The search was carried out in December
2018. Titles and abstracts of potentially eligible publications
were screened independently by 3 investigators (A.L., X.]., and
Q.L.). Conflicting opinions were resolved with the arbitration of
the corresponding author (Q.L.) where necessary.

2.3. Selection criteria

Published articles or abstracts had met the following inclusion
criteria: study design: randomized controlled trials (RCTs),
retrospective and prospective cohort study designs (each group
sample size >10); subjects: patients with chronic genotype 6 HCV
infection; treatment strategy: including a DAA plus interferon or
ribavirin combination therapy, or DAAs combination therapy
group; and outcome: including information on a primary outcome
of interest clearly defined as sustained virological response (SVR),
which was defined as undetectable HCV RNA at least 12 weeks after
the end of treatment, and a second outcome of rapid virological
response (RVR) defined as undetectable HCV RNA at the fourth
week during treatment. The exclusion criteria were as follows:
duplicated data; including <10 patients infected with genotype 6
HCV; autoimmune hepatitis, alcoholic liver disease, primary biliary
cirrhosis, Wilson disease, hepatocellular carcinoma, and so on; and
any report without available outcome measures.

2.4. Outcome measures

Endpoints were defined before the initiation of the study. To
estimate the efficacy of DAA treatment in the selected trials, the
SVR rate (proportion of patients with undetectable HCV RNA at
least 12 weeks after the end of treatment) was defined as the
primary outcome. The secondary outcomes were the rates of
RVR (undetectable HCV RNA at week 4) and adverse events.
Differences in the limits of HCV RNA detectability among the
studies are presented in Table 1.

2.5. Data extraction

Three reviewers (A.L., X.J., and Q.L.) independently used
inclusion criteria, selected the studies, and extracted data and
outcomes. The following data were extracted from each study:
study characteristics (author, year of publication, region, study
design, publication type, regimen, sample size, duration of
follow-up, lower detection limit of HCV-RNA, and registration
number); patient demographics (age, sex, body mass index) and
baseline characteristics (HCV RNA, Alanine aminotransferase
level); and the study outcomes (SVR, RVR, and adverse events)
after treatment. Any disagreement between the reviewers was
resolved by the third party (Q.L.).
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2.6. Statistical analysis

All the statistical analyses were conducted with Review Manager
Software 5.3 (Cochrane Collaboration, Oxford, UK) and R
(version 3.5.1) software. For the dichotomous outcomes we
extracted, the results were presented as the odds ratio (OR) with a
95% confidence interval (95% CI). The statistical heterogeneity
was evaluated by using chi-square and I” tests with significance
setat P <.1.If the I? value exceeded 50%, then the random effect
model was used on combined results. Otherwise, the fixed effect
model was used. A sensitivity analysis was then performed
through the sequential omission of individual studies to
investigate the effect of each study on the heterogeneity. The
possible publication bias was assessed by Egger tests. All the P
values were 2 sided. Apart from Cochran’s Q-test, the
significance level was 0.05.

3. Results

3.1. Search results and study characteristics

The search strategy resulted in the identification of 1185 records
in total. One hundred ten duplicates were excluded. A total of
1026 records were excluded after scanning titles and abstracts. As
a result, 49 full-text articles were subjected to detailed evaluation,
of which, in one study, patients were coinfected with HIV"); 4
papers were review articles’®1; 2 studies did not include
patients infected with genotype 6 HCV'>'3); 1 study had a
smaller sample size than the other study from the same region
with the same topic™*; 10 studies did not have relevant
outcomes!' 3137231 6 studies were repeat reports?*28%; 8 studies
included <10 patients infected with genotype 6 HCV.!**=35!
Finally, 7 randomized-controlled trials and 10 cohorts were
chosen for inclusion in the meta-analysis, which comprised a total
of 3343 patients. Figure 1 shows the study selection process. The
basic characteristics of the 12 studies and the included patients
are listed in Tables 1 and 2. Among the 17 eligible trials, 10 were
published as full-texts, whereas 7 were abstracts. The included
studies were published between 2015 and 2018. The sample size
of patients with genotype 6 HCV infection for each study ranged
from 31 to 685. The mean age ranged from 41 to 66.3 years. The
duration of treatment ranged from 8 to 24 weeks. The percentage
of males ranged from 34.8% to 62.7%.

3.2. Pooling of sustained viral response rates and rapid
response rates

All 17 trials reported SVR data.l*##3¢73% The SVR for patients
with genotype 6 HCV infection ranged from 63% to 100%
in these trials. As shown in Figure 2, the pooled SVR across
all study arms was 95% (95% CIL: 0.90-0.97, I*=79%). The
6 included studies involving 415 patients reported RVR
data 1363734145471 A ¢ shown in Figure 3, The RVR for patients
with genotype 6 HCV infection ranged from 95% to 100%, with
pooled rate of 97% (95% CI: 0.95-0.99, I*’=0%). Based on an
asymmetrical funnel plot (Fig. S1, http:/links.lww.com/MD/
C976) and Egger tests (P=.0002), some evidence of publication
bias was identified.

3.3. Comparison of SVR in HCV genotype 6 group versus
HCYV genotype 1 or genotype 3 group

The 7 included studies involving 1415 patients reported the rate
of SVR in patients with genotype 6 HCV infection versus patients
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.§ Records identified through Additional records identified
g database searching through other sources
5‘.3 (n=1185) (n=0)
=
— Records after duplicates removed
(n= 1075)
g
o
E A 4
@ Records screened Records excluded
(n=1075) & (n= 1028)
() Y 29 Full-text articles excluded
Full-text articles assessed 1 coinfection with HIV
Z for eligibility » 4 review articles
3 (n= 46) 2 not including patients
E’ infected with genotype
- 6 HCV
A4 1 having a smaller sample
—J Studies included in size than the other
qualitative synthesis study from the same
C (n=17) region with the same
topic
- 9 no relevant outcomes
-5 * 5 repeat reports
% Studies included in 7 including less than 10
= guantitative synthesis patients infected with
(meta-analysis) genotype 6 HCV
. (n=17)

Figure 1. Study selection process.

with genotype 1 HCV infection,3H36:4041.4349.501 A the

heterogeneity among these studies was significant (I*=69%),
the random-effect method was applied to calculate the overall
effects. The SVR was similar between the HCV-6 group and the
HCV-1 group (OR=0.47, 95% CI: 0.10-2.15, P=.003; Fig. 4).
In addition, the sensitivity analysis was performed through the
sequential omission of every study; the results showed that the
significance of the ORs was not influenced excessively.

The 3 included studies involving 252 patients reported the rate
of SVR in HCV-6 versus HCV-3 patients.?®3%%! The between-
study heterogeneity was not significant when the 3 studies were
pooled into a meta-analysis (I?=0%), the fixed-effect method
was applied to calculate the overall effects. The rate of SVR was
similar between the patients with genotype 6 HCV infection and
the patients with genotype 3 HCV infection (OR=3.27,95% CIL:
0.92-11.61, P=.07; Fig. S2, http://links.lww.com/MD/C976).

3.4. Comparison of RVR in HCV genotype 6 group versus
HCYV genotype 1 or genotype 3 group

The 2 included studies involving 821 patients reported the RVR
of HCV in patients with genotype 6 HCV infection versus
patients with genotype 1 HCV infection.!*"*”! As the heteroge-
neity among these studies was not significant (I =0%), the fixed-
effect method was applied to calculate the overall effects. The rate
of RVR was similar between the HCV-6 group and the HCV-1
group (OR=1.30, 95% CI: 0.38-4.41, P=.67; Fig. S3, http:/
links.Ilww.com/MD/C976).

The 2 included studies involving 307 patients reported the rate
of RVR in patients with genotype 6 HCV infection versus patients
with genotype 3 HCV infection.***”! As the heterogeneity
among these studies was not significant (I* = 0%), the fixed-effect
method was applied to calculate the overall effects. The rate of
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Characteristics of the included patients in this meta-analysis.

Author Year Age Sex (male %) HCV RNA, log,, IU/mL, mean ALT level, IU/L BMI, kg/m?, mean
Stefan 2015 52.6 54 6.4 77 26.36

Wu 2018 41 55 6.32 38 NR

Wong 2017 66.3 52.3 6.47 NR 23.3

Wei 2018 42.3 51.7 6.38 NR 235
Nguyen 2018 63.5 47 NR NR NR

Lai 2015 43.6 58 6.3 64 22 < 25 kg/m?
George 2018 499 42 NR 66.52 24.98
Gane 2015 49.2 62.7 6.4 72 102 < 30 kg/m?
Mindie 2017 58 70 NR NR 23.6
Maung 2018 53.1 43 6.5 NR NR

Lim 2017 46 51 NR NR 24
Thong 2017 NR 34.8 NR NR NR

Pham 2018 56.3 45.4 6.6 69.5 22.9

Feld 2015 NR 60 NR NR NR

Thu 2016 NR NR NR NR NR
Jacobson 2016 NR 52 6.3 NR NR
lwamoto 2017 57 41 NR NR NR

Age, HCV RNA, ALT, and BMI were all expressed in mean.
ALT =alanine aminotransferase; BMI=body mass index, HCV = hepatitis C virus, NR=not reported.

RVR was similar between the HCV-6 group and the HCV-3  proportion=0.1, 95% CL 0.01-0.51, I’=95%, P<.01),

group (OR=1.17, 95% CI: 0.13-10.47, P=.89; Fig. S4, http://  headache (the pooled proportion=0.05, 95% CI: 0.01-0.19,

links.lww.com/MD/C976). I?=79%, P<.01), and insomnia (the pooled proportion=0.05,
95% CI: 0.02-0.09, *=0%, P<.57).

3.5. Adverse events

. . 4. Di ion
The meta-analysis results of adverse events are presented in scussio

Table 3. The pooled proportion by random effects model of ~ With the advent of direct-acting antiviral drugs (DAAs) that can
adverse events was 0.13 (95% CI: 0.01-0.62, ?=96%, P < .01). target various enzymes in HCV replication, the prospects for
The most frequent adverse events included fatigue (the pooled ~ HCV therapy have changed dramatically.®!! Due to the

Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Stefan2015 8 10 — i 0.80 [0.44,097] 28% 6.6%
Wu2018 60 60 ) 1.00 [0.94;1.00] 09% 3.9%
Wong2017 61 65 ——— 094 [085,098] 67%  80%
Wei2018 35 36 - 0.97 [0.85;1.000) 1.7% 5.4%
Nguyen2018 87 9N E—'— 096 [0.89;099] 6.8% 8.0%
Lai2015 11 1 T 1.00 [0.72;1.00] 09% 3.8%
George2015 22 35 { 063 [0.45,079] 145% 8.8%

Mindie2017 57 60 —— 095 [0.86;099] 51%  76%
Maung2018 100 130 —— 077 [0.69,084] 410%  9.3%
Lim2017 33 34 = 097 [0.85:1.00] 17%  54%
Thong2017 46 46 . 1.00 [0.92;1.00] 09%  3.8%
Pham2018 175 175 R 100 [0.98;1.000] 09%  3.9%
Feld2015 41 41 e 1.00 [091;1.00] 09%  3.8%
Thu2016 40 40 b —— 1.00 [091;1.00] 09%  3.8%
Jacobson2016 39 39 P — 1.00 [0.91;1.00] 09%  3.8%
lwamoto2017 120 127 P —— 0.94 [0.89;098] 118%  86%
Gane2015 24 25 —— 0.96 [0.80;1.00] 17%  54%
Fixed effect model 1025 @ | 0.87 [0.84; 0.90] 100.0% -
Random effects model - 0.95 [0.90; 0.97] - 100.0%

Heterogeneity: /° = 79%, t° = 1.3596, p <0.01 ' T T T T ]
05 06 07 08 09 1

Figure 2. Proportion meta-analysis of sustained virological response (SVR) in all eligible study arms of patients with chronic genotype 6 hepatitis C virus (HCV)
infection. Cl = confidence interval.
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Jacobson2016 39 39 — 1.00 [0.91;1.000 51% 5.1%
Pham2018 172 175 — 098 [0.95;1.00] 304%  30.4%
Wu2018 58 60 097 [0.88;1.00] 199% 19.9%
Wong2017 63 65 5 097 [0.89;1.00] 20.0%  20.0%
Wei2018 35 35 E— 1.00 [0.90;1.00] 51% 51%
Maung2018 39 41 0.95 [0.83;0.99] 19.6% 19.6%
Fixed effect model 415 - 0.97 [0.95; 0.99] 100.0% -
Random effects model —_— 0.97 [0.95; 0.99] - 100.0%
Heterogeneity: F= 0%, = 0,p=085 : ' ' L
0.85 09 095 1

Figure 3. Proportion meta-analysis of rapid virological response (RVR) in all eligible study arms of patients with chronic genotype 6 hepatitis C virus (HCV) infection.

Cl = confidence interval.

heterogeneity of distribution of different HCV genotype, large-
scale clinical trials on DAA are now mainly included patients with
genotype 1 and genotype 3 HCV infection, whereas data on DAA
therapy for genotype 6 HCV infection are lacking. The first study
for treatment of HCV GT6 using an all oral fixed-dose DAA
combination tablet was with the use of ledipasvir and sofosbuvir
(LDV/SOF). The results were quite favorable for HCV GT6
treatment-naive patients who received 12 weeks of LDV/SOF
(n=25/26; SVR12=96%).281 Other studies focusing on the
treatment of HCV GT6 patients with DAA for 12 weeks in both
treatment naive and patients with compensated cirrhosis also had
favorable results.'®! However, the sample size of these studies
were small. Furthermore, relevant experiments have been
continuously published in recent years. It is necessary to conduct
a meta-analysis to summarize the data. The present meta-analysis
was performed by carefully reviewing 7 individual RCT studies
and 10 cohort studies.

In the present study, we assessed efficacy in terms of virological
outcomes such as SVR and RVR. As for the adverse events,
common adverse events such as fatigue, headache, and insomnia
were examined as well. For a more comprehensive understanding
of the efficacy of this treatment strategy in patients with genotype
6 HCV infection, we also evaluated SVR and RVR for patients
with genotype 6 HCV infection versus patients with genotype 1
or genotype 3 HCV infection in some head-to head comparison

trials. Our analyses demonstrated that DAA-based therapy was
effective in the majority of HCV-6 patients, and efficacy was
similar between genotype 6 and genotype 1 or 3. Adverse events
were common, but rarely caused treatment discontinuation.

Before the DAA, the main treatment for HCV-6 was composed
of interferon, peg interferon, and ribavirin. A meta-analysis of the
efficacy and safety of interferon and ribavirin in the treatment of
hepatitis C indicated that the pooled SVR and the pooled RVR
for Peg-IFN plus weight-based RBV were 75% (95% CI: 0.68—
0.81) and 70% (95% CI: 0.60-0.79), respectively.°*! The
present study, however showed that the pooled SVR and the
pooled RVR for DAA were 95%(95% CI: 0.90-0.97) and 97%
(95% CI: 0.95-0.99), respectively. The Wang study also showed
that the SVR in patients with chronic genotype 6 HCV infection
was significantly higher than that in HCV-1 patients, with a
relative risk of 1.35 (95% CI: 1.16-1.57, P = .001). Our results,
however, showed that the SVR and RVR were both similar
between patients with genotype 6 infection and patients with
genotype 1 (OR=0.47, 95% CI: 0.10-2.15; OR=1.30, 95% CI:
0.38-4.41, P=.67) or genotype 3 HCV infection (OR=3.27,
95% CI: 0.92-11.61; OR=1.17, 95% CI: 0.13-10.47). The
above results indicated that on the one hand, DAAs were more
efficacious than interferon-based treatment for HCV-6 infection;
on the other hand, the interferon-based treatment was more
genotype-selective than DAAs.

genotype 6 genotype 1
idy O BNLS Ota g 2 ]

Feld2015 41 41 323 328 12.3%
George2015 22 35 208 213 201%
Lai2015 11 11 19 20 11.0%
Lim2017 33 34 47 47  11.2%
Pham2018 175 175 354 356 11.8%
Stefan2015 8 10 273 288 17.9%
Wei2018 35 36 154 163 15.8%
Total (95% CI) 342 1415 100.0%
Total events 325 1378

Heterogeneity: Tau® = 2.66; Chi® = 19.59, df =6 (P = 0.003); I* = 69%
Test for overall effect: Z = 0.97 (P = 0.33)

0Odds Ratio

Odds Ratio

atzlaleieig

0.04 [0.01, 0.12]
1.77 [0.07, 47.14] -
0.24 [0.01, 5.95] * r
2.48[0.12, 51.84] -
0.22 [0.04, 1.13]
2.05 [0.25, 16.68] .

0.47 [0.10, 2.15]

!

I0.01 Of1 1 1ID 100

Favours [experimental] Favours [control]

Figure 4. Meta-analysis of sustained virological Response (SVR) in patients with chronic genotype 6 hepatitis C virus (HCV) infection versus patients with chronic

genotype 1 HCV infection. Cl = confidence interval.
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Proportion meta-analysis of adverse events by random effects
model.

Adverse events Rate (95% CI) P

Total adverse events 0.13 (0.01-0.62) <.01
Fatigue 0.1 (0.01-0.51) <.01
Headache 0.05 (0.01-0.19) <.01
Insomnia 0.05 (0.02-0.09) <.b7

Several limitations in our meta-analysis should be considered.
First, 7 RCTs and 10 cohorts were included, so not all of the
included studies were RCTs. Second, detailed information on
individual patients was not enough to evaluate the treatment
effects in the different subgroups. Third, 7 included trials were
only available as abstracts. These studies, however, met all the
inclusion criteria, and could provide data on the relevant
outcomes. Therefore, we included these studies in our meta-
analysis here. Fourth, the studies were not identical in the types of
DAA administered, or the courses of treatment. Fifth, the
important limitation was publication bias, which may be related
to the inclusion of meeting abstracts. But with the official
publication of these studies, we can update this study to avoid
publication bias. Therefore, more high-quality, well-designed,
randomized controlled, multicenter studies that are adequately
powered will clearly be needed to guide evolving standards of
care for treating patients with patients with chronic genotype 6
HCYV infection. Despite of the limitations, currently, the present
study is the first meta-analysis which summarized the world’s
newest data of DAA treatment for genotype 6 HCV infection.

In conclusion, based on the available data, our results indicate
that DAA is effective and safe for patients with HCV-6, and the
efficacy was similar compared to patients with genotype 1 or
genotype 3 HCV infection.
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