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ABSTRACT

Introduction: Sofosbuvir/Velpatasvir/Voxilapre-
vir (SOF/VEL/VOX) is the first direct-acting
antiviral (DAA) therapy approved for patients
who have previously failed a DAA-containing
regimen including NSSA inhibitors. In clinical
trials, SOF/VEL/VOX was associated with high
rates of sustained virologic response at post-
treatment week 12 (SVR12) and was well toler-
ated. However, the effectiveness and safety of
SOF/VEL/VOX in the real world remained uncer-
tain. We aimed to perform a systematic review
and meta-analysis to assess the real world effec-
tiveness and safety of SOF/VEL/VOX.

Methods: We systematically searched the
PubMed, Embase, Cochrane Library, Web of
Science, and ClinicalTrials.gov databases for
relevant real world studies published before
January 28, 2022. Patients with previous treat-
ment failure who received SOF/VEL/VOX were
included. The primary outcome was the
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percentage of patients achieving SVR12. Sec-
ondary outcome included adverse events (AEs)
during treatment.

Results: Fifteen studies with a total of 1796
HCV-infected patients with previous treatment
failure were included. SVR12 rates were 93%
(95% CI 91-95) in the ITT populations
(n =1517, 11 cohorts) and 96% (95% CI 95-97)
in the PP populations (n = 1187, 10 cohorts).
SVR12 rates were significantly higher in non-
GT3-infected patients (OR =2.29, 95% CI
1.23-4.27, P = 0.009) and non-cirrhotic patients
(OR = 2.22, 95% CI 1.07-4.60, P = 0.03) than in
GT3-infected patients and cirrhotic patients.
Furthermore, the SVR12 rates of previous treat-
ment of SOF/VEL were significantly lower than
those of other regimens in both ITT and PP
populations (P < 0.001). Adverse events (AEs)
were reported in 30% (228/760) of patients.
Serious AEs (SAEs) were reported in 3.82% (29/
760) of patients. The most frequently reported
AEs were headache, asthenia, nausea, fatigue,
and diarrhea, which were mostly mild in
severity. AE-related treatment discontinuations
were reported in 0.66% (5/760) of patients.
Conclusions: Consistent with clinical trials, the
real world evidence indicates that SOF/VEL/
VOX is a well-tolerated and highly effective
salvage therapy for HCV-infected patients with
previous treatment failure. However, there may
still be a risk of treatment failure for patients
with GT3 infection, cirrhosis, or SOF/VEL
treatment failure. The protocol of this study was
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registered at PROSPERO, registration no. CRD
42022306828.

Keywords: Sofosbuvir/velpatasvir/voxilaprevir;
HCV; Salvage therapy; Previous treatment
failure; Meta-analysis

Patient populations in the real world tend
to be more diverse and potentially less
adherent to treatment compared to those
in clinical trials. The effectiveness and
safety of sofosbuvir/velpatasvir/
voxilaprevir in the real world remained
uncertain.

Sofosbuvir/velpatasvir/voxilaprevir
achieved 93% virologic cure overall as a
salvage therapy in the real world.

Effectiveness and safety results were
consistent with those from clinical trials.

There may be still a risk of treatment
failure for patients with GT3 infection,
cirrhosis, or Sofosbuvir/Velpatasvir
treatment failure.

INTRODUCTION

Hepatitis C virus (HCV) infection has a great
impact on the morbidity and mortality of liver
cirrhosis and hepatocellular carcinoma (HCC)
patients, and it is a major public health problem
in the world [1, 2]. Since the introduction of
highly effective direct-acting antiviral drugs
(DAAYS) in 2011, significant changes have revo-
lutionized the field of treatment [3]. In 2016,
the World Health Organization (WHO) put
forward a new global goal to eliminate viral
hepatitis by 2030 [4]. Although the overall
success of DAA treatment is high, there is still a
small number of patients who have not eradi-
cated the virus, and relapse or virus break-
throughs are reduced during DAA treatment [5].
The retreatment of patients with DAA failure

may be challenging. Currently, a strategy for
these patients with sofosbuvir/velpatasvir/voxi-
laprevir (SOF/VEL/VOX) was recommended by
the European Association for the Study of the
Liver (EASL) guidelines [6] and the American
Association for the Study of Liver Diseases
(AASLD) guidelines [7, 8].

SOF/VEL/VOX (Vosevi®) is a composite
preparation containing a fixed dose of sofosbu-
vir (400 mg), velpatasvir (100 mg), and voxi-
laprevir (100 mg) in a single tablet [9]. SOF/VEL/
VOX is a pan-genotypic DAA; it is recom-
mended to be taken as one tablet orally with
food every day. It was approved for use in adult
patients with genotype (GT) 1-6 chronic HCV
infection previously treated with a regimen
containing NSSA inhibitors or with a regimen
containing sofosbuvir without NSSA inhibitors
on July 18, 2017, by the USA [10], on July 28,
2017, by the European Commission [11], and
on December 20, 2019, by the China National
Medical Products Administration [12].

Two phase III clinical trials (POLARIS-1 and
POLARIS-4) [13] demonstrated the efficacy and
safety of SOF/VEL/VOX for 12 weeks in patients
who failed to achieve a sustained virologic
response (SVR) based on various DAA regimens.
SVR was defined as a serum HCV RNA level >
151U/ml 12 weeks after the treatment [13].
POLARIS-1 included patients of all genotypes
who failed a treatment containing NSSA inhi-
bitor, of which 46% had cirrhosis. Of the sub-
jects treated with SOF/VEL/VOX, 96% (253/263)
achieved SVR12. POLARIS-4 included patients
with GT 1-4 infection who failed the previous
DAA treatment regimen, which did not include
NSSA inhibitors [13]. Of the subjects treated
with SOF/VEL/VOX, 98% (178/182) achieved
SVR12. SVR12 rate in patients without cirrhosis
was higher than that in patients with cirrhosis
in both POLARIS-1 and POLARIS-4 (99% vs.
93% and 94% vs. 86%, respectively) [13].

In the real world, the effectiveness of DAAs
may be lower than that observed in clinical
trials because the patient population is diverse
and the compliance with treatment may be
poor [14, 15]. The effectiveness of some DAA
regimens in the real world has been proved to
be similar to that in clinical trials [16, 17].
However, since SOF/VEL/VOX was just
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approved for the treatment of HCV-infected
patients in 2017, the published data are limited,
with only a small number of real world studies
and clinical trials. Our objective is to evaluate
the efficacy and safety of SOF/VEL/VOX as a
HCV infection salvage therapy for patients with
previous treatment failures in the real world
through a systematic review and meta-analysis.

METHODS

Literature Search

This study was reported in accordance with the
recent updated Preferred Reporting Items for
Systematic  Reviews and  Meta-analyses
(PRISMA) 2020 guidelines [18]. The protocol of
this study was registered at the International
Prospective Register of Systematic Reviews
(PROSPERO), with registration no. CRD
42022306828.

The literature search was conducted through
PubMed, Embase, Cochrane Library, Web of
Science, and ClinicalTrials.gov database for rel-
evant studies published before January 28,
2022. Detailed literature search strategies of the
databases are presented in Table 1. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

Inclusion and Exclusion Criteria

Studies were included if they met all of the
inclusion criteria as follows: (1) Study design:
prospective or retrospective observational
cohorts, or any other real world study. (2) Pop-
ulation of study: adults regardless of genotype
with chronic hepatitis C who had previously
failed combined therapy with DAAs and inter-
feron or interferon-free. Patients with HCC, with
or without cirrhosis, coinfected with human
immunodeficiency virus (HIV) infection or with
hepatitis B virus (HBV) infection were also
enrolled. (3) Intervention: patients received SOF/
VEL/VOX 400/100/100 mg/day for 12 weeks;
ribavirin (RBV) was added at the investigator’s

Table 1 Database source and retrieval strategy

Database Retrieval strategy

PubMed #1 “Hepatitis C’[Mesh] OR “hepatitis C
virus infection”[tiab] OR “HCV
infection”[tiab] OR “Parenterally-
Transmitted Non-A, Non-B
Hepoatitis’[tiab] OR “Parenterally
Transmitted Non A, Non B
Hepatitis’[tiab] OR “PT-NANBH”[tiab]
OR “HCV’[tiab] OR “Hepacivirus’[tiab]

#2 “sofosbuvir velpatasvir
voxilaprevir”[tiab] OR “sofosbuvir-
velpatasvir—voxilaprevir’[tiab] OR
“sofosbuvir, velpatasvir and voxilaprevir’

[tiab] OR “Vosevi’[tiab)]

#3 “Sustained Virologic Response”[tiab]
OR “Response, Sustained Virologic’[tiab]
OR “Sustained Virologic Responses”
[tiab] OR “Virologic Response,
Sustained’[tiab] OR “Sustained Viral
Suppression’[tiab]

#4 #1 AND #2 AND #3

Embase #1 hepacivirus:ti,ab,kw OR ’hepatitis ¢
virus infection’:ti,abkw OR ’hepatitis
c’:ti;abkw OR ’hev infection’:ti,ab,kw
OR hev:ti,ab,kw OR ’parenterally-
transmitted non-a, non-b
hepatitis’:ti,ab,kw OR ’parenterally
transmitted non a, non b

hepatitis’:ti,ab,kw OR ’pt nanbh’:ti,ab,kw

#2 ’sofosbuvir velpatasvir
voxilaprevir:ti,abkw OR ’sofosbuvir-
velpatasvir—voxilaprevir’:ti,ab,kw OR
’sofosbuvir, velpatasvir and
voxilaprevir:ti,ab,kw OR vosevi:ti,ab,kw
OR ’sofosbuvir plus velpatasvir plus

voxilaprevir:ti,abkw

#3 #1 AND #2
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Table 1 continued

Database Retrieval strategy

#1 (hepatitis C virus infection):ti,ab,kw
OR (hepacivirus):ti,abkw OR (hepatitis
c):ti,abkw OR (hcv infection):ti,abkw
OR (hcv):ti,abkw

Cochrane

Library

#2 (sofosbuvir velpatasvir
voxilaprevir):ti,ab,kw OR (sofosbuvir-
velpatasvir—voxilaprevir):ti,abkw OR
(sofosbuvir, velpatasvir and
voxilaprevir):ti,abkw OR
(vosevi):ti,abkw OR (sofosbuvir plus

velpatasvir plus voxilaprevir):ti,ab,kw
#3 #1 AND #2
Web of

Science

#1 TS = (hepatitis ¢ virus infection) or
TS = (hepacivirus) or TS = (hepatitis c)
or TS = (hcv infection) or TS = (hcv)

#2 TS = (sofosbuvir velpatasvir
voxilaprevir) or TS = (sofosbuvir-
velpatasvir—voxilaprevir) or TS = (
sofosbuvir, velpatasvir and voxilaprevir)
or TS = (sofosbuvir plus velpatasvir plus

voxilaprevir)
#3 #1 AND #2
Clinical SOF/VEL/VOX or sofosbuvir/velpatasvir/

Trials voxilaprevir

discretion according to relevant guidelines. (4)
Outcomes of study: the primary outcome was the
percentage of patients achieving SVR12. The
secondary outcome included any adverse events
(AEs) during treatment.

Studies were excluded according to the
exclusion criteria as follows: (1) studies with
irrelevant outcomes; (2) studies were published
as review, systematic review, meta-analysis, case
report, editorial, letter, news, or clinical trial; (3)
the number of patients included in the study
was < 10; (4) publications that were not in
English.

Data Extraction

Two reviewers (JX and BX) independently
screened the retrieved studies according to the
selection criteria. The full text of an article was
reviewed if one or both reviewers considered a
study potentially eligible. Two reviewers (JX
and BX) manually screened the reference lists of
retrieved articles to identify additional relevant
studies. We resolved discrepancies by consulta-
tion with a third party (WL). For each included
study, the following data were extracted inde-
pendently by two reviewers (JX and BX): first
author, publication year, country, population
demographics (mean age and sex percentage),
the sample size of the total cohort, genotype,
and the rate of RAS testing at baseline.

Efficacy outcome contained the overall
SVR12 rate of the intention-to-treat (ITT) pop-
ulation and the per-protocol (PP) population
[19]. ITT population was defined as all patients
who received at least one dose of SOF/VEL/
VOX; these patients had SVR12 data, stopped
treatment early, died during treatment, had
poor compliance, or were lost to follow-up. The
PP population was defined as the ITT popula-
tion excluding patients with incomplete data,
patients lost to follow-up during the study, or
patients with poor compliance. If the SVR12
rate in ITT population was 100%, then the
number of patients used to estimate SVR12 in
the ITT population was used in the PP popula-
tion [19]. SVR12 rates of different subgroups in
both ITT and PP populations were evaluated as
follows: HCV GT (GT1, 2, 3, 4, 5, or 6) and cir-
rhosis status, gender, and HCV treatment
experience (prior HCV treatment).

Safety outcomes were estimated based on the
incidence of any adverse events (AEs; any level),
any common AEs, any serious AEs (SAEs), or
withdrawal due to AEs. The cohort patients who
reported these data were included in the safety
population. The analysis of safety included only
the studies that reported these data [19].

Risk of Bias Assessment

Two researchers (JX, BX) assessed bias in non-
randomized studies using the Risk of Bias in

A\ Adis



Infect Dis Ther (2022) 11:1661-1682

1665

Nonrandomized Studies of Interventions
(ROBINS-I) tool [20]. The risk of bias was asses-
sed by considering the seven bias domains of
the ROBINS-I tool, as shown below: (1) bias due
to confounding; (2) bias in selection of partici-
pants into the study; (3) bias in classification of
interventions; (4) bias due to deviations from
intended interventions; (5) bias due to missing
data; (6) bias in measurement of outcomes; (7)
bias in selection of the reported result.

If the study had a low risk of bias in all areas,
the overall risk of bias was determined to be
low. If the study had some problems in at least
one area, it was considered to have a moderate
risk of bias. If the study was judged to have a
serious risk of bias in at least one area, or the
study was judged to have some problems in
multiple areas, which greatly reduced confi-
dence in the results, the risk of bias was con-
sidered to be serious [20]. When consensus
could not be reached, disagreements were
solved by consensus or through consultation
with the third senior examiner (WL).

Data Analysis

Descriptive tables that included data on popu-
lation characteristics, interventions, and out-
comes were created. The meta-analysis was
performed using Stata software (version 15.0)
and Revman Software (version 5.4). Excel 2016
was used for statistical analysis and data
arrangement. For the dichotomous results we
extracted, the results were expressed as the odds
ratio (OR) with a 95% confidence interval (95%
CI). The heterogeneity of the results across
studies was assessed with the I? statistic. If
P < 0.05 or I? > 50%, the random-effects model
was used; otherwise, the fixed effects model was
selected. The overall SVR12 rate was calculated
in a way that resembles a meta-analysis: each
study has conferred a weight, and the rate of
SVR12 in each study is adjusted according to the
weight that the study contributes to the overall
SVR12 rate. The weighted value of each study is
assigned by the software based on the sample
size of each study. The SVR12 values from the
different studies were pooled using the meta-
prop command in Stata software. All tests were

two-sided, and P < 0.05 was regarded as statis-
tically significant. Additionally, Egger’s and
Begg’s tests [21, 22] were used to evaluate pub-
lication bias together with a funnel plot. To
further confirm the overall results, a sensitivity
analysis was conducted by omitting one study
at a time to test the robustness of the study data.

RESULTS

Main Characteristics of the Studies
and Populations

Figure 1 shows the results of the systematic
publication review and screening process. A
total of 1796 HCV-infected patients were
examined in 15 studies [23-37], which were
selected among 466 screened articles. We
excluded 204 duplicate records by checking the
author name, publication date, and journal
title. Following the inclusion and exclusion
criteria previously described, 15 studies were
eligible, including 4 conference abstracts
[23-26] and 11 full articles [27-37]. The studies
were mainly conducted in eight countries: US
(n = 4), Canada (n = 3), Italy (n = 2), Australian
(n=1), England (n=1), France n=1), Ger-
many (n = 1), and Spain (n = 1), and there was 1
multi-country study included Germany, Italy,
and Spain. There were seven single-center
studies [23, 25-27, 32, 34, 37] and eight multi-
center studies [24, 28-31, 33, 35, 36]. A sum-
mary of the demographic and clinical
characteristics of the patients is presented in
Table 2. The results of the risk of bias are pre-
sented in Table 3.

Efficacy Analyses: The Overall SVR12 Rate
and by Subgroups

Of the 1796 patients included in the 15 studies,
SVR12 data from the ITT population (reported
in 11 studies, n = 1517) and the PP population
(reported in 10 studies, n = 1187) were both
included in the meta-analysis. Six studies
(n=908) [27, 29, 32-34, 36] reported SVR12
rate in both ITT and PP populations, and four
studies (n = 279) [24, 25, 28, 32] reported SVR12
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Fig. 1 PRISMA process flow of study selection

rate only in PP populations. SVR12 rates in the
individual cohorts ranged from 85 to 100% of
the ITT population (Fig. 2) and ranged from 90
to 100% of the PP population (Fig. 3). The fun-
nel plot of the meta-analysis in the ITT popu-
lation is available in Fig. 4. Egger’s (P = 0.902)
and Begg's tests (P = 0.755) both confirmed that
there was no statistically significant publication
bias.

The results from the meta-analysis showed
that the overall SVR12 rates with SOF/VEL/VOX
were 93% (95% CI 91-95, I* = 55.08%) in the
ITT population (n=1517) with heterogeneity
and 96% (95% CI 95-97, I = 0%) in the PP

(0
- Records identified from:
) PubMed (n=15)
"§ Embase (n=182) Records removed before screening:
::-; Cochrane Library 2=37) |——» Duplicate records removed (n=204)
5 Web of Science (n=214)
= ClinicalTrials.gov (n=18) Records excluded:
e Not related paper (n=110)
l Review (n=39)
— Systematic review or meta -analysis
Records screened (0=9)
—
(n=262) Editorial material (n=7)
Letter (n=3)
News (n=2)
v
g Reports sought for retrieval B Reporismotretievedy
§ (0=92) & Duplicate Publicaﬁon n=13)
2 Cost-effectiveness papers (n=2)
t‘l'; Guidelines or recommendation (n=1)
v
Reports assessed for eligibility _ | Reports excluded:
(0=76) " Clinical trial (n=36)
Not treatment experience patients
J (n=8)
Case report or study with less than
10 patients (n=16)
Not English paper (n=1)
§ Conference abstracts included (n=4)
% Full texts included (n=11)
=

population (n = 1187) with no heterogeneity.
To the same extent, the heterogeneity may
come from the study of Papaluca et al. [36],
because when excluding this study, the value of
I? decreased. The results of sensitivity analysis in
ITT population are listed in Table 4. The results
of sensitivity analysis showed that excluding
any study had little effect on the overall results,
suggesting that the results were stable.

SVR12 rate in the PP population was similar
to that in the ITT population for all GT sub-
groups (Fig. 5). The overall SVR12 rates of GT1
(n =879; 7 cohorts), GT2 (n =62; 5 cohorts),
GT3 (n=339; 7 cohorts), GT4 (n=47;, 4
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cohorts), and GT6 (n = 7; 3 cohorts) were 92%
" (95% CI 86-97), 97% (95% CI 89-100), 87%
w3 (95% CI 83-92), 97% (95% CI 88-100), and
g E 100% (95% CI 73-100), respectively (Fig.S).
3 Té . E There were insufficient published cohort data to
i = evaluate SVR12 rate for patients infected with
HCV GTS5, and the data of GT6 populations
sz were also very few in these study.
=S g In phase III trials, lower SVR12 rates were
SE| z observed in GT3-infected patients and cirrhotic
2 patients [13]. We performed a subgroup analysis
_g to compare the SVR12 rates of non-GT3-in-
5 < fected patients with GT3-infected patients and
that of non-cirrhotic patients with cirrhotic
g - v B patients. It showed that the SVR12 rates were
§: A significantly  higher in non-GT3-infected
S| 656556655 patients and non-cirrhotic patients than in
GT3-infected patients (OR =2.29, 95% CI
;&:\5 - - 1.23-4.27, P=0.009) and cirrthotic patients
e * (OR = 2.22, 95% CI 1.07-4.60, P = 0.03) (Figs. 6,
— 7). We also found that the SVR12 rate of
§ patients who had been treated with SOF/VEL
% previously was significantly lower than for
< A R those treated with other regimens in both ITT
g o £ and PP populations (P < 0.001) (Fig.8). Fur-
5 B 3 thermore, there was no significant difference in
> E & E the SVR12 rate between males and females in
. both ITT and PP populations (P > 0.5) (Fig. 9).
g
;g = . 3 Safety Analysis
£ . Safety data were summarized from 760 patients
. g & E with safety reports © cohorts)
g5l s g ° [23, 25, 28-30, 33-36], and any AEs were
reported in 228 patients (30%, Table 5). No
single AE was reported with a frequency > 10%.
g K . The most frequently reported AEs were head-
§ é —;Eb ache (8.29%, 5 cohorts), asthenia (5.53%, 1
© < = cohort), nausea (4.61%, S5 cohorts), fatigue
5 g 5 (4.47%, 4 cohorts), and diarrhea (3.95%, 4
gl = & = & cohorts). Twenty-nine (3.82%, 6 cohorts) SAEs
Al e . were reported including acute kidney injury,
3 liver decompensation, HCC, urothelial carci-
K < | = = noma, abdominal hernia, cholecystectomy,
Z2|&€ 2| S S acute-on-chronic liver failure, variceal bleeding,
"é . and hepatorenal syndrome, but not all these
o z = SAEs were drug-related. In total, five patients
‘: o g 5 (0.66%, 3 cohorts) discontinued treatment
g -.E _gﬁ ‘g “ because of an AE [29, 33, 36]: one patient
< [ &5
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%

Study ES (95% Cl) Weight
Patrick, et al (2019) E # 1.00 (0.85, 1.00) 351
Janjua, et al (2020) —:—0— 0.95 (0.91, 0.98) 1261
Belperio, et al (2019) —o—i 0.91 (0.88, 0.93) 16.27
Degasperi, et al (2019) —o—é— 0.91 (0.85, 0.94) 12.32
Pearlman, et al (2019) + 0.94(0.79,099) 458
Salazar, et al (2020) —E—o— 0.98 (0.88, 1.00) 6.08
Vermehren, et al (2020) —*—;— 0.92 (0.85, 0.96) 10.06
Da, et al (2021) «100(081,100) 298
Onofrio, et al (2021) —§—+— 0.96 (0.91, 0.99) 10.78
Papaluca, et al (2021) 0.85(0.76,091) 9.6
Smith, et al (2021) _ = 090(0.83,094) 1134
Overall (12 = 55.08%, p = 0.01) <> 093(0.91,095) 10000
7 5 1'
Fig. 2 The overall SVRI12 rate in the ITT population
%
Study ES (95% Cl) Weight
Onofrio F., et al (2019) - : 0.95 (0.88, 0.99) 6.67
Hezode, et al (2019) o 095(085,099) 373
Belperio, et al (2019) —o—é— 0.95 (0.93, 0.97) 42.49
Llaneras, et al (2019) —05— 0.95 (0.90, 0.98) 11.37
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Pisaturo, et al (2020) : + 1.00 (0.84, 1.00) 1.80
Papaluca, et al (2021) é 0.90 (0.82, 0.95) 7.68
Brown, et al (2019) : +100(0.85,1.00) 1.9
Da, et al (2021) ; + 1.00 (0.81, 1.00) 1.55
Overall (1"2 =0.00%, p =.) <> 0.96 (0.95, 0.97) 100.00
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8

Fig. 3 The overall SVRI12 rate in the PP population
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Fig. 4 The funnel plot of the meta-analysis in the ITT population

Table 4 Sensitivity analysis by omitting one study at a time in the ITT population

Study Overall SVR12 95% CI P pr
Brown et al. [23] 93% 90-95 53.14% 0.02
Janjua et al. [26] 93% 90-95 51.88% 0.03
Belperio et al. [27] 94% 91-96 57.09% 0.01
Degasperi et al. [29] 94% 91-96 58.28% 0.01
Pearlman et al. [30] 93% 91-96 59.57% 0.01
Salazar et al. [31] 93% 90-95 54.78% 0.02
Vermehren et al. [33] 94% 91-96 59.51% 0.01
Da et al. [34] 93% 90-95 55.09% 0.02
Onofrio et al. [35] 93% 90-95 51.75% 0.03
Papaluca et al. [36] 94% 92-96 44.32% 0.06
Smith et al. [37] 94% 91-96 57.07% 0.01
underwent liver transplantation at week 10 [29]; DISCUSSION

one patient died of liver failure 2 months after
treatment discontinuation [33]; two patients
had abdominal pain and one deteriorating renal
function [36].

Real world studies provide valuable information
for the treatment efficacy and safety in general
clinical practice; however, compared with
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Fig. 5 The overall SVRI12 rate of different genotypes in ITT and PP population

non-GT3 GT3 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Belperio, et al (2019) 459 505 42 46 19.7% 0.95[0.33, 2.77) —
Degasperi, et al (2018) 129 137 33 42 20.6% 4.40[1.58,12.27) —
Janjua, et al (2020) 17 121 57 62 14.6% 2.57 [0.66, 9.92) e
Onofrio, et al (2021) 86 88 36 39 9.3% 3.58 [0.57, 22.36) e
Papaluca, et al (2021) 23 27 58 70 16.4% 1.07[0.31,3.71) e
Pearlman, et al (2019) 12 13 17 18 43% 0.71 [0.04,12.43)
Smith, et al (2021) 79 82 50 62 15.2% 6.32[1.70, 23.51) B —
Total (95% Cl) 973 339 100.0% 2.29[1.23,4.27] o
Total events 905 294
Heterogeneity: Tau®= 0.22; Chi*= 8.78, df= 6 (P = 0.19); F= 32% 0 o 0*1 1*0 100*
Test for overall effect: Z= 2.60 (P = 0.009) ’ Favouré [non-GT3] Favours [GT3]

Fig. 6 The overall SVR12 rate of non-GT3-infection versus GT3-infection in ITT population

non-cirrhosis cirrhosis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% ClI M-H. Random, 95% CI
Belperio, et al (2019) 328 358 173 193 455% 1.26 [0.70, 2.29) ——
Janjua, et al (2020) 160 166 22 25 18.1% 3.64 [0.85,15.59] T %
Onofrio, et al (2021) 70 72 53 56 12.8% 1.98[0.32,12.28) I
Smith, et al (2021) 82 86 47 58 23.6% 4.80[1.45,15.92) L —
Total (95% Cl) 682 332 100.0% 2.22[1.07,4.60] .
Total events 640 295
Heterogeneity: Tau®= 0.21; Chi*= 4.83, df=3 (P = 0.18); "= 38% '0.01 011 1'0 100’

Testfor overall effect: 2= 215 (P = 0.03) Favours [non-cirrhosis] Favours [cirrhosis)

Fig. 7 The overall SVR12 rate of non-cirrhosis versus cirrhosis in ITT population
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SOF/VEL others Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
1.8.1 ITT populations
Belperio, et al (2019) 40 48 525 584 24.2% 0.56 [0.25, 1.26) —
Janjua, et al (2020) kal 35 92 93 10.5% 0.08[0.01,0.79) €
Onofrio, et al (2021) 12 17 117 127 14.8% 0.21 [0.06, 0.70) = -
Smith, etal (2021) 20 27 150 164 20.0% 0.27[0.10,0.74) e
Subtotal (95% CI) 127 968 69.6%  0.33[0.20, 0.55] g
Total events 103 884

Heterogeneity: Chi*= 3.86, df= 3 (P = 0.28); F=22%
Test for overall effect. Z= 4.18 (P < 0.0001)

1.8.2 PP populations

Belperio, et al (2019) 38 45 504 535 22.2% 0.33[0.14,0.81) .
Onofrio F., et al (2019) 14 (7 56 57 8.3% 0.08[0.01,0.86) ¢

Subtotal (95% ClI) 62 592 30.4%  0.27[0.12,0.59] -
Total events 52 560

Heterogeneity: Chi*=1.20, df=1 (P=0.27); F=17%
Test for overall effect: Z= 3.27 (P = 0.001)

Total (95% CI) 189 1560 100.0% 0.31 [0.20, 0.48] ’
Total events 155 1444

Heterogeneity: Chi*=5.17, df=5 (P = 0.40); F= 3%

Test for overall effect: Z=5.27 (P < 0.00001)

Test for subaroun differences: Chi*=0.19. df=1 (P = 0.66). F=0%

0.01 0.1 1 10 100
Favours [SOF/VEL] Favours [others]

Fig. 8 The overall SVRI12 rate of patients who had been treated with SOF/VEL previously versus those treated with other
regimens

male female Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed. 95% CI
1.7.1 ITT populations
Belperio, et al (2019) 485 545 6 6 8.0% 0.75[0.04,13.59)
Onofrio, etal (2021) 97 102 26 26 15.1% 0.33[0.02, 6.24) -
Smith, etal (2021) 110 121 18 22 18.7% 2.22[0.64,7.74) S
Subtotal (95% Cl) 768 54 41.8%  1.26[0.45, 3.48] i
Total events 702 50

Heterogeneity: Chi*=1.70, df=2 (P=0.43); F=0%
Test for overall effect: Z= 0.44 (P = 0.66)

1.7.2 PP populations

Belperio, et al (2019) 95 101 33 34 19.8% 0.48 [0.06, 4.13]

Degasperi, et al (2019) 68 76 14 15 16.6% 0.61 [0.07, 5.25]

Llaneras, etal (2019) 118 124 43 45 17.2% 1.11[0.21,5.92) S
Papaluca, et al (2021) 474 500 6 6 46% 1.38([0.08, 25.11)

Subtotal (95% CI) 801 100 58.2%  0.77[0.27,2.19] -
Total events 756 96

Heterogeneity: Chi*= 0.57, df= 3 (P = 0.90); F= 0%
Test for overall effect: Z= 0.49 (P = 0.63)

Total (95% Cl) 1569 154 100.0%  0.98 [0.47,2.02] <
Total events 1458 146

Heterogeneity: Chi*= 2.89, df=6 (P = 0.82); F= 0%

Test for overall effect: Z= 0.07 (P = 0.95)

Test for suharoun differences: Chi*=0.43. df=1 (P=0.51. F=0%

0.01 0.1 1 10 100
Favours [male] Favours [female]

Fig. 9 The overall SVRI12 rate of male versus female patients

patients participating in clinical trials, these doctors, decision-makers, and payers and are an
patients are more heterogeneous and more important supplement to the results of clinical
inclusive of marginalized populations [38]. trials [19]. The results of this meta-analysis show

They provide valuable information for patients, that SOF/VEL/VOX is an effective and well-
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Table 5 Safety data in each study

Study Population ~ SAEs Other AEs
()

Brown et al. [23] 22 3* Headaches and fatigue, which were all reported as
self-limiting

Onofrio et al. [24] 79 Not reported Not reported

Hezode et al. [25] 44 3 Not reported

Janjua et al. [26] 191 Not reported Not reported

Belperio et al. [27] 551 Not reported Not reported

Llaneras et al. [28] 131 1° Headache (z = 47)

Asthenia (7 = 42)
Diarrhea (16)
Nausca (16)
Degasperi ct al. 179 114 Fatigue (» = 11)
(29] Hyperbilirubinemia (7 = 11)
Anemia (z = 8)
Nausea (z = 3)
Headache (z = 1)
Pearlman et al. 31 Not reported Fatigue (» = 5)
[30] Headache (# = 3)
Nausea (z = 2)
Diarrhea (2 = 2)

Salazar et al. [31] 46 Not reported Not reported

Pisaturo et al. [32] 21 Not reported Not reported

Vermehren et al. 110 6° Fatigue (7 = 15)
[33] Headache (z = 11)

Nausea (z = 10)
Diarrhea (z = 10)

Da et al. [34] 18 Not reported No AEs
Onofrio et al. [35] 128 No SAE:s related to SVV were Not reported
reported
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Table 5 continued

Study Population  SAEs Other AEs
(N)
Papaluca et al. 97 sf Nausea (z = 4)
(36]

Smith et al. [37] 144 Not reported

Fatigue (n = 3)
Abdominal pain (7 = 2)
Diarrhea (n = 2)
Headache (z = 1)
Vertigo (n = 1)

Weight gain (2 = 1)
Mood disturbance (z = 1)

Not reported

AE adverse event, SAE serious adverse event, » number of patients with AE, N the total number of patients included in
cohorts reporting AE data, SV'V sofosbuvir/velpatasvir/voxilaprevir

“Three patients developed acute kidney injury (defined as a rise in serum creatinine > 0.3 mg/dl from pretreatment lab
tests). Two of the three patients had a renal recovery by the end of treatment completion with a return to pretreatment
serum creatinine levels, while the other patient’s serum creatinine remained elevated at SVR12

®Three SAEs were reported in two patients. Liver decompensation and HCC were reported in one patient with Child B8
score at the initiation of antiviral treatment. One HCC was observed in one patient classified Child A6 at baseline
“One patient developed de novo multicentric HCC and died during the study before achieving SVR12

dEleven SAEs occurred in eight patients, not drug related in all cases: HCC development (de novo HCC 7 = 6, recurrent
HCC 7 = 1), liver transplantation for HCC indication in compensated cirrhosis (7 = 2), hip fracture (» = 1), and death
(n=1)

“Six SAEs were reported from six patients and included urothelial carcinoma, abdominal hernia, cholecystectomy, acute-on-
chronic liver failure, variceal bleeding, and hepatorenal syndrome. Three out of ten patients with decompensated cirrhosis

experienced SAEs

fHepatic decompensation (7 = 3), death (7 = 1), deteriorating renal function (7 = 1)

tolerated salvage therapy for patients with HCV
infection who had previous treatment failures
in the real world.

Of the 1796 patients in our study, 1517 were
included in the ITT population, and 1187 were
included in the PP population. This change in
the number of patients was because four studies
[24, 25, 28, 32] did not report on the ITT pop-
ulations at all, and six studies
[23, 27, 29, 33, 34, 36] reported on both ITT and
PP populations. According to ROBINS-I criteria
[20], most studies were deemed to have an
overall risk of bias rating of moderate risk.
Sensitivity analysis showed that these risks had
little influence on our results, indicating that
our results were relatively stable.

Although the pooled rate of SVR12 in the ITT
population was 93%, there was heterogeneity
(I? = 55.08%), which may have come from the
study of Papaluca et al. [36], since, when
excluding this study, the heterogeneity
decreased to a low level (I* = 44.32%). This may
be because the study included patients who
were notable for “difficult-to-cure” characteris-
tics [36]. The cohort included a high prevalence
rate of cirrhosis (78%) and HCV GT3-infected
patients (72%), the majority with portal hyper-
tension (PHT) (61%) [36], which was signifi-
cantly higher than in phase III clinical trials and
most other real world studies of SOF/VEL/VOX
we included.
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In the era of DAAs, the treatment of patients
with GT3 infection remains a clinical challenge
[39]. In some studies, GT3-infected patients and
patients with cirrhosis remain difficult to treat
[40, 41]. Due to the small sample size of GT3
and cirrhotic patients in the PP population, we
only conducted subgroup analysis of GT3 and
cirrhosis in the ITT population; however, the
SVR12 rate may be higher when the PP popu-
lation is added. In our research, the SVR12 rate
of patients with HCV GT3 infection was lower
than with other genotypes, suggesting that
patients with GT3 infection have a higher risk
of virologic relapse than those with other
genotypes. The SVR12 rate was found to be
lower in patients with cirrhosis than without in
two phase III clinical trials [13]. Many real world
studies find high SVR12 rates following DAA
therapy in patients with cirrhosis, but some of
them also suggested differences from those
without cirrhosis [42-44]. In the course of our
research, we also found that the SVR12 rate was
lower in cirrhotic patients than in those with-
out. Adding weight-based ribavirin to SOF/VEL/
VOX in GT3 patients with cirrhosis who had
failed with an NSSA inhibitor-based regimen to
minimize the risk of recurrence was recom-
mended in current AASLD guidelines [8]; how-
ever, the level of evidence and strength of the
recommendation were just Ila and C, respec-
tively. In this meta-analysis, RBV was added in 9
studies [24-26, 29, 31, 33-36] of 157 (8.74%)
patients because of treatment needs. Limited by
small populations, we did not perform a sub-
group analysis of RBV. The necessity of using
RBV can be further discussed in future studies.

The study of Pabjan et al. [45] also demon-
strated that in addition to GT3-infected and
cirrhotic patients, male sex and treatment
experience significantly reduced the chances of
virologic response. However, in our study, there
was no significant difference in the SVR12 rate
between males and females in both the ITT and
PP populations. This may be due to the higher
proportion of male sex (79.68%) in these
real world studies. Also, it was found that
patients with prior SOF/VEL treatment experi-
ence had a lower incidence of SVR12 rate in
some studies [27, 28, 35, 37]. Due to the diver-
sification of previous treatment and limited

data, we just selected the subgroup of patients
with SOF/VEL treatment experience for further
analysis. Our research also found that the
SVR12 rates of patients who had SOF/VEL
treatment failure were significantly lower than
in patients with other regimens in both ITT and
PP populations (P < 0.001). However, it is not
clear why the SVR12 rate of patients receiving
SOF/VEL/VOX retreatment who had failed the
treatment with SOF/VEL was worse than for
those who failed a different regimen. Since SOF/
VEL includes two of the three components in
SOF/VEL/VOX, any factors related to the failure
of SOF/VEL treatment may also affect the effect
of at least two of the three components in SOF/
VEL/VOX [27]. We think this is precisely the
reason so may wish to clarify this hypothesis or
expand upon it.

In our study, resistance testing was not
available in all studies; some studies also
showed that there was no significant difference
in the incidence of SVR12 between patients
with and without RASs records [28]. According
to the analysis of patients included in the phase
III clinical trials, baseline RASs did not affect the
SVR of patients with DAA experienced after
12 weeks of treatment with SOF/VEL/VOX [46].
Although pretreatment RAS testing was recom-
mended in some situations in AASLD guideli-
nes, since whether RASs had been done or not
had no effect on the overall SVR12 rate of
patients, baseline RAS testing was not recom-
mended before using SOF/VEL/VOX according
to AASLD guidelines [8]. The rates of RAS testing
at baseline were recorded in ten studies
[24, 28-32, 34-37]. Only two studies [31, 32]
had a 100% baseline RAS testing rate. Since
most studies did not have data on the correla-
tion between RAS testing and SVR12 rate, we
did not perform a subgroup analysis of RASs.

Because VEL and VOX are substrates of the
CYP450 system, SOF, VEL, and VOX are all
substrates of the P-glycoprotein drug trans-
porter [9]. Drugs such as P-glycoprotein induc-
ers and/or CYP2B6, CYP2C8, or CYP3A4
inducers may significantly reduce the plasma
concentrations of any of the three drugs in SOF/
VEL/VOX, thus reducing the therapeutic effect
of SOF/VEL/VOX [47]. The combination of
these drugs with SOF/VEL/VOX is not
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recommended [9, 47]. Only two studies [33, 36]
included mentioned drug interactions about
SOF/VEL/VOX, in which only three patients
received drugs not recommended for use with
SOF/VEL/VOX. One patient received an
OATP1B1 inhibitor eltrombopag, which may
increase the risk of elevated ALT due to
increased VOX plasma concentration [33]. The
second patient received simvastatin, which may
increase the concentration of simvastatin due to
the inhibition of BCRP by VEL [33]. The third
participant [36] was prescribed a proton-pump
inhibitor used with SOF/VEL/VOX, but no
detailed drug name was recorded. None of them
showed safety signals potentially related to
drug-drug interactions (DDIs) [33, 36].

In this meta-analysis, the tolerance of SOF/
VEL/VOX was similar to that reported in the
POLARIS trials [13]. Headache, asthenia, diar-
rhea, fatigue, and nausea were the most com-
monly reported AEs [9, 13, 48, 49]. However, in
our study asthenia was only reported in one
study [28] with an incidence of 5.53%, which in
the POLARIS-1 trials was 8% [50]. In our study,
only 0.66% of patients terminated treatment
because of AEs, which was 1% or less in clinical
trials. The safety results were consistent with
those in clinical trials.

To the best of our knowledge, this is the first
meta-analysis reporting the effectiveness and
safety of SOF/VEL/VOX as a hepatitis C virus
infection salvage therapy for patients with pre-
vious treatment failures in the real world.
Although our study was strictly conducted
based on the PRISMA guidelines, this meta-
analysis has several limitations to be noted.
First, the major limitation of this study is the
small number of included studies. Even though
comprehensive search strategies were per-
formed, only 15 studies met our inclusion cri-
teria. However, we still believe this to be a
comparatively large sample size as HCV treat-
ment failures were an uncommon event since
the average failure rate with DAA treatment is <
5% [51, 52]. Second, we included papers pub-
lished as both conference abstracts and full
papers, which may have led to a lack of con-
sistency. Only the overall SVR12 results were
reported in the conference abstracts, and most
lacked SVR12 data for each subgroup. Third, the

level of detail reported across the individual
studies and the characteristics of the patients
were inconsistent. Since the approval of SOF/
VEL/VOX for the treatment of HCV-infected
patients who have previously had treatment
failure was < 5 years at the beginning of our
study, the real world studies were relatively
limited. Insufficient data were available to ana-
lyze the SVR12 rate in GTS5-infected popula-
tions; although there were GTé6-infected
population data, the number of patients was
only seven, which was relatively too small to
analyze. In a phase III clinical trial, patients
coinfected with HBV or HIV and those with
decompensated cirrhosis were excluded; how-
ever, patients in the real world often have
multiple complications. Most patients in the
studies we included were coinfected with HIV
and cirrhosis, or even decompensated cirrhosis;
some even had HCC before the treatment
began, and only two studies excluded the
patients with decompensated cirrhosis (Child-
Pugh score B or C) [34, 36]. This may lead to
different results from clinical trials. Further-
more, most of the studies included in our
research were from western countries, and the
data on populations in Asia and other countries
were lacking, which may be related to the lim-
ited marketing region of this drug. More
national and ethnic research is needed for fur-
ther study.

CONCLUSION

In conclusion, the results of this meta-analysis
demonstrate that the real world effectiveness
and safety of SOF/VEL/VOX in 1796 patients
were consistent with those observed in clinical
trials. Furthermore, real world evidence indi-
cates that SOF/VEL/VOX is a highly effective
and well-tolerated salvage therapy option for
previous treatment failure in HCV-infected
patients. However, there is still a risk of treat-
ment failure for patients with GT3 infection,
cirrhosis, or those with SOF/VEL treatment
failure. More national and ethnic research is
needed for further study.
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