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Effectiveness of generic direct-acting agents for the treatment of
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Objective To compare the efficacy of generic direct-acting agents and brand-name medicines for treating hepatitis C virus (HCV) infection
by conducting a systematic review and meta-analysis.

Methods We searched online databases for studies that reported sustained virological responses 12 weeks after the end of HCV treatment
with generic direct-acting agents. We derived pooled proportions of treated patients with a sustained virological response from intention-
to-treat and per-protocol analyses. In addition, we calculated the pooled relative risk (RR) of a sustained virological response brand-name
versus generic direct-acting agents using a random-effects model (DerSimonian—Laird) from the data available. Between-study heterogeneity
was assessed using the F statistic.

Findings We identified 19 studies involving a total of 57433 individuals from eight territories or regions. The pooled overall proportions of
patients with a sustained virological response were 98% (95% confidence interval, Cl: 97-99; 18 studies; *=94.1%) in per-protocol analyses
and 96% (95% Cl: 93-98; 8 studies; I’=68.1%) in intention-to-treat analyses. The likelihood of a sustained virological response with brand-
name medicines was similar to that with generic direct-acting agents (RR: 1.00; 95% Cl: 0.98-1.02; #=0.0%). The likelihood of a sustained
virological response was significantly higher in patients without than with cirrhosis (RR:1.03; 95% Cl: 1.01-1.06; 7 studies) but was not
significantly affected by either previous treatment (3 studies) or human immunodeficiency virus coinfection (3 studies).

Conclusion Generic direct-acting agents are highly effective for treating hepatitis C. Generic agents should be considered in resource-
constrained settings for decreasing the burden of liver disease in HCV-infected patients.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

An estimated 70 million people worldwide are chronically
infected by the hepatitis C virus (HCV).! The clinical pre-
sentation of HCV infection can vary from minimal fibrosis
to cirrhosis and its complications.” The disease is one of the
most frequent reasons for liver transplantation and more than
1 million deaths were due to HCV infection in 2013,’ most of
which were related to cirrhosis and hepatocellular carcinoma.*
A sustained virological response to treatment has been asso-
ciated with lower rates of liver-related complications,’ better
quality of life,® and a shorter waiting list for liver transplanta-
tion among patients with chronic hepatitis C.”

The introduction of direct-acting antiviral agents has
revolutionized the treatment of chronic hepatitis C - all-
oral, interferon-free regimens have been shown to be highly
effective.® In 2016, the World Health Organization (WHO)
outlined strategies for eliminating HCV infection and for
reducing the number of viral hepatitis-related deaths by 65%
by 2030.* However, the use of direct-acting agents has had a
substantial economic impact in several countries due to high
drug costs. Nevertheless, the adoption of a test-and-treat-all
strategy is cost—effective and has been shown to be essential
for reaching global treatment goals.” Access to direct-acting
agents varies widely across the world.!’ Several countries have
provided access with minimal co-payments or have negotiated
large discounts with the pharmaceutical industry to provide
universal treatment for everyone living with HCV.!! Despite
the availability of highly effective therapeutic regimens, how-
ever, WHO’s target of eliminating HCV infection by 2030 will
probably be difficult to achieve for several reasons, including:

(i) the high rate of new infections; (ii) HCV-infected individu-
als remaining untreated due to a lack of screening; (iii) patent
restrictions that affect generic medicines; and (iv) the high
price of direct-acting agents in middle-income countries
with large HCV epidemics.'? Generic versions of direct-acting
agents could be provided at a much lower cost than brand-
name medicines and could contribute to eradicating HCV
infection in coming years. Optimally, generic HCV direct-
acting agents should be prequalified by WHO."

Our hypothesis was that generic direct-acting agents are
highly effective for the treatment of HCV infection. Although
observational studies have reported on the effectiveness and
safety of generic direct-acting agents in recent years, pooled
effectiveness data from published studies is lacking. In this
analysis, we estimated the pooled proportions of patients
treated with generic direct-acting agents who had a sustained
virological response, both with and without comparison with
brand-name medicines.

Methods

We performed a systemic search of the PubMed®, Embase®,
Scopus and LILACS (Literatura Latino Americana em Ciéncias
da Satide) databases to 31 August 2018, without language re-
strictions. The search string was: [“sofosbuvir” OR “sovaldi”
OR “simeprevir” OR “olysio” OR “daclatasvir” OR “daklinza”
OR “ledipasvir” OR “harvoni” OR “elbasvir” OR “grazoprevir”
OR “zepatier” OR “velpatasvir” OR “epclusa” OR “direct-acting
agents”] AND [“hepatitis C” OR “HCV”] AND [“Generic” OR
“Drug substitution” OR “Therapeutic equivalency”]. Table 1,
Table 2 and Box 1 describe the study inclusion and exclusion
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criteria. The search strategy is described
in detail in the data repository.** Briefly,
we searched for randomized or open-
label clinical trials or real-life cohort
studies that evaluated the effectiveness
of generic direct-acting agents in people
chronically infected by HCV, with or
without comparison with brand-name
medicines. In addition, we manually
searched the reference lists of included
articles and relevant systematic reviews.
This systematic review and meta-
analysis was registered on PROSPERO
(CRD42019117610)."

Two independent reviewers
screened the titles and abstracts of all
articles identified for eligibility using the
Rayyan QRCI web application and a list
of inclusion and exclusion criteria.'® A
response to treatment was defined as a
sustained virological response 12 weeks
after the end of treatment. We excluded
conference papers, editorials, published
letters, studies in children or adolescents
younger than 18 years, studies that ex-
clusively evaluated the effectiveness of
brand-name direct-acting agents and
studies that did not report sustained
virological response data.

Two investigators extracted the fol-
lowing data from the full text of each in-
cluded study and entered them in a case
report form using the database applica-
tion REDCap (Research Electronic Data
Capture):"” study design, study country,
period of recruitment, participants’
demographic characteristics, direct-
acting agent regimens used, duration of
direct-acting agent treatment, previous
treatment, presence of cirrhosis, pres-
ence of human immunodeficiency virus
(HIV) coinfection, country of manu-
facture of generic direct-acting agents,
trade names of generic direct-acting
agents and the proportions of patients
with sustained virological response
from per-protocol or intention-to-treat
analyses or both. This systematic review
and meta-analysis was performed in ac-
cordance with the Preferred Reporting
Items for Systematic reviews and Meta-
Analyses statement."®

The quality of the studies included
was appraised using the National Insti-
tute of Health’s quality assessment tool
for observational cohort and cross-
sectional studies.”” This tool’s 14-item
checklist was designed to focus on fac-
tors important for evaluating a study’s
internal validity. Studies were rated as
being of good, fair or poor quality. Those
with 0 to 6, 7 to 10, or 11 or more “yes”
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Table 1. Study inclusion criteria, systematic review and meta-analysis of generic direct-
acting agents for treating hepatitis C

Characteristic Inclusion criterion

Notes

Study People living with a
population chronic HCV infection
Study Treatment of HCV

infection using generic
direct-acting agents

intervention

Comparison Either: (i) brand-name
treatment direct-acting agents for
HCV infection; or (i) no
comparator treatment
Study outcome  Sustained virological
response 12 weeks after
the end of treatment
Study design Randomized or open-

label clinical trials and
real-life cohort studies

None

Table 2 lists eligible drugs and their licensed
doses and Box 1 lists eligible treatment
regimens

The following study types were excluded:

(i) studies of HCV prevalence or screening; and
(if) clinical trials or cohort studies that evaluated
the effectiveness of brand-name direct-acting
agents only

The outcome used in intention-to-treat and
per-protocol analyses was the eradication

of HCV virus, as indicated by a sustained
virological response 12 weeks after the end of
treatment

The following study types were eligible

for inclusion: (i) randomized or open label
clinical trials that compared the effectiveness
of generic and brand-name direct-acting
agents for the treatment of HCV infection;

and (i) cohort studies that reported the
effectiveness of generic direct-acting agents for
HCV eradication

HCV: hepatitis C virus.

Table 2. Eligible drugs, systematic review and meta-analysis of generic direct-acting

agents for treating hepatitis C

Drug Formulation Brand name
Sofosbuvir Tablets containing 400 mg Sovaldi®
Simeprevir Capsules containing 150 mg Olysio®
Daclatasvir Tablets containing 30 or 60 mg Daklinza®
Sofosbuvir-ledipasvir Tablets containing 400 mg of sofosbuvir and Harvoni®
combination 90 mg of ledipasvir

Sofosbuvir-velpatasvir ~ Tablets containing 400 mg of sofosbuvir and Epclusa®
combination 100 mq of velpatasvir

Grazoprevir—elbasvir Tablets containing 100 mg of grazoprevir and Zepatier®
combination 50 mg of elbasvir

Box 1.Eligible drug treatment regimes, systematic review and meta-analysis of generic
direct-acting agents for treating hepatitis C, 2019

- Sofosbuvir and daclatasvir, with or without ri
- Sofosbuvir and simeprevir, with or without ri
- Sofosbuvir—daclatasvir combination, with or

bavirin for 12 or 24 weeks.
bavirin for 12 or 24 weeks.
without ribavirin for 12 or 24 weeks.

- Sofosbuvir-ledipasvir combination, with or without ribavirin for 8 or 12 weeks.

- Sofosbuvir-velpatasvir combination, with or
- Grazoprevir—elbasvir combination, with or w

without ribavirin for 12 weeks.
ithout ribavirin for 12 weeks.

responses to the 14 items were consid-
ered as having a high, moderate or low
risk of bias, respectively.

Statistical analysis

Our primary outcome was the pooled
proportions of treated patients with
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sustained virological response for
generic direct-acting agents, reported
with a 95% confidence interval (CI).
In addition, where data were avail-
able, we performed a meta-analysis of
proportions using a random-effects
model (i.e. the DerSimonian-Laird
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method) to calculate the pooled rela-
tive risk (RR) of a sustained virological
response with brand-name compared
with generic direct-acting agents.
Between-study heterogeneity was as-
sessed using the I? statistic: an I? value
of 25- <50%, 50-75%, and >75% was
considered to indicate mild, moderate
or severe heterogeneity, respectively.”
We performed subgroup analyses to
explore how the following variables
affected the pooled proportions of
sustained virological response and het-
erogeneity: (i) the presence of cirrhosis;
(ii) previous treatment; and (iii) the
presence of an HIV-HCV coinfection.
In addition, we performed sensitiv-
ity analyses to evaluate the impact of
the study’s geographical location and
quality on the sustained virological
response proportions and heteroge-
neity. A P-value <0.05 was regarded
as significant. All statistical analyses
were conducted using the metan and
metaprop procedures in Stata v.14
(StataCorp LP,, College Station, United
States of America).?"*

Results
Study characteristics

The database and manual searches
identified 341 and 4 records, respec-
tively. Subsequent screening of titles
and abstracts led to 19 studies being
eligible for inclusion in the meta-
analysis (Fig. 1).2™*! These 19 pub-
lished full articles reported sustained
virological response proportions for
generic direct-acting agents in a total
of 57433 individuals and all except
one were published in English.*® The
studies were performed in seven ter-
ritories — Egypt (seven studies), India
(three studies), China (four studies),
the Islamic Republic of Iran (two stud-
ies), Argentina (one study) and Chile
(one study) - and one was a multi-
regional study in Australia, eastern
Europe and South-East Asia (Table 3;
available at: http://www.who.int/
bulletin/volumes/98/3/19-231522).
Four studies compared the effec-
tiveness of generic and brand-name
direct-acting agents.****>?% Patients
were treated with generic versions of:
(i) sofosbuvir and ribavirin; (ii) so-
fosbuvir and daclatasvir, with or
without ribavirin; (iii) sofosbuvir and
ledipasvir, with or without ribavirin;

190

Hugo Perazzo et al.

Fig. 1. Study selection flowchart, systematic review and meta-analysis of generic direct-

acting agents for treating hepatitis

570 records identified in database search:

177 PubMed®
174 Embase®
108 Scopus
111 LILACS
> 229 duplicates removed
\/

341 titles and abstracts screened

4 additional
records identified

\

324 records excluded

« 4 patients without HCV infection

« 147 only non-generic direct-acting
agents used

« 82 sustained virological response?
not reported

« 55excluded study design

« 34 conference paper

21 full texts assessed

« 2 editorial or letter

\

—_—  »

2 excluded on full text assessment
« 1adolescent study

19 studies included

« 1sustained virological response? not reported

HCV: hepatitis C virus.

¢ Asustained virological response 12 weeks after the end of treatment.

or (iv) sofosbuvir and velpatasvir.
Cirrhosis was identified by liver
biopsy, liver stiffness measurement,
serological biomarkers, clinical signs
or imaging. Generic direct-acting
agents originated from Egypt (nine
studies), India (seven studies), the
Islamic Republic of Iran (two studies),
Argentina (one study) and Bangla-
desh (two studies), though one study
had multiregional sources (Table 4;
available at: http://www.who.int/
bulletin/volumes/98/3/19-231522).
Study quality was good in 37% (7/19),
fair in 26% (5/19) and poor in 37%
(7/19) and the risk of bias was low in
37% (7/19), moderate in 52% (10/19)
and high in 11% (2/19). Three studies
used WHO prequalified medicines
or medicines listed for use in mass-
treatment programmes by the Expert
Review Panel of the Global Fund to
Fight AIDS, Tuberculosis and Malaria
(Table 4).* In addition, another three
studies used generic direct-acting
agents whose bioequivalence with the
original versions had previously been

demonstrated in pharmacokinetics
studies.

Sustained virological response
Overall

The pooled proportion of patients with
sustained virological response for ge-
neric direct-acting agents overall was
98% (95% CI: 97-99; I’=94.1%) in per-
protocol analyses (18 studies including
57249 patients; Fig. 2) and 96% (95%
CI: 93-98; I’=68.1%) in intention-
to-treat analyses (8 studies including
1420 patients; Fig. 3). The likelihood of
a sustained virological response with
brand-name medicines was similar to
that with generic direct-acting agents
(RR: 1.00; 95% CI: 0.98-1.02; ’=0.0%)
in the four studies (including 1026
patients) that compared the two types
of direct-acting agent (Fig. 4). Among
the 55788 patients treated with sofos-
buvir and daclatasvir, with or with-
out ribavirin, the pooled proportion
was 98% (95% CI: 97-99; I=96.1%)
in per-protocol analyses (Fig. 5; avail-
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Fig. 2. Sustained virological response to hepatitis C treatment by generic direct-acting agents, per-protocol analysis, systematic review

and meta-analysis, 2019

Author, year Treated Sustained virological % Sustained virological

(no.) response?® (no.) Weight response?, % (95% Cl)
Yakoot et al. 2016 48 46 3.10 96 (86-99)
Hill etal. 2017 250 247 6.90 —i 99 (97-100)
Meratetal. 2017 94 92 4.65 —_ 98 (93-99)
Nagral etal. 2017 29 29 215 100 (88—100)
Sharafi et al. 2017 30 29 2.2 97 (83-99)
Vargas et al. 2017 26 25 198 96 (81-99)
Yakoot et al. 2017 118 17 5.20 — 99 (95-100)
Zengeetal. 2017 187 186 6.28 — 99 (97-100)
Abozeid et al. 2018 395 388 1.74 — 98 (96-99)
El-Nahaas et al. 2018 133 133 549 —— 100 (97-100)
Elsharkawy etal. 2018 36186 35363 9.76 " 98 (98-98)
Guptaetal. 2018 393 376 1.73 —— 96 (93-97)
Kumar etal. 2018 Al Al 397 —_— 100 (95-100)
Livetal. June 2018 226 223 6.70 %ﬂ 99 (96-100)
Liu et al. September 2018 508 493 8.12 —— 97 (95-98)
Lietal. 2018 137 135 5.56 e 99 (95-100)
Omar et al. 2018 18378 7473 9.73 L 95 (95-95)
Shousha etal. 2018 40 39 273 98 (87-100)
Overall (P = 94.1%, P = 0.00) 100.00 98 (97-99)

T T T
80 90 100
%

Cl: confidence interval.

¢ Asustained virological response 12 weeks after the end of treatment.

Fig. 3. Sustained virological response to hepatitis C treatment by generic direct-acting agents, intention-to-treat analysis, systematic

review and meta-analysis, 2019

Author, year Treated Sustained virological % Sustained virological
(no.) response® (no.) Weight response?, % (95% Cl)
Yakoot et al. 2016 50 46 8.14 92 (81-97)
Merat et al. 2017 100 92 1161 92 (85-96)
Nagral etal. 2017 29 29 571 100 (88—100)
Yakoot et al. 2017 120 17 12.50 —_——— 98 (93-99)
Zengetal. 2017 192 186 14.60 ———— 97 (93-99)
Liuetal. June 2018 228 223 15.28 - 98 (95-99)
Liu et al. September 2018 517 493 17.74 —— 95(93-97)
Marciano et al. 2018 184 164 14.42 —_——————— 89 (84-93)
<>
Overall (¥ = 68.1%, P = 0.00) 100.00 96 (93-98)
T T T
80 90 100
%

Cl: confidence interval.

¢ Asustained virological response 12 weeks after the end of treatment.

able at: http://www.who.int/bulletin/
volumes/98/3/19-231522). Among the
705 treated by sofosbuvir and ledipasvir,
with or without ribavirin, the pooled
proportion was 99% (95% CI: 96-100;
I’=59.2%) in per-protocol analyses
(Fig. 6; available at: http://www.who.int/
bulletin/volumes/98/3/19-231522). We
could not calculate pooled proportion
for patients treated with sofosbuvir and
ribavirin or sofosbuvir and velpatasvir
because there were too few studies or
participants. In the two studies in which
HCV monoinfected patients received

the generic version of the pan-genotypic
regimen of sofosbuvir and velpatasvir,
the proportion were 98% (95% CI:
95-99) and 99% (95% CI: 97-100),
respectively.

Subgroups

A single study exclusively included
individuals with cirrhosis,” 11 studies
included patients with and without cir-
rhosis, two excluded cirrhotic patients
and five did not report the prevalence
of cirrhosis. Of the eight studies that
reported proportions of sustained
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virological response in patients with
cirrhosis, seven reported proportions
for cirrhotic and noncirrhotic patients
separately.??%*1343%41 The pooled pro-
portion for patients without and with
cirrhosis was 98% (95% CI: 97-99;
I’=34.2%; 7 studies; 1199 patients;
Fig. 7; available at: http://www.who.
int/bulletin/volumes/98/3/19-231522)
and 97% (95% CI: 95-98; I’=18.0%;
8 studies; 693 patients; Fig. 8; avail-
able at: http://www.who.int/bulletin/
volumes/98/3/19-231522), respectively.
The likelihood of a sustained virologi-
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Fig. 4. Relative risk of a sustained virological response to hepatitis C treatment by brand-name versus generic direct-acting agents,

systematic review and meta-analysis, 2019

Author, year % Weight RR (95%(Cl)
Vargas et al. 2017 4.40 } 1.00(0.91-1.10)
Abozeid et al. 2018 61.59 —a— 1.00 (0.98-1.02)
El-Nahaas et al. 2018 15.44 — 0.99(0.96-1.01)
Marciano et al. 2018 18.57 1.02 (0.95-1.10)
Overall (A= 0.0%, P=0.725) 100.00 S 1.00(0.98-1.02)

T |

90 100 110

Favours genericagents  Favours brand-name agents

Cl: confidence interval; RR: relative risk.

Table 5. Effect of cirrhosis on the likelihood of a sustained virological response? to
generic direct-acting agents in patients with hepatitis C, meta-analysis, 2019

Study® No. of patients witha RR (95% (1) Study
response/no. treated weighting
Without  With cirrhosis (%)
cirrhosis
Yakoot et al., 2016 37/37 9/11 9 (0.90-1.58) 1.87
Nagral etal, 2017* 22/22 3/4 20(0.77-1.87) 0.88
Zeng et al, 2017* 125/129 61/63 1.00 (0.95-1 06) 11.00
Abozeid et al,, 2018% 245/247 143/148 1.03 (0.99-1.06) 24.00
Gupta et al, 2018% 248/259 128/134 1.00 (0.96-1.05) 22.64
Liu et al, 2018* 173/175 49/52 1.05 (0.98-1.12) 10.14
Liu et al, 2018)*° 330/321 172/187 1.06 (1.01-1.11) 2947
Pooled data“ 1180/1190 565/599 1.03 (1.01-1.06) 100.00

Cl: confidence interval; RR: relative risk.

@ Aresponse was defined as a sustained virological response 12 weeks after the end of treatment.
® The Merat et al.* study was not included in this subanalysis because it involved only patients with

cirrhosis.

¢ The F value for between-study heterogeneity was 0.0% (P=0.435).

cal response was significantly higher
in patients without cirrhosis than in
those with the disease (RR: 1.03; 95%
CI: 1.01-1.06) in the seven studies
that included both cirrhotic and non-
cirrhotic individuals (Table 5). Only
three studies reported proportions
of sustained virological response in
treatment-naive and previously treated
HCV-infected patients (Table 6; avail-
able at: http://www.who.int/bulletin/
volumes/98/3/19-231522).2>3%3! The
pooled proportion was 97% (95%
CI: 95-99; I’=64.0%; 908 patients;
Fig. 9; available at: http://www.who.
int/bulletin/volumes/98/3/19-231522)
in treatment-naive patients and 97%
(95% CI: 94-99; I’ = 0.0%; 232 patients;
Fig. 10; available at: http://www.who.
int/bulletin/volumes/98/3/19-231522)
in previously treated patients. Previ-
ous treatment had no significant ef-
fect on the likelihood of a sustained
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virological response (RR: 1.00; 95%
CI: 0.97-1.03). The presence of an
HIV coinfection was an exclusion
criterion in nine studies and four did
not report the proportion of patients
with an HIV coinfection. Only one
study included exclusively HIV-HCV
coinfected patients,*” whereas two other
studies reported sustained virological
responses in HIV-HCV coinfected and
HCV monoinfected patients (Table 7;
available at: http://www.who.int/bul-
letin/volumes/98/3/19-231522).3%3!
The pooled proportion in HIV-HCV
coinfected patients was 98% (95% CI:
96-99; I’=0.0%; 3 studies; 267 patients;
Fig. 11; available at: http://www.who.
int/bulletin/volumes/98/3/19-231522).
There was no significant difference in
the likelihood of a sustained virological
response between HIV-HCV coin-
fected and HCV monoinfected patients
(RR: 1.00; 95% CI: 0.96-1.03).

Sensitivity analysis

Our sensitivity analysis showed that
heterogeneity was lower in studies per-
formed in Asia than in Egypt (Fig. 12).
In addition, we found that heterogene-
ity was lower in studies of patients with
cirrhosis (Fig. 8) and when studies were
stratified by quality (Fig. 13; available
at: http://www.who.int/bulletin/vol-
umes/98/3/19-231522) or risk of bias
(Fig. 14; available at: http://www.who.
int/bulletin/volumes/98/3/19-231522).

Discussion

Through a systematic review and meta-
analysis approach, we derived pooled
proportions of sustained virological
response in patients treated for HCV
infection using generic direct-acting
agents. We found that generic direct-
acting agents were highly effective. The
overall pooled proportion of patients
with a sustained virological response
was 98% in real-life observational
studies that included over 57000 in-
dividuals, which was similar to that
reported for brand-name direct-acting
agents in large, real-life, observational
cohort studies around the world.®***
In particular, we found that a sus-
tained virological response with ge-
neric direct-acting agents was similar
to brand-name medicines. Addition-
ally, in sensitivity analyses, we found
that sustained virological response
was also high with specific regimens,
such as sofosbuvir with daclatasvir and
sofosbuvir with ledipasvir. Although
neither an HIV coinfection nor previ-
ous treatment was associated with a
high treatment failure, the presence
of cirrhosis at baseline was associated
with a significantly lower sustained
virological response in patients treated
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with generic direct-acting agents. The
results of this study can help in the
elaboration of public health strategies
for using generic direct-acting agents
to treat HCV infection.

Our study findings have implica-
tions for achieving the goal of eliminat-
ing HCV infection by 2030.* Universal
access to direct-acting agents is essential
for decreasing viral transmission as well
as for reducing mortality and the risk of
liver-related complications associated
with chronic hepatitis C worldwide.
However, HCV treatment has entailed
a substantial financial burden, espe-
cially as direct-acting agents are expen-
sive.*® The nominal price of 12-week
course of sofosbuvir ranges from 6 766
United States dollars (US$) in Brazil to
US$ 64680 in the United States.>*” In
contrast, a course of a generic direct-
acting agent regimen can be produced
for approximately US$ 200 per patient
in countries such as Egypt and India.”

The production of generic direct-
acting agents has been challenged in

various local intellectual property juris-
dictions because some pharmaceutical
components may still be patented. In
most countries, local drug regulatory
authorities can approve the market-
ing of a generic version of a patented
drug only after the relevant patent has
expired, generally after 20 years.* In
several countries, local intellectual
property offices have evaluated requests
to cancel patent claims previously
granted to pharmaceutical companies,
thereby opening up the possibility that
affordable generic versions of direct-
acting agents could be produced.” In
opposition, pharmaceutical companies
have defended their patents and, in the
meantime, have collaborated with lo-
cal companies to produce authorized
versions of generic medicines for HCV
treatment. The cost of these authorized
versions will most likely exceed that of
generic direct-acting agents produced
by independent companies. Authorized,
generic versions of sofosbuvir-ledipas-
vir and sofosbuvir-velpatasvir combi-
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nations were expected to be available
in the United States in 2019 at a cost of
US$ 24 000 per treatment course.™
Our study has limitations. First,
there was high between-study hetero-
geneity for pooled overall proportions
of sustained virological response. High
heterogeneity might have resulted from
differences in the ethnic or clinical char-
acteristics of study participants. Most
studies were conducted either in Egypt,
where most patients have an HCV
genoype-4 infection, or in various parts
of Asia. Our sensitivity analysis showed
that the region where the study took
place and characteristics of patients and
study design influenced the heterogene-
ity. Second, there was a lack of a pooled
proportion of patients with a sustained
virological response for pan-genotypic
interferon-free regimens. We acknowl-
edge that few studies included patients
treated with sofosbuvir and velpatasvir
or patients with an HIV-HCV coinfec-
tion.”’! Most studies included in our
analysis were real-life cohort studies in-

Fig. 12.Sustained virological response to hepatitis C treatment with generic direct-acting agents, by geographical location, systematic

review and meta-analysis, 2019

Author, year Treated Sustained virological % Sustained virological

(no.) response® (no.)  Weight response?, % (95% Cl)
Egypt
Yakoot et al. 2016 48 46 3.10 96 (86-99)
Yakoot etal. 2017 118 7 520 — 99 (95-100)
Abozeid et al. 2018 395 388 7.74 —B 98 (96-99)
El-Nahaas et al. 2018 133 133 549 —— 100 (97-100)
Elsharkawy et al. 2018 36186 35363 9.76 " 98 (98-98)
Omaretal. 2018 18378 17473 9.73 e 95(95-95)
Shousha et al. 2018 40 39 273 98 (87-100)
Subtotal (= 97.8%, P=0.00) 4375 > 98 (96-99)
Asia
Merat etal. 2017 94 92 4.65 —_—— 98 (93-99)
Nagral etal. 2017 29 29 215 100 (88—100)
Sharafi et al. 2017 30 29 22 97 (83-99)
Zengetal. 2017 187 186 6.28 —— 99 (97-100)
Guptaetal. 2018 393 376 773 — 96 (93-97)
Kumar etal. 2018 Al 7 397 — 8 100 (95-100)
Liuetal. June 2018 226 223 6.70 —a&- 99 (96-100)
Liuetal. September 2018 508 493 8.12 —a 97 (95-98)
Lietal. 2018 137 135 5.56 : 99 (95-100)
Subtotal (= 43.0%, P=0.08) 4737 < 98 (97-99)
Other
Hill etal. 2017 250 247 6.90 —i 99 (97-100)
Vargas et al. 2017 26 25 1.98 96 (81-99)

==
Heterogeneity between groups: £ = 0.801 100.00 <
Overall (P=94.1%, P= 0.00); 98 (97-99)
T T T
80 90 100
%
Cl: confidence interval.
¢ Asustained virological response 12 weeks after the end of treatment.
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volving a heterogeneous group of HCV-
infected patients treated using different
generic, interferon-free regimens. Third,
there was a low number and quality
of studies that compared generic and
brand-name direct-acting agents. We
did not identify any randomized clinical
trials that compared generic and brand-
name direct-acting agents. In the four
studies included, the choice between
brand-name and generic medicines was
influenced by local guidelines on the
treatment of HCV infection, physicians’
and patients’ preferences, insurance
approval and the availability of generic
direct-acting agents.”***>* Fourth, the
original studies’ used generic medicines
that were not prequalified by WHO.
Our analysis included only six studies
that used medicines that were either
prequalified by WHO, listed by the
Global Fund’s Expert Review Panel or
had been demonstrated to be bioequiva-
lent to a brand-name medicine. This was
probably because the studies identified
included patients who were treated for
an HCV infection between 2015 and
2017, before most generic direct-acting
agents had been prequalified by WHO.
It is important, however, that the quality
of the generic direct-acting agents used

for HCV treatment should have been
assessed, particularly through WHO’s
prequalification process.

The main strength of our study is
the large number of patients in real-life
scenarios included in the meta-analysis.
This large sample size enabled us to
estimate the pooled overall proportion
of patients with a sustained virologi-
cal response rates and proportions for
different direct-acting agent regimens
and for the presence of conditions such
as cirrhosis. Moreover, we were able
to perform sensitivity analyses that
explored the effect on pooled estimates
of geographical location, study quality
and clinical and demographic charac-
teristics.

In conclusion, we found that the
proportion of patients treated with
generic direct-acting agents with a sus-
tained virological response was high.
The proportion was also high in patients
treated with sofosbuvir and daclatasvir,
and with sofosbuvir and ledipasvir,
and in those with cirrhosis or an HIV
coinfection. Recent cost-effectiveness
studies of generic direct-acting agents in
India suggest that their use can reduce
costs,”" especially if pan-genotypic regi-
mens are used (though efficacy estimates

Hugo Perazzo et al.

for brand-name medicines were used in
these studies).”? Our results corroborate
these economic analyses by showing that
the effectiveness of generic and brand-
name direct-acting agents is indeed the
same. Future cost-effectiveness analyses
are needed to investigate the specific
characteristics of different countries and
regions. Nevertheless, generic direct-
acting agents are effective and should be
considered in public health strategies for
HCV elimination. M

Funding: This work was supported by the
Fundagao Carlos Chagas Filho de Ampa-
ro a Pesquisa do Estado do Rio de Janeiro
(FAPER], Bolsa de Iniciacdo Cientifica
2017/2, grant number 235083 for authors
HP and RVG), by PIBIC-FIOCRUZ (Pro-
grama Institucional de Bolsa de Inicia¢do
Cientifica 2018, for HP, RC and MB] and
by INI-FIOCRUZ (Programa de Incen-
tivo a Jovens Pesquisadores do INT, grant
number INI-003-19-2-5 for HP).

Competing interests: None declared.

oL

Sl ool g Loegell Aol A"
) J.pb) 987, doldiuns don 5 1 mbw\ o U)JL’U U""U\
Il g (P = 94,17 il ;> 18499 (] 97 :957.
tolulys 8498 ) 93 1aal Lol 957) 9675 JsS s
Gl Sl 13 D55V s Loldtos Lo s Dol
L) sl sl o3 Lol Sl sl e 0 Al
2 =<1 02&\0 98 w\yt.ws/q oo M\W\
L L) 20 1 1 5te ol 5 1 3
(uu\)nq 06 ) 1.07:48 Jols 957.¢1.03 tdnaxll
S (elalys 3) Ll AWl L«\ysc}fwfugugj

(N.JLMI‘)Q 3)6;“*” fu\)j,d\u.ujjw Loyl

RNV PR I SN JA\),J\MCm\ﬁ
L}»\;}J\@p}p& ”LS"" dhﬂ‘&\u@‘wjﬂcw
999()@5_”)_9 LJ)‘}L\ 85 s USLAY\ &)WY\JML&“
IS Sl s Ssokm bl 11 G Al o e
N

wm, U] jyu‘ NIRRT Jﬁ\ﬁs\ 2 B )las ol
LS Sl s sate O Al Ol ol
B T o (HOV)
S
ul...e\pu.owﬂY\Jﬁubu\.Lp\dewm J.hJ!
mL(-u.ALch\ 12MM‘M‘\M)J«9ULJL>W‘Q9ML‘
Bl Jalge plasinly (HCV) Ll 4l Cldl o3k
‘_,\A-bi\ LS,&NJML«MMM‘M ﬂbﬁbub
doolie OIS s doldins Lo s Dozl 15,651 -l
LYU dodl (RR) dmeadl Ll b Olaos
ol gl s 2 )l LSkl ol ol yld Zalozed) s 53
I3 pall ST 23 00 plaseanly SULSWI ol el
pae el o5 i UL o (DerSimonian—Laird)
m\‘; e YL@\ l;f 57433 J‘*”““ mb; 19 b.s.b- cLJ

194 Bull World Health Organ 2020;98:188-197K| doi: http://dx.doi.org/10.2471/BLT.19.231522



Hugo Perazzo et al.

Systematic reviews I
Generic direct-acting agents for hepatitis C

HE
BRAEEZEAMATRERANYR | REIEFEATHT
B B AR RAITF LA, RREAEELY
ol B it T WA REE (HCV) BRE 8T 2%,
Fitk BN R T ELBEEFRENERN AEL Wt
47 HCV féﬁ 12 Bl e Frs & a7 |,
RMNNBE B MiET ik Eor A& H T 67 E&N
H 4 Jﬁaféfﬁéﬁ%%‘% EHufl, sh, HATEE
JIA B Aty AL RAEA (DerSImoman Laird) i+ &
TRBANRAREEANNFERER N SN AN
it XK (RR), 3L P 41t 348 5 18] 57 i 04T T 1 fi
HR ZMNAET 19 WK, FEEKENNERIM
XK 57433 £MK, DR REENEHNBEHNE
LB AT 0 98% (95% E f5 X 6], CI:

97-99 ;18 M AT % : P'=941%) ; & 1] W& 77 447 :
96% (95% CI : 93 -98 : 8 A% : '=68.1%), 1EH &
FiE 2 4y o R 4 fﬁafﬁ)’ﬁé’]Tﬁu%Wifﬂ REEYR
My ek AL (RR: 1.00; 95% CI: 0.98 — 1.02; '=0.0%), 5 AF
FE AL, B AE L, a?ﬁﬂ?@fhé’i%%‘é’y% R 5 T B A
WM EER %L (RR1.03:95% CL 1.01 -1.06 7 #
7@3?9"7':) R ERHET Tﬁ@frﬁ) EYNEE RS %ﬂ‘é%ﬁ

S HRY B RHR) T2 M AR KB,
,nib HRAABEGNAEFRNETARERR, &
FRAERERRMEER, URE HCV B EH A
a2 3 ki

Résumé

Efficacité des antiviraux a action directe génériques pour le traitement de I'hépatite C: revue systématique et méta-analyse

Objectif Comparer lefficacité des antiviraux a action directe génériques
et des médicaments de marque pour traiter l'infection par le virus de
I'hépatite C (VHC) a l'aide d'une revue systématique et d'une méta-
analyse.

Méthodes Nous avons recherché dans les bases de données en ligne des
études qui décrivaient une réponse virologique soutenue 12 semaines
apres la fin du traitement contre le VHC par antiviraux a action directe
génériques. Nous avons obtenu les proportions combinées de patients
traités présentant une réponse virologique soutenue a partir d'analyses
en intention de traiter et per protocole. De plus, nous avons calculé le
risque relatif (RR) combiné d'une réponse virologique soutenue avec les
antiviraux a action directe de marque contre génériques a 'aide d'un
modele a effets aléatoires (DerSimonian—Laird) a partir des données
disponibles. 'hétérogénéité entre les études a été évaluée en utilisant
la statistique /.

Résultats Nous avons identifié 19 études portant sur un total de
57 433 personnes réparties dans huit territoires ou régions. Les

proportions totales combinées de patients présentant une réponse
virologique soutenue étaient de 98% (intervalle de confiance, IC, a 95%:
97-99; 18 études; P = 94,1%) dans les analyses per protocole et 96%
(IC 2 95%: 93-98; 8 études; ¥ = 68,1%) dans les analyses en intention
de traiter. La probabilité d'une réponse virologique soutenue avec
des médicaments de marque était similaire a celle obtenue avec des
antiviraux a action directe génériques (RR: 1,00; IC a 95%: 0,98-1,02;
P =0,0%). La probabilité d'une réponse virologique soutenue était
sensiblement plus élevée chez les patients sans cirrhose que chez
ceux ayant une cirrhose (RR: 1,03; IC a 95%: 1,01-1,06; 7 études),
mais elle nétait pas significativement affectée par la prise d'un
traitement antérieur (3 études) ou par une co-infection par le virus de
Iimmunodéficience humaine (3 études).

Conclusion Les antiviraux a action directe génériques sont tres efficaces
pour traiter I'hépatite C. Les médicaments génériques devraient étre
envisagés en cas de ressources limitées afin de réduire la charge des
affections hépatiques chez les patients infectés par I'hépatite C.

Pesiome

3¢¢eKTI/IBHOCTb HeNaTeHTOBAHHbIX IeKaPCTBEHHDbIX NpenapaToB NPpAMOro OencTBnA ana neyeHuns

renatuta C: cuctematmyeckumn 063op N MeTaaHann3
Llenb CpaBHeHe 3HeKTVIBHOCTI HeMaTeHTOBAHHbIX TleKapCTBEHHbIX
npenapatoB NPAMOro AeNCTBUA U 3aperncTpUpOBaHHbIX
MaTeHTOBAHHbIX TeKapCTBEHHbIX CPEACTB ANA fledeHna MHGeKunK,
Bbl3BaHHOW BMpYycom renatuTta C (BIC), nocpeacTsom nposeaeHwn
cucTeMaTyeckoro o63opa v MeTaaHanmsa.

MeToabl ABTOPBI MPOBENN MOWCK MO CeTeBbIM 6a3am AaHHbIX
nccnenoBaHni, B KOTOPbLIX COOOWANnoch O AOCTUXKEHUN CTOMKOTO
BMPYCONOrMYECKOro OTBeTa yYepes 12 Hefjenb Nocie OKOHYaHWA
neueHws BIC c Cnonb3oBaHyemM HeNaTeHTOBAHHbIX JIEKAPCTBEHHDIX
npenapaToB NPAMOTO AeCTBIA. ABTOPbI MOMyUMIn 06beAnHEHHbIE
nponopumnn NpoLweawnx nevyeHre nauneHTos C yCTONUMBLIM
BMPYCONOrMYECKr M OTBETOM B pe3ysibTaTe aHanm3a COBOKYMHOCTM
BCEX HAYaBLUVIX SleUeHVie MaLVEeHTOB U NMaUMeHTOB 6e3 OTKNOHeHNI
OT NMPOTOKONa NeveHns. Kpome Toro, Ha OCHOBE MMEIOLLIMXCA AaHHbIX
aBTOPbI PacCUMTanm O6bEANHEHHbI OTHOCUTENbHbBIM pUCK (OP)
YCTOMUMBOrO BMPYCOOrMYeckoro oTBeTa npw MCrosb30BaHum
MaTeHTOBaHHbLIX NTeKAPCTBEHHbIX NMpenapaToB Mo CPaBHEHMIO
C HemaTeHTOBAHHbIMX MpemnapatamMy NPAMOro AencTsuA,
MCNonb3ya MoAeb CydaiHbix adpdekTos (DerSimonian — Laird).
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HeoLHOPOAHOCTb MEXAY MCCNefoBaHMAMK OLEeHMBanach ¢
MCNONb30BaHMEM CTAaTUCTUKM .

Pe3ynbratbl ABTOpPbI OOHapYyKMAn 19 nccnefosaHnii, B KOTOPBIX
npuMHANK yyactne 57 433 yenoseka M3 BOCbMW DErMOHOB.
O6bwan AonA NaureHToB C YyCTOMYMBLIM BUPYCONOMMYECKNM
OTBETOM COCTaBuna 98% (95%—|7| [OBepUTENbHLIM MHTepBan, AW
97-99; 18 nccneposanuii; 12 = 94,1%) B aHanM3e COBOKYMHOCTK
nauveHToB 6e3 HapyleHus I'IpOTOKOJ'Ia neyenua n 96% (95%-1
[N: 93-98; 8 nccnepoBanuie; 2 = 68,1%) B aHanM3e COBOKYMHOCTM
MaLUMEHTOB, HayaBWKWX neyeHne. BepoATHOCTb yCTOMUYMBOrO
BMPYCONOMMYECKOro OTBETa MPW UCMONb30BAHNM MNATEHTOBAHHbBIX
NeKapCTBEHHbBIX NMPenapaTos Obifa aHaNorMyHa UCronb30BaHMIo
HenaTeHTOBaHHbIX NpenapaTos npamoro fgenctema (OP: 1,00;
95%-n W: 0,98-1,02; 7 = 0,0%). BepoATHOCTb JOCTUXeHUA
YCTOMYMBOrO BUPYCONOrMyeckoro oTeeta Obifa 3HaUMTENBHO
Bblle y I‘IaLI,l/leHTOB He mmetoLLmX Lmppo3a nedeHn (OP: 1,03; 95%-
n an: 1 1,06; 7 nccnenoBaHuin), HO He MMea 3HaYUTENbHOM
3aBMCUMOCTUM OT MpeAblayLero nevenva (3 nccnenoBaHna) nam
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O[JHOBPEMEHHOTO VHOVLMPOBAHWA BUPYCOM UMMyHOAedULMTa
yenoseka (3 nccnefosaHvs).

BbiBog HenaTeHTOBaHHbIE NeKapCTBEHHbIE MpenapaThl NPSAMOro
[efiCTBMA NEMOHCTPUPYIOT BBICOKYIO SODEKTUBHOCTL B NeYEHNN

Hugo Perazzo et al.

renatuta C. CneflyeT paccMaTpurBaTh BO3MOXHOCTb CMOMb30BaHWA
HenaTeHTOBaHHbIX NPenapaTos B YCIOBUAX OFPaHNYEHHbBIX
PECYPCOB ANA CHUKeHNA OpemeHn GonesHer neyeHn y naLmeHTos,
MHOMLMPOBaHHBIX BIC.

Resumen

Eficacia de los antivirales genéricos de accion directa para el tratamiento de la hepatitis C: revision sistematica y metaanalisis

Objetivo Comparar la eficacia de los antivirales genéricos de accidon
directay los medicamentos de marca para el tratamiento de la infeccién
por el virus de la hepatitis C (VHC) mediante la realizacion de una revision
sistemadtica y un metaandlisis.

Métodos Se realizaron busquedas en las bases de datos en linea de
estudios que notificaron respuestas viroldgicas sostenidas 12 semanas
después del final del tratamiento contra el VHC con antivirales genéricos
de accién directa. Se derivaron las proporciones agrupadas de los
pacientes tratados con una respuesta virolégica sostenida de los andlisis
por intencién de tratar y por protocolo. Ademas, se calculd el riesgo
relativo (RR) agrupado de un medicamento de marca de respuesta
virologica sostenida versus antivirales genéricos de accion directa
mediante un modelo de efectos aleatorios (DerSimonian—Laird) a partir
delos datos disponibles. Se evalud la heterogeneidad entre los estudios
mediante la estadistica F.

Resultados Se identificaron 19 estudios con un total de 57.433
individuos de ocho territorios o regiones. Las proporciones generales

agrupadas de pacientes con una respuesta virolégica sostenida fueron
del 98 % (intervalo de confianza del 95 %, IC: 97-99; 18 estudios;
P=94,1 %) en los andlisis por protocolo y del 96 % (IC del 95 %:
93-98; 8 estudios; F=68,1 %) en los andlisis por intencién de tratar. La
probabilidad de una respuesta virolégica sostenida con medicamentos
de marca fue similar a la de los antivirales genéricos de accion directa
(RR: 1,00; IC del 95 %: 0,98-1,02; P=0,0%). La probabilidad de una
respuesta virologica sostenida fue significativamente mayor en los
pacientes sin cirrosis que con cirrosis (RR: 1,03; IC del 95 %: 1,01-1,06; 7
estudios), pero no se vio afectada significativamente por el tratamiento
previo (3 estudios) o la coinfeccién por el virus de lainmunodeficiencia
humana (3 estudios).

Conclusion Los antivirales genéricos de accion directa son altamente
efectivos para el tratamiento de la hepatitis C. Los antivirales genéricos
deben ser considerados en entornos con recursos limitados para
disminuir la carga de la enfermedad hepatica en pacientes infectados
por el VHC.
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Table 4. Generic medicines used, systematic review and meta-analysis of generic direct-acting agents for treating hepatitis C, 2019

Study and generic direct- Commercial Manufacturer Quality assessment
acting agents used name WHO prequalification Listed by the Other
Global Fund’s
Expert Review
Panel
Yakoot et al., 2016*
SOF (400 mg) Gratisovir® Pharco Pharmaceutical (Egypt) ~ No No No
SOF (400 mg) Grateziano® European Egyptian Yes (reference: HP003) No No
Pharmaceutical Industries
(Egypt)
Hill et al., 2017
SOF (400 mg), DCV Numerous Direct-acting agents from 24 Yes (SOF from Cipla Yes (DCV No
(60 mg), LDV (90 mg) different companies; 34% from  Ltd and Hetero from Cipla Ltd
Cipla Ltd (Egypt) and 30% from  Laboratory Ltd) and Hetero
Hetero Laboratory Ltd (India) Laboratory Ltd)
Merat et al., 2017*
SOF-DCV combination Sovodak® Fanavaran Rojan Mohaghegh No No No
(400/60 mq) Darou (Islamic Republic of Iran)
Nagral et al., 2017*
SOF (400 mg), DCV Not reported All direct-acting agents ND ND ND
(60 mg), SOF-LDV manufactured in India
combination (400/90 mg)
Sharafi et al., 2017
SOF-LDV combination Sobopasvir® Sobhan Medicine Trade No No No
(400/90 mq) Development Co. (Islamic
Republic of Iran)
Vargas et al., 2017
SOF (400 mg), DCV Not reported Most direct-acting agents ND ND ND
(60 mg), SOF-LDV manufactured in India
combination (400/90 mq)
Yakoot et al., 2017
SOF (400 mg) Gratisovir® Pharco Pharmaceutical (Egypt) ~ No No No
DCV (60 mg) Daktavira® European Egyptian No No No
Pharmaceutical Industries
(Egypt)
Zeng etal., 2017"
SOF-LDV combination Hepcinat LP® Natco Pharma (India) No No No
(400/90 mgq)
Abozeid et al., 2018”
SOF (400 mg) Gratisovir® Pharco Pharmaceutical (Egypt) ~ No No No
DCV (60 mq) Daktavira® European Egyptian No No No
Pharmaceutical Industries
(Egypt)
SOF-LDV combination MPI-Viropack-  Marcyrl Pharmaceutical No No Bioequivalence
(400/90 mgq) Plus® Industries (Egypt) shown for
SOF-LDV
combination
versus
Harvoni®*
El-Nahaas et al., 2018*
SOF (400 mg) Sofolanork® Mash Premiere (Egypt) No No No
DCV (60 mq) Daklanork® Mash Premiere (Egypt) No No No
Elsharkawy et al., 2018
SOF (400 mg), DCV (60 mg)  Not reported All direct-acting agent s ND ND ND
manufactured in Egypt
Gupta et al., 2018
SOF (400 mg) Hepcvir® Cipla Ltd (Egypt) Yes (reference: HP004)  ND ND
(continues. . .)
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(.. .continued)

Study and generic direct- Commercial Manufacturer Quality assessment
acting agents used name WHO prequalification Listed by the Other
Global Fund’s
Expert Review
Panel
DCV (60 mg) Hepdac® Cipla Ltd (Egypt)® Yes (reference: HP008)  ND ND
SOF-LDV combination Not reported The direct-acting agent No No No
(400/90 mgq) combination was manufactured
in India®
Kumar et al., 2018*
SOF (400 mg), DCV Not reported All direct-acting agents ND ND ND
(60 mg), SOF-LDV manufactured in India
combination (400/90 mg)
Liuetal., 2018
SOF-VEL combination Sofosvel® Beacon Pharmaceuticals No No No
(400/100 mg) (Bangladesh)
Liuetal., 2018
SOF (400 mg) Hepcinat® Natco Pharma (India) No No Bioequivalence
shown for SOF
versus Sovaldi®"
SOF-DCV combination Darvoni® Beacon Pharmaceuticals No No No
(400/60 mq) (Bangladesh)
SOF-LDV combination Hepcinat-LP®  Natco Pharma (India) No No No
(400/90 mq)
SOF-LDV combination Ledifos® Hetero Laboratory Ltd (India) No No No
(400/90 mgq)
SOF-VEL combination Velpanat® Natco Pharma (India) No No No
(400/100 mg)
SOF-VEL combination Velasof® Hetero Laboratories Ltd (India) ~ No No No
(400/100 mg)
Lietal., 2018~
SOF (400 mg), DCV Not reported All direct-acting agents ND ND ND
(60 mg), SOF-LDV manufactured in India
combination (400/90 mg)
Marciano et al., 2018«
SOF (400 mg) Probirase® Laboratorios Richmond SACIF No No No
(Argentina)
Omar etal., 2018*
SOF (400 mg), DCV (60 mg)  Numerous AUG Pharma, Magic Pharma, No No Bioequivalence
Marcyrl Pharmaceutical shown for SOF
Industries and Pharco versus Sovaldi®
Pharmaceutical (all Egypt) and for DCV
versus Daklinza®
(Marcyrl
Pharmaceutical
Industries)*
Shousha et al., 2018*
SOF-LDV combination MPI-Viropack Marcyrl Pharmaceutical No No Bioequivalence
(400/90 mgq) Plus® Industries (Egypt) shown for
SOF-LDV
combination
Versus
Harvoni®*

DCV: daclatasvir; Global Fund: Global fund to Fight AIDS, Tuberculosis and Malaria; LDV: ledipasvir; NA: not applicable; ND: not determined; SOF: sofosbuvir; VEL:

velpatasvir.

¢ The generic drug was produced by Cipla Ltd in collaboration with the Bristol-Myers Squibb Co. through the Medicines Patent Pool.
® The SOF-LDV combination was produced by Indian companies using voluntary manufacturing licences from Gilead Sciences Inc.
¢ In this study, patients received generic sofosbuvir (Probirase®) and brand-name daclatasvir (Daklinza®) from the Bristol-Myers Squibb Co.
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Fig. 5. Sustained virological response to hepatitis C treatment with generic sofosbuvir and daclatasvir, with or without ribavirin,
systematic review and meta-analysis, 2019

Author Treated Sustained virological % Sustained virological
(no.) response® (no.) Weight response?, % (95% Cl)
Hill et al. 2017 146 143 8.64 — 98 (94-99)
Merat et al. 2017 100 92 730 92 (85— 96)
Nagral etal. 2017 12 12 1.63 100 (76-100)
Yakoot etal. 2017 18 17 7.89 e 99 (95-100)
Abozeid et al. 2018 315 308 11.00 i 98 (95— 99)
El-Nahaas et al. 2018 133 133 832 i 100 (97-100)
Eisharkawy et al. 2018 36186 35363 1437 L 98 (98-98)
Guptaetal. 2018 178 7 9.31 96 (92— 98)
Kumar et al. 2018 19 19 240 100 (83-100)
Liu etal. September 2018 123 19 8.04 ; 97 (92— 99)
Lietal. 2018 86 86 6.76 - 100 (96-100)
Omaretal. 2018 18378 17473 1433 95 (95-95)
<>

Overall (=95.9%, P=0.00) 100.00 98 (97-99)

T T T

80 90 100

%

Cl: confidence interval.
@ Asustained virological response 12 weeks after the end of treatment.

Fig. 6. Sustained virological response to hepatitis C treatment with generic sofosbuvir and ledipasvir, with or without ribavirin,
systematic review and meta-analysis, 2019

Author Treated Sustained virological % Sustained virological

(no.) response® (no.)  Weight response?, % (95% Cl)
Hill etal. 2017 104 104 12.96 — 100 (96—100)
Nagral etal. 2017 17 17 5.15 100 (82—100)
Sharafi etal. 2017 30 29 744 97 (83-99)
Zengetal. 2017 187 186 14.99 — 99 (97-100)
Abozeid et al. 2018 80 80 11.88 — 100 (95-100)
Guptaetal. 2018 37 32 8.39 86 (72-94)
Kumar et al. 2018 26 26 6.82 100 (87-100)
Liu et al. September 2018 135 130 13.94 —— 96 (92-98)
Lietal. 2018 49 47 9.68 96 (86—99)
Shousha et al. 2018 40 39 8.74 98 (87-100)
Overall ("=59.2%, P=0.01) 100.00 <> 99 (96—100)

T T T
80 90 100
%

Cl: confidence interval.
@ Asustained virological response 12 weeks after the end of treatment.
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Fig. 7. Sustained virological response in patients without cirrhosis to hepatitis C treatment with generic direct-acting agents,
systematic review and meta-analysis, 2019

Author Treated Sustained % Type of analysis Sustained virological
(no.) virological ~ Weight response?, % (95% Cl)
response’ (no.)
Yakoot et al. 2016 37 37 481 Per-protocol analysis 100 (91-100)
Nagral etal. 2017 22 2 3.02 Per-protocol analysis 100 (85-100)
Zengetal. 2017 129 125 13.12 Intention-to-treat analysis (ITT) —_— 97 (92-99)
Abozeid et al. 2018 247 245 19.75 Per-protocol analysis — - 99 (97-100)
Gupta etal. 2018 259 248 20.27 Per-protocol analysis — - 96 (93-98)
Liuetal. June 2018 175 173 16.09 Intention-to-treat analysis (ITT) R 99 (96—100)
Liu et al. September 2018 330 321 2295 Intention-to-treat analysis (ITT) — 97 (95-99)
Overall (F=34.2%, P=0.17) 100.00 <> 98 (97-99)
T T T
80 90 100
%

Cl: confidence interval.

¢ Asustained virological response 12 weeks after the end of treatment.

Fig. 8. Sustained virological response in patients with cirrhosis to hepatitis C treatment with generic direct-acting agents, systematic
review and meta-analysis, 2019

Author, year Treated Sustained % Type of analysis Sustained virological
(no.) virological Weight response?, % (95% Cl)
response® (no.)
Yakoot etal. 2016 " 9 215 Per-protocol analysis 82 (52-95)
Merat et al. 2017 94 92 14.47 Per-protocol analysis —a 98 (93-99)
Nagral etal. 2017 4 4 0.86 Per-protocol analysis 100 (51-100)
Zeng etal. 2017 63 61 1042 Intention-to-treat analysis (ITT) — 97 (89-99)
Abozeid et al. 2018 148 143 20.37 Per-protocol analysis — 97 (92-99)
Guptaetal. 2018 134 128 1897 Per-protocol analysis —ae 96 (91-98)
Liuetal. June 2018 52 49 884 Intention-to-treat analysis (ITT) — 94 (84-98)
Liu et al. September 2018 187 172 2392 Intention-to-treat analysis (ITT) —e 92 (87-95)
Overall (P=18.0%, P=0.29) 100.00 97 (95-98)
T T T
80 90 100
%
Cl: confidence interval.
° A sustained virological response 12 weeks after the end of treatment.
Table 6. Effect of previous treatment on the likelihood of a sustained virological
response® to generic direct-acting agents in patients with hepatitis ¢, meta-
analysis, 2019
Study No. of patients witha RR (95% () Study weight-
response/no. treated ing (%)
Treatment-  Previously
naive treated
Abozeid et al,, 2018% 362/368 26/27 1.02 (0.95-1.10) 14.51
Liu etal, 2018 166/170 57/58 0.99 (0.95-1.04) 2546
Liuetal, 2018% 353/370 140/147 1.00 (0.96-1.06) 60.03
Pooled data® 881/908 223/232  1.00(0.97-1.03) 100.00
Cl: confidence interval; RR: relative risk.
@ Aresponse was defined as a sustained virological response 12 weeks after the end of treatment.
® The F value for between-study heterogeneity was 0.0% (P=0.810).
Bull World Health Organ 2020;98:188-197K| doi: http://dx.doi.org/10.2471/BLT.19.231522 197G
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Fig. 9. Sustained virological response in treatment-naive patients to hepatitis C treatment with generic direct-acting agents,

systematic review and meta-analysis, 2019

Author, year Treated Sustained virological % Type of analysis Sustained virological
(no.) response® (no.)  Weight response?, % (95% Cl)

Abozeid et al. 2018 368 362 36.50 Per-protocol analysis 98 (96-99)
Liuetal. June 2018 170 166 2693 Intention-to-treat analysis (ITT) —_— 98 (94-99)
Liu etal. September 2018 370 353 36.56 Intention-to-treat analysis (ITT) —_——— 95(93-97)
Overall (P=64.0%, P=0.06) 100.00 < 97 (95-99)

90
%

Cl: confidence interval.
@ Asustained virological response 12 weeks after the end of treatment.

Fig. 10.Sustained virological response in previously treated patients to hepatitis C treatment with generic direct-acting agents,

systematic review and meta-analysis, 2019

Author, year Treated Sustained virological %  Type of analysis Sustained virological
(no.) response® (no.) Weight response?, % (95% Cl)
Abozeid et al. 2018 27 26 11.78 Per-protocol analysis 96 (82-99)
Liuetal. June 2018 58 57 25.05 Intention-to-treat analysis (ITT) I e 98 (91-100)
Liu etal. September 2018 147 140 63.17 Intention-to-treat analysis (ITT) —e 95 (90-98)
Overall (¥ =0.0%, P = 0.65) 100.00 s 97 (94-99)
T T T
80 90 100

%

Cl: confidence interval.
@ Asustained virological response 12 weeks after the end of treatment.

Table 7. Effect of an HIV coinfection on the likelihood of a sustained virological
response® to generic direct-acting agents in patients with hepatitis ¢, meta-

analysis, 2019
Study® No. of patients with a response/ RR (95% 1) Study
no. treated weighting
WithanHCV  Withan (%)
monoinfection HIV-HCV
coinfection
Liuetal, 2018 156/159 67/69 1.01 (0.97-1.06) 47.31
Liuetal, 2018 434/456 59/61 0.98 (0.94-1.04) 52.69
Pooled data“ 590/615 126/130 1.00 (0.96-1.03) 100.00

Cl: confidence interval; HCV: hepatitis C virus; HIV: human immunodeficiency virus; RR: relative risk.

* Aresponse was defined as a sustained virological response 12 weeks after the end of treatment.

® The Li et al”* study was not included in this subanalysis because it involved only patients with an HIV-HCV
coinfection.

¢ The F value for between-study heterogeneity was 0.0% (P=0.842).
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Fig. 11.Sustained virological response in patients with an HIV coinfection to hepatitis C treatment with generic direct-acting agents,

systematic review and meta-analysis, 2019

Author, year Treated Sustained %  Type of analysis Sustained virological
(no.) virological Weight response?, % (95% Cl)
response? (no.)
Liuetal. June 2018 69 67 25.88 Intention-to-treat analysis (ITT) 97 (90-99)
Liu et al. September 2018 61 59 2291 Intention-to-treat analysis (ITT) 97 (89-99)
Lietal. 2018 137 135 512 Per-protocol analysis ——t— 99 (95-100)
Overall (P=0.0%, P =0.61) 100.00 el 98 (96-99)
[ 1
90 100
%

Cl: confidence interval; HIV: human immunodeficiency virus.

¢ Asustained virological response 12 weeks after the end of treatment.

Fig. 13.Sustained virological response to hepatitis C treatment with generic direct-acting agents, by study quality, systematic review
and meta-analysis, 2019

Author, year Treated Sustained virological % Sustained virological

(no.) response® (no.)  Weight response?, % (95% Cl)
Good
Zengetal. 2017 187 186 6.28 —— 99 (97-100)
Abozeid et al. 2018 395 388 1.74 —- 98 (96—99)
Guptaetal. 2018 393 376 1.73 —— 96 (93— 97)
Liuetal. June 2018 206 223 6.70 —— 99 (96-100)
Liu et al. September 2018 508 493 8.12 — 97 (95 98)
Lietal. 2018 137 135 5.56 —_— 99 (95-100)
Subtotal (# = 54.08%, P = 0.05) 4213 < 98 (97-99)
Fair
Meratetal. 2017 9% 92 4.65 —_— 98 (93— 99)
Yakoot et al. 2017 118 117 5.20 — 99 (95-100)
Fl-Nahaas et al. 2018 133 133 549 —— 100 (97-100)
Elsharkawy etal. 2018 36186 35363 9.76 " 98 (98— 98)
Kumar etal. 2018 71 7 397 S 100 (95-100)
Subtotal (F = 57.65%, P = 0.05) 29.06 <> 99 (98-100)
Poor
Yakoot et al. 2016 48 46 3.10 96 (86— 99)
Hill etal. 2017 250 247 6.90 — 99 (97-100)
Nagral et al. 2017 29 29 215 100 (88—100)
Sharafi etal. 2017 30 29 221 97 (83-99)
Vargas et al. 2017 26 25 1.98 96 (81-99)
Omaretal. 2018 18378 17473 9.73 2l 95 (95— 95)
Shousha etal. 2018 40 39 273 98 (87-100)
Subtotal (F = 54.75%, P = 0.04) 28.81 - > 98 (95-99)
Heterogeneity between groups: P = 0.164 100.00

<>

Overall (7 =94.1%, P= 0.00); 98 (97-99)

Cl: confidence interval.

@ Asustained virological response 12 weeks after the end of treatment.

80

Notes: The quality of each study was rated as good, fair or poor (see main text for details).
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Fig. 14.Sustained virological response to hepatitis C treatment with generic direct-acting agents, by risk of study bias, systematic review
and meta-analysis, 2019

Author, year Treated Sustained virological % Sustained virological

(no.) response® (no.) Weight response?, % (95% Cl)
Low risk of bias :
Zengetal. 2017 187 186 6.28 e 99 (97-100)
Abozeid et al. 2018 395 388 774 — 98 (96-99)
Guptaetal. 2018 393 376 7.73 —— 96 (93-97)
Livetal. June 2018 26 23 6.70 — 99 (96-100)
Liuetal. September 2018 508 493 8.12 B 97 (95-98)
Lietal. 2018 137 135 5.56 99 (95-100)
Subtotal (¥ = 54.08%, P=0.05) 4213 <> 98 (97-99)
Moderate risk of bias :
Yakoot et al. 2016 48 46 3.10 = : 96 (86-99)
Merat etal. 2017 94 92 465 .—l_. 98 (93-99)
Nagral etal. 2017 29 29 215 # 100 (88—100)
Sharafi etal. 2017 30 29 22 = 97 (83— 99)
Vargas et al. 2017 26 25 1.98 - 96 (81-99)
Yakoot etal. 2017 118 117 5.20 - 99(95-100)
El-Nahaas et al. 2018 133 133 549 —— 100 (97-100)
Elsharkawy etal. 2018 36186 35363 9.76 = 98 (98-98)
Kumar et al. 2018 Al 71 397 e —1 100 (95-100)
Shousha etal. 2018 40 39 273 & 98 (87—-100)
Subtotal (#=28.14%, P=0.19) 41.24 <> 99 (98-100)
High risk of bias '
Hill etal. 2017 250 247 6.90 -—.—- 99 (97-100)
Omaretal. 2018 18378 17473 9.73 ) 95 (95-95)
Heterogeneity between groups: P = 0.000 <
Overall (= 94.1%, P =0.00); 100.00 < 98 (97-99)

T T T
80 90 100
%

Cl: confidence interval.
¢ Asustained virological response 12 weeks after the end of treatment.
Notes: The risk of bias in each study was rated as low, moderate or high (see main text for details).
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