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Background: New direct-acting antiviral agents (DAAs) approved for the treatment of patients infected by Hepa-
titis C virus (HCV) are well tolerated and increase sustained virological response (SVR) rate. We summarize cur-
rent evidence on the efficacy and safety from comparative randomized controlled trials (RCTs) of DAAs. Methods:
We systematically searched MEDLINE, Embase, Scopus, CENTRAL, and Lilacs as well as a list of reference liter-
ature. We included RCTs comparing DAAs with placebo or active control and reporting response rates and
adverse events according to antiviral regimens. Risk ratios (RRs) were pooled as appropriate. We assessed the
risk of bias of included studies and graded the quality of evidence according to the GRADE method. Results:
We included 28 RCTs, enrolling more than 7000 patients. The quality of evidence was generally low. Twelve-
week treatment with DAAs in naive patients significantly increased SVR12 and SVR24 compared with placebo
(RR 1.4, 95% CI 1.3-1.6; RR 1.5, 95% CI 1.4-1.6, respectively). This means that for every 1000 patients, 240 or
260 more patients experienced SVR12 or SVR24 if treated with any DAAs. We could not find RCTs assessing pro-
gression of liver disease or development of hepatocellular carcinoma. DAAs were not associated with higher inci-
dence of serious adverse events or discontinuation due to adverse events. Conclusions: This systematic review
confirms that new DAAs are more effective in inducing SVR than placebo. Outside clinical trials, in real word,
HCV cure with DAA regimens occurs in less than 90% of patients, so further comparative evaluations are needed

to establish their long-term effects. (J Cin Exp HepaTOL 2019;9:522-538)

epatitis C virus (HCV) infection is a public health

problem, with global estimates of 130-150

million people chronically infected, defined as
detectable virus present at 6 months from disease detec-
tion."” Between 55% and 85% of acute HCV infections
evolve to chronicity and, in a significant proportion of
patients, may lead to liver fibrosis and cirrhosis. Severe
consequences of this disease include decompensated
cirrhosis and hepatocellular carcinoma (HCC) leading to
liver transplantation or an estimated 700,000 deaths per
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year worldwide.” > HCV exists in 7 genotypes, with
different geographical distributions, and is responsible
for different responses to treatment.”’

The aim of antiviral treatment is to eradicate HCV infec-
tion, thus preventing disease progression. The evolution of
HCV treatment has been very fast in the last decade, with
increasing rates of patients achieving sustained virological
response (SVR), defined as undetectable HCV RNA 12 or
24 weeks after the end of treatment.” SVR rate is the
most commonly used endpoint in clinical trials for
HCV as undetectable HCV RNA translates into a signifi-
cant risk reduction for overall mortality, HCC develop-
ment, and liver tramsplantation.8 SVR12 is now accepted
as a primary study endpoint by most regulatory bodies.”

Until 2011, standard treatment for HCV-infected pa-
tients was a combination of pegylated interferon (PEG-
IFN) alpha (&) and Ribavirin (RBV), leading to SVR in
about 50% of treated patients. The introduction of prote-
ase inhibitors (PrIs), telaprevir or boceprevir, for treatment
of genotype 1 increased the number of patients achieving
SVR to 70-80% in this population, despite a high rate of
adverse events (AEs).'”'" New direct-acting antivirals
(DAAs), specifically designed to inhibit 3 viral proteins,
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are now available. These drugs can be grouped into 4
different classes according to their mechanism of action:
NS3/4A protease inhibitors, NSSA protein inhibitors,
NS5B nucleoside (NPIs), and nonnucleoside (NNPIs)
polymerase inhibitors (Table 1).”'*"'* DAAs do not have
equal antiviral activity across all HCV genotypes; for
genotype 1 and 4, all DAA regimes are active; for
genotype 2, sofosbuvir is indicated; and for genotype 3,

sofosbuvir, daclatasvir, and ledipasvir are indicated. Two
combination regimens (velpatasvir/sofosbuvir and
asunaprevir/daclatasvir/beclabuvir) are used to treat
genotypes 5 and 6 (Table 1).

These new antiviral agents appear to be better tolerated
than first-generation Prls and claim to be associated with
SVR rates of up to 90-100%."""” Initially, they were used
as add-on therapies to standard treatments (PEG-IFNa/

Table 1 Characteristics of DAAs Approved by the European Medicines Agency (EMA).?

Active substance
(commercial name)

Year of approval

Dosage

Administration Genotype

Sofosbuvir (Sovaldi) 2014

Simeprevir (Olysio) 2015

Daclatasvir (Daklinza) 2015 60 mg

Ledipasvir/sofosbuvir (Harvoni) 2014

Ombitasvir/paritaprevir/ 2015
ritonavir (Viekirax)

Dasabuvir (Exviera) 2015 50 mg

Grazoprevir/elbasvir (Zepatier) 2016

Velpatasvir/sofosbuvir (Epclusa) 2016

Asunaprevir/daclatasvir/beclabuvir Soon be available

400 mg

150 mg

90 mg/400 mg

12.5 mg/75 mg/
250 mg

100 mg/50 mg

100 mg/400 mg

12 wks (SOF + PegIFN/RBV)
12 wks (SOF + RBV)
24 wks (SOF + RBV)

Until the transplantation
24 wks (SOF + RBV)

Until the transplantation
48 wks (SOF + RBV)

12 wks (SOF + SIM + RBV)
24 wks (SOF + SIM + RBV)

1,2,3,and 4

12 wks (SIM + PegIFN/RBV) + land 4

(
(
12 wks (PeglFN/RBV)

12 wks (SIM + PeglFN/RBV) +
36 wks (PegIFN/RBV)

12 wks (SIM + SOF)

12 wks (SIM + SOF) +

12 wks (SIM + SOF)

12 wks (DACL + SOF + RBV)
24 wks (DACL + SOF + RBV)

24 wks (DACL + PegIFN + RBV) +
24 wks (PeglFN/RBV)

8 wks (Led/SOF)

12 wks (Led/SOF + RBV)
24 wks (Led/SOF £ RBV)

1,3,and 4

1,3,and 4

12 wks (ombitasvir/paritaprevir/ land 4

ritonavir + RBV)

24 wks (ombitasvir/paritaprevir/
ritonavir + RBV)

12 wks (ombitasvir/paritaprevir/ land 4
ritonavir + DAS)

24 wks (ombitasvir/paritaprevir/

ritonavir + DAS)

12 wks (ombitasvir/ paritaprevir/

ritonavir + DAS + RBV)

24 wks (ombitasvir/ paritaprevir/

ritonavir + DAS + RBV)

8 wks (GRA + ELB)
12 wks (GRA + ELB + RBV)

12 wks (Valp + SOF + RBV)

1 and 4

1,2,3,4,5,and 6
1,2,3,4,and 5

Wks, weeks; SOF, sofosbuvir; RBV, ribavirin; IFN, interferon; SIM, simeprevir; DACL, daclatasvir; Led, ledipasvir; DAS, dasabuvir; GRA, grazoprevir;

ELB, elbasvir; Valp, velpatasvir.

@Faldaprevir 120 mg was withdrawn during the marketing authorization procedure.
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RBV) and then in IFN-free regimens, intended to reduce
the toxicity of treatments in naive patients and offer an
option to PEG-IFN« noruresponders.14 Currently, they
are also being used in different combinations including
2 or more DAAs (Supplementary Table I) with or without
RBV.

The availability of new DAAs completely changed the
recommendations for HCV treatment, transforming HCV
infection into a potentially curable condition in most pa-
tients. Comprehensive overviews of evidence could be use-
ful to this aim and inform the on-going discussion about
the economic burden of these drugs, which is a significant
barrier to their affordability.m’w

We aimed to review the available evidence from RCTs of
new licensed DAAs or DAAs under development for the
treatment of chronic HCV. The present review focuses on
the first regimens of DAAs developed and takes into ac-
count only comparative randomized trials addressing the
net effect of these drugs as compared to placebo or active
comparators (e.g. first-generation Prls).

METHODS

The review protocol was registered in PROSPERO, the
International Prospective Register of Systematic Reviews
(PROSPERO 2015:CRD42015020290). We followed the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (Prisma) guideline.'”

Criteria for Considering Studies for This Review

We included RCTs conducted in adult patients of both
genders, affected by chronic HCV infection (any genotype).
We included both treatment-naive patients and patients
previously treated with PEG-IFN« and RBV. Several prote-
ase inhibitors, polymerase inhibitors, and NS5A inhibitors
have already been approved in the European Union and/or
United States, including several fixed-dose combinations.
Moreover, it is estimated that about 30 agents are in clin-
ical development."”

To be included, RCTs had to test one of the following
DAAs:

1. NS3/4A inhibitors: simeprevir, paritaprevir, asunaprevir, vani-
previr

2. NSS5A inhibitors: daclatasvir, ledipasvir, ombitasvir

3. NSS5B nucleoside polymerase inhibitors (NPIs): sofosbuvir, fal-
daprevir

4. NS5B nonnucleoside polymerase inhibitors (NNPIs): dasabu-
vir, filibuvir

5. Other experimental DAAs not yet approved by regulatory
agencies at the time of study planning.

We included RCTs comparing the DAAs with placebo,
no treatment, or first-generation Prls. Trials inclusion
required >12 weeks DAA treatment, irrespective of the

PECORARO ET AL

study follow-up duration. We excluded single-arm trials,
trials testing different regimens of the same DAAs (ie.
different dosage, length of treatment), trials including
acute HCV infection patients only, patients with HIV coin-
fection, or those undergoing liver transplantation, and tri-
als that did not report SVR data.

Outcome Measures

Primary Outcomes

e Rate of SVR, defined as HCV RNA <15 IU/ml 12 (SVR12) or 24
(SVR24) weeks after the end of treatment according to the defi-
nition in each study.

o All-cause mortality and progression of liver disease.

Secondary Outcomes

e Rate of nonresponse (treatment failure), defined as HCV 15 IU/
ml at the end of treatment.

e Rate of virological breakthrough during treatment, defined as
the reappearance of HCV RNA while still on therapy in patients
with viral suppression in their early course of therapy.

e Rate of relapse, defined as the reappearance of HCV RNA after
the end of treatment.

e Discontinuation due to AEs (as defined in each study).

e Rate and types of AEs (serious and most frequent according to

each drug).

Search Strategy

We systematically searched electronic databases: MED-
LINE, Embase, Scopus, Web of Sciences, Cochrane Central
Register of Controlled Trials (CENTRAL), and Lilacs.
Search strategy adopted was similar across the databases,
and it was developed using keywords including “hepatitis
C”, “Simeprevir”, “Asunaprevir”, “Daclatasvir”, “Ledipas-
vir®, “Ombitasvir”, “Sofosbuvir”, “Dasabuvir”, “Paritapre-
vir’, “Grazoprevir”, “Danoprevir”, “Filibuvir’, and
“Faldaprevir”. We limited the search to studies in humans
published in English, Italian, or Spanish from January
2012 until July 2017. We screened relevant reference lists
of articles and also searched for on-going clinical trials in
www.clinicaltrials.gov.

Study Selection and Data Collection

Two authors independently screened the abstracts
retrieved through the database searches and selected
the studies for inclusion according to eligibility criteria.
From each of the included trials, two authors indepen-
dently extracted the following data: 1) characteristics of
participants: age, gender, race, number of randomized
patients and those who completed the study, HCV ge-
notype, IL28B polymorphisms, degree of fibrosis, and
presence of cirrhosis; 2) characteristics of the study:
year of publication, trial name and phase, experimental
drug and comparator, and treatment duration and
length of follow-up; 3) efficacy outcomes: SVRI12,

524 © 2018 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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SVR24, death, progression of liver disease (patients
developing cirrhosis or HCC at the follow-up), rates of
nonresponders, and viral breakthrough and relapse;
and 4) safety outcomes: rate of discontinuation due to
AEs and type of AEs.

Risk of Bias Assessment

Two reviewers independently evaluated the risk of bias of
each study following the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions.”’ The
following domains were considered: random sequence
generation, allocation concealment, blinding of investiga-
tors, participants and outcome assessors, incomplete data
outcome, and selective outcome reporting bias. We also
evaluated the risk of bias items specific to AEs: 1) defini-
tion of serious AEs (SAEs) (i.e. death, hospitalization,
etc.), if specified, and 2) method of AEs assessment, (i.e.
whether the researchers actively monitored AEs or simply
provided spontaneous reporting of AEs that arose during
the study). Each domain was classified as at “high” or
“low” risk of bias. If the information reported in the
article was insufficient, the domain was defined as “un-
clear”.

Data Analysis

We pooled trials according to the DAA used (e.g.
sofosbuvir) and length of treatment (e.g. 12 or 24 weeks).
Meta-analyses were performed separately for naive patients
and previously treated patients. When different doses of
DAAs were tested in the same trial, we pooled data of the
dose approved by regulatory agencies for marketed drugs
or the one tested in more than one study for drugs not
yet on the market. We used the risk ratio (RR) with a
95% confidence interval (CI) to estimate the relative efficacy
and safety of new DAAs. We assessed the presence of het-
erogeneity using the I-squared statistics (I?), which esti-
mates the percentage of variation between study results,
due to heterogeneity rather than sampling error. The I? sta-
tistics indicates the percentage of the overall variability
that is due to between-study (or interstudy) variability, as
opposed to within-study (or intrastudy) variability. I* value
less than 25% reveals low heterogeneity, I between 25% and
75% indicates moderate heterogeneity, and I’ greater than
75% expresses substantial heterogeneity. In the presence of
heterogeneity between studies, we pooled data using the
random-effects model,”’ otherwise we combined the
studies using Mantel-Haenszel methods for a fixed-
effects model.”” P-value lower than 0.05 was considered
statistically significant. Publication bias was assessed
graphically using a funnel plotB and statistically evaluated
by the regression symmetry test described by Egger et al.”’
Analyses were performed using the RevMan 5.3 and Stata
11 software.

Evidence Profile

We evaluated the evidence using the GRADE approach and
produced a “Summary of findings” table for studies
comparing DAAs with placebo, outlining the main
outcome results (SVR12, SVR24, mortality, discontinua-
tion due to AEs and SAEs). RCTs were initially considered
of high quality but were downgraded according to their
risk of bias, directness of evidence (generalizability), consis-
tency, and precision of results across all trials that
measured a given specific outcome. Directness refers to
the extent to which trial participants, interventions, and
outcome measures considered in the included trials are
relevant to the review question. Consistency concerns the
degree of homogeneity (direction and magnitude) of re-
sults across the different studies. Precision describes the
grade of uncertainty around the effect estimate, in other
words the width of estimated CI. We determined the qual-
ity of the evidence for each outcome considering each of
these factors as “high”, “moderate”, “low”, or “very
low”.”” The overall quality of evidence corresponds to the
lowest GRADE score defined for each outcome.

RESULTS
Study Selection

The database searches identified 2625 records. After initial
screening, we excluded 2527 articles that did not meet in-
clusion criteria. A total of 98 studies were considered for
eligibility, and full-text studies were analyzed. We excluded
70 studies because they (i) evaluated IFN-free
DAA regimens (n = 16); (ii) compared DAA regimens
with or without RBV (n = 8); (iii) did not test DAAs
(n = 3); (iv) were not RCTs (n = 7); (v) compared different
regimens of the same DAAs (i.e. all patients took the exper-
imental drug, n = 11); (vi) tested DAAs that were adminis-
tered for only few days (n = 12); (vii) did not report data on
SVR rate (n = 7); (viii) were review articles (n = 4); and (ix)
included patients after liver transplantation or HIV coin-
fection (n = 2) (Supplementary Table II reports the list of
excluded trials). Finally, we included 28 trials®® >’
enrolling 7710 patients (Figure 1). The search in
clinicaltrials.gov revealed 15 ongoing studies (last update
May 2017) that met the inclusion criteria.

Characteristics of Included Studies

The number of participants ranged from 47 to 763. The
median age of participants was 50 years (range 18-75
years). Most trials enrolled patients infected with HCV sub-
types la or 1b. Two trials enrolled patients infected with
HCV genotypes 2 or 3, and three with genotypes 4.
Twenty-one trials included naive patients, and 7 included
patients previously treated with PEG-IFN«/RBV. Half of
the trials reported the number of patients who had
cirrhosis at randomization (15%, 581 of 3915 patients).
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Figure 1 Literature flow diagram.

Nine trials evaluated simeprevir; 5 trials: daclatasvir; 3 tri-
als: vaniprevir; 2 trials: sofosbuvir, faldaprevir, danoprevir,
or asunaprevir; and 1 trials: filibuvir, grazoprevir, or ombi-
tasvir in combination with paritaprevir. Twenty-two trials
compared one DAA in combination with PEG-IFNa/RBV
to placebo. Five had an active-comparator design and
considered sofosbuvir alone, telaprevir, or boceprevir as
the comparator. We included 17 phase II and 10 phase
II trials, and one trial did not report information about
its phase. The main features of the 28 RCTs are summa-
rized in Table 2.

Risk of Bias Assessment

The overall risk of bias of the 28 trials included is reported
in Figure 2. We judged most of the studies at low risk of
selection bias as they adequately generated and concealed
(20 studies, 71%) the randomization list. Trials were
more heterogeneous in terms of risk of performance and
detection bias. Only 11 trials were judged as adequate in
terms of blinding of personnel, participants, and outcome
assessors. Seven trials were open label. Twelve trials were
judged at low risk of attrition bias and 22 at low risk of re-
porting bias. Sixteen trials (57%) monitored participants
for signs and symptoms possibly related to AEs, but only
S trials appeared to have implemented appropriate, prespe-
cified definition of SAEs.

Quality of Evidence

We assessed the quality of the evidence for all the DAAs us-
ing the GRADE approach. Although this systematic review
included only RCTs, the quality of evidence was generally
low. The main reasons for downgrading were the risk of
bias because three studies were at high risk for perfor-
mance and detection bias and one for attrition bias and
inconsistency because some meta-analyses showed moder-
ate heterogeneity and imprecision. However, the meta-
analyses did not suffer from serious indirectness. The over-
all quality of evidence was low for SVR24, very low for
SVR12, mortality, and discontinuation due to SAEs
(Table 3). The overall quality of evidence was low for dano-
previr, faldaprevir, sofosbuvir, and vaniprevir and very low
for the other drugs (data not shown). Thus, the certainty
around the estimates of benefits and harms of DAAs re-
mains uncertain.

Effect of DAAs Compared to Placebo

Primary Outcomes

Sustained virological response: Our analyses showed
that among naive patients treated with DAAs, in combina-
tion with PEG-IFNa/RBV, 78% achieved SVR12 compared
with 54% in the group treated by placebo with PEG-IFNa/
RBV (RR 1.4; 95% CI 1.3-1.6, I* = 46%; n = 12; Table 4;
Figure 3). For every 1000 patients, 240 more experienced
SVR12 if treated with any DAAs compared with placebo,
ranging from 90 with filibuvir to 330 with sofosbuvir.

526 © 2018 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 2 Characteristics of Included Studies.

Author Study Experimental group Control group HCV Patients Age Men Race, N (%) Cirrhosi  IL28B genotype, N (%)
gen _ -
Name Phase Drug Dose Treatment N Drug® N Median No White Black Others No (%) cC CT T
(mg) duration patients patients (range) (%)
(weeks)

Reddy ATTAIN 3 SIM + placebo + 150 + 12 379 Tel + placebo + 384 la Previously 51 466 719 38 6 163 33 472 223
2015 Peg-IFN«2a/RBV 750 PEG-IFN«w2a/RBV 1b  treated (18-69) (61.1) (94.2) (5) (0.8) (21.4) (4.3) (61.8) (29.2)

Hayashi DRAGON Nr SIM + 50 12 27 PEG-IFNa-2a/RBV 13 1b  Naive 54 43 Na Na 92 0 nr nr nr
2014 PEG-IFNe-2a/RBV 50 24 13 (20-69) (47) (100) (0)

Hayashi CONCERTO-I 3 SIM 100 12 123 Placebo + 60 la Naive 55 63 Nr Nr Nr 0 121 62 Na
2014 + PEG-IFN«-2a/RBV PEG-IFNa-2a/RBV 1b (23-69) (34.4) 0) (66) (34)

Manns QUESTHI 3 SIM + 150 12 257 Placebo + 134 la Naive 45 217 360 26 5 32 117 213 61
2014 PEG-FNa-2a PEG-IFNa/RBV 1b (18-73) (55.5) (92) (6.6) (1.2) (8) (30)  (54.5) (15.6)
or 2b/RBV

Jacobson  POSITRON® 3 SOF + RBV 400 12 207  Placebo +RBV 71 2; 3 Previously 52° 151 254 13 11 44 126 120 32
2013 treated  (21-75) (54.3) (91.4) (4.6) (43)  (11.5)

Dore - 2b  DACL+ 60 19 50 Placebo + 51 2;3 Naive 486 96 129 4 18 19 56 76 17
2015 PEG-IFNa-2a/RBV 16 51 PEG-IFNa-2a/RBV (20-67) (63.6) (85.4) (2.6) (11.9) (12.6) (37) (50.3) (11.3)

(Continued on next page)
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Table 2 (Continued)

Author Study Experimental group Control group HCV Patients Age Men Race, N (%) Cirrhosi  IL28B genotype, N (%)
gen
Name Phase Drug Dose Treatment N Drug® N Median No White Black Others No (%) cC CT T
(mg) duration patients patients (range) (%)
(weeks)
Kumada - 3b DACL + ASU 60+ 24 119 Tel + placebo + 111 1b  Naive 56 102 Nr Nr Nr Na 153 70 5
2016 100 PEG-IFN«w2a/RBV (20-70) (44) (66.5) (30.4) (2.2)

NOILO34ANI AOH d0O4 SYvd MAN

Pol 2012 - 2a  DACL+ 3 12 12 Placebo + 12 la Nave 51 32 35 9 4 Na 13 18 5
PEG-IFNa-2a/RBV 10 12 PEG-IFNa-2a/RBV 1b (28-68) (66.6) (72.9) (18.7) (8.3) (27)  (37.5) (10.4)
60 12

Bronowicki - 2a ASU + 200 48 12 Placebo + 11 la Naive 48 35 38 8 1 Na 13 24 10
2013 PEG-IFNe-2a/RBV 600 PEG-IFNa-2a/RBV 1b (74.4) (80.8) (17) (2) (27.6) (51) (21)
twice d
600
once d

Manns 2014 — 2 GRAZ (MK5172) + 109 12 66 Placebo + BOC + 66 1b  Nave  51° 191 272 44 16  Na Nr Nr Nr
PEG-IFNa-2b/RBV 500 68 PEG-IFNa-2b/RBV (18-72) (57.5) (81.9) (13.2) (4.8)
400 67
800 65

Ferenci STARTVerson1 3 FAL + 120 12 259 Placebo + 132 1la Naive 47,6° 342 511 9 132 30 254 316 81
2015 PEG-IFN« -2a/RBV PEG-IFNa2a/RBV 1b (52.4) (78.4) (1.4) (20.2) () (38.9) (48.4) (12.4)
240 261

Everson DAUPHINE 2 DAN/r + 200, 24 92 Placebo + 44 la Naive 52.5 202 259 34 30 Na 94 No CC 229
2015 PEG-IFNa-a/RBV 100 PEG-IFNa-2a/RBV 1b (19-73) (62.5) (80)  (10.5) (9.3) (29.1) (70.9)
100/ 93 4
100
50/ 94
100

7V 13 04vd003d




Table 2 (Continued)

IL28B genotype, N (%)

Cirrhosi

Race, N (%)

Men

Age

HCV Patients

gen

Experimental group Control group

Study

Author

T

CT

White Black Others No (%) cC

No

Median
(range)

Drug®

duration patients

Dose Treatment
(weeks)

Drug
(mg)

Phase

Name

(%)

patients

Nr Nr

23 Nr

95

82

Previously 51

treated

42

Placebo +

48

300
600
300
300

VAN +

2b

Lawitz
2013

(0)

(18.9)

(5.7)

(67.2) (77.8)

(23-65)

PEG-IFNa-2a/RBV

42

PEG-IFNe-a/RBV

nr nr nr

74

65

49

la Previously 55.5
treated

1b

14

Placebo +

24
48
24
48

VAN +

2b

Rodriguez-
torres
2014

(100)

6.7)

(5.4)

(66.2) (87.8)

(38-65)

PEG-IFNa-2a/RBV

PEG-IFNa-2a/RBV

15
15

12 0r16 337

600
600

no CC 380
(82.8)

79

Nr

59

440

243

Naive and 46"
previously
treated

la

122

Tel + placebo +

OBV/PTV/r +
DAS + RBV

MALACHITE I/1l 3b

Dore 2016

(17.9)

(12.8)

(52.9) (95.9)

1b

PEG-IFNa2a/RBV

100
150
250

ASU, asunaprevir; BOC, boceprevir; DACL, daclatasvir; DAN, danoprevir; DAS, dasabuvir; FAL, faldaprevir; FIL, filibuvir; GRAZ, grazoprevir; IFN, interferone; n, number; nr, not reported; na, not avail-

able; OBV/PTV/r, ombitasvir/paritaprevir, ritonavir; RBV, ribavirin; SIM, simeprevir; SOF, sofosbuvir; Tel, telaprevir; VAN, vanoprevir.

@Authors reported also the FUSION study results, administering sofosbuvir in all study arms.

PResults reported as mean.
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“Dosage of PEG-IFN«/RBV was 180 ug/1000-1200 mg in all studies included.

The quality of evidence ranges from high to very low and
overall was judged as very low (Table 4). In one study”’ eval-
uating SVR12 (RR 2.2;95% CI 1.7-2.8) in previously treated
patients, 79% achieved SVR12 compared with 36% in the
control group.

Naive patients treated with DAAs for 12 weeks had
more SVR24 (79%) than placebo (53%) controls (RR 1.5,
95% CI 1.36-1.64, I = 3%; n = 10; Table 4; Figure 3).
For every 1000 patients, 260 more experienced SVR24 if
treated with any DAAs than with placebo, ranging from
240 with simeprevir to 350 with danoprevir. The quality
of evidence ranges from high to low and overall was
judged as low (Table 4). One study”® evaluated SVR24
(RR 2.9; 95% CI 1.82-4.72) in previously treated patients,
of whom 67% achieved SVR24 compared with 23% in the
control group.

Trials evaluating daclatasvir, simeprevir, and sofosbuvir
reported data for both SVR12 and SVR24, and there was no
difference in terms of response rate.

Overall, patients treated with DAAs had higher SVR24
(80%) than controls (50%) after 24 weeks of treatment
(RR 1.69 95% CI 1.35-2.12, I = 71%; n = 8, Figure 3).
Similar results were achieved after 48 weeks of treatment
(data not shown).

All-cause mortality and progression of liver disease:
Seventeen placebo-controlled trials for a total of 3211 par-
ticipants reported data on mortality. Overall, these studies
reported 9 deaths out of 2309 participants (0.4%) in the
experimental treatment arm and none in the control group
(Table 4). The quality of evidence ranges from low to very
low and overall was judged as very low (Table 4).

We could not find studies assessing the progression of
liver disease (i.e., development of cirrhosis) after treatment
discontinuation or development of HCC.

Secondary Outcomes

Nonresponse, relapse, and virological breakthrough:
The rates of nonresponses and relapses were significantly
lower in the intervention group than in the placebo group
(RR: 0.1, 95% CI: 0.05-0.2, I” = 54%, n = 8; RR: 0.47, 95% CI:
0.35-0.62, I = 61%, n = 18, respectively). On the contrary,
we found that the virological breakthrough rate was higher
in the DAAs treatment arms, although the difference was
not statistically significant (RR: 1.2, 95% CI: 0.8-1.9,
I* = 36%, n = 13).

Safety: The rate of treatment discontinuation due to AEs
was similar for patients enrolled in DAAs and placebo arms
(RR: 0.85, 95% CL 0.66-1.11, I* = 15% n = 20;
Supplementary Table III), and the discontinuation rate
was lower in DAAs compared to placebo in naive patients
(RR: 0.77, 95% CI: 0.58-1.01, I> = 9%, n = 17) but higher
than placebo in previously treated patients (RR: 1.78,
95% CI: 0.75-4.19, 1> = 0%, n = 3).
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Figure 2 Risk of bias graphic.

Overall, 6% of patients experienced SAEs (268 out of
4558 patients). Our analysis shows no significant differ-
ence between DAAs regimens and placebo (RR: 1.06, 95%
CI: 0.82-1.37, I” = 21%, n = 20) both in naive and in previ-
ously treated patients (Supplementary Table IV). Pooled re-
sults showed that DAAs therapies did not increase the risk
of AEs reported, except for pruritus and vomiting
(Supplementary Table IV).

Evaluation of publication bias: A funnel plot was gener-
ated, with the studies reporting SVR12, SVR24, and mor-
tality, to assess the possibility of publication bias or
small study effects. The standard error (SE) was plotted
against the estimated RR of each study. Trials reporting
SVR12 were at the top of the plot and displayed a slightly
asymmetrical pattern (Supplementary Figure 1la). For
SVR24, the figure showed a slightly asymmetrical plot,
which suggests possible publication bias (Supplementary
Figure 1b). For mortality, the funnel plot showed small
studies at the bottom of the plot, and it was symmetrical
(Supplementary Figure 1c). No definitive conclusion about
publication bias could be drawn.

Effect of DAAs with Respect to Different Active
Comparators

Primary Outcomes

- - - . < [o
Sustained virological response: In five trials®®?”%*7

that considered active comparators (e.g. first-generation
Prls), patients treated with DAAs had a statistically
significant better SVR12 rate (RR: 1.26, 95% CI: 1.08-
1.48, I = 80%). Only one study™ evaluated SVR24 in pa-
tients treated with grazoprevir with respect to boceprevir
showing a significantly better response rate for patients
in the treatment arm.

All-cause mortality: Three studies”®””* reported data on

mortality. Of these, two studies reported no death in the
treatment group, and one study registered four deaths in
the control group.

Secondary Outcomes

Safety: The rate of discontinuation due to AEs was signif-
icantly lower in patients treated with DAAs with respect to
active control (RR: 0.34, 95% CI: 0.14-0.82, I* = 70%, n = 5).
Pooled results showed a significantly higher rate of AEs in
patients treated with DAAs than the active comparators
group (data not shown).

DISCUSSION

This systematic review with meta-analyses summarizes
published data from RCTs evaluating DAA treatments.
When compared to placebo, DAAs plus PEG-IFNa/RBV
increased SVR12 and SVR24 rates from 54% to 78% and
from 53% to 79%, respectively, in naive patients. In
treatment-experienced patients, the difference in the rate
of therapy success was higher, which may be due to a lower
response to PEG-IFNa/RBV. All drugs evaluated, except fil-
ibuvir, significantly improved SVR12 and SVR24
compared with PEG-IFN«/RBV alone, as also confirmed
in two recent network meta—anallyses.54’SS In the few trials
comparing DAAs with active controls, SVRI2 also
increased from 60% to 78%. The little information
available from RCTs with active control groups did not
allow the identification of the optimum DAA in this
context.

It has been reported that patients achieving SVR show
regression of fibrosis and reduced risk of HCC.”® However,
we could not find RCTs assessing the progression of liver
disease or cancer development. Data on mortality were
too sparse to provide reliable evidence of an effect. New
DAAs were not associated with higher incidence of SAEs
or discontinuation due to AEs. The overall rate of AEs
did not differ between DAAs and placebo. Instead, discon-
tinuations due to AEs were fewer in patients treated with
DAAs (3%) than active comparators (10%). Although
DAA therapies led to significantly increased response rates,
4% of patients did not respond, and approximately 18% of

530 © 2018 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 3 Summary of Findings for DAAs vs Placebo According to Outcomes.

DAAs compared with placebo for HCV-naive patients

Certainty assessment Summary of findings
No. of participants Risk of Inconsistency Indirectness Imprecision Publication Overall certainty Study event rates (%) Relative Anticipated absolute effects
(studies) bias bias of evidence effect
Follow-up (95% Cl)
With With Risk with Risk difference

placebo DAAs placebo with DAAs
SVR12 (follow-up: mean 12 weeks; assessed with: undetectable HCV RNA level 12 weeks after treatment discontinuation, measured with PCR)
2497 Very Serious” Not serious  Not serious None ®@O000 467/868 1272/1629 RR 1.44 538 per 237 more per 1.000
(12 RCTs) serious” Very low (53.8%) (78.1%) (1.31-1.59) 1.000 (167 more to 317more)
SVR24 (follow-up: mean 24 weeks; assessed with: undetectable HCV RNA level 24 weeks after treatment discontinuation)
1509 Very Not serious Not serious  Not serious None SR NOXO) 254/476 815/1033 RR 1.50 534 per 267 more per 1.000
(10 RCTs) serious® Low (53.4%) (78.9%) (1.36-1.64) 1.000 (192 more to 342 more)
Mortality (follow-up: mean 48 weeks)
3203 Very Not serious Serious® Serious® None @000 0/894 9/2309 RR 1.31 0 per 0 fewer per 1.000
(13 RCTs) serious” Very low (0.0%) (0.4%) (0.34-5.06) 1.000 (O fewer to O fewer)
Discontinuation due to adverse events (follow-up: mean 48 weeks)
3545 Very Not serious Not serious  Serious® None ®@000 70/1089 133/2456 RR 0.76 64 per 15 fewer per 1.000
(17 RCTs) serious® Very low (6.4%) (5.4%) (0.58-1.01) 1.000 (27 fewer to 1 more)
Serious adverse events (follow-up: mean 48 weeks)
3819 (17 RCTs) Very Not serious Not serious  Serious® None ®@O000 65/1107 168/2712 RR 0.92 59 per 5 fewer per 1.000

serious” Very low (5.9%) (6.2%) (0.70-1.21) 1.000 (18 fewer to 12 more)

®Three studies were at high risk of performance and detection bias. One study was at high risk of attrition bias.
PSubstantial heterogeneity.

“The length of follow-up does not allow any reliable evaluation of this outcome.

9The estimate confidence interval includes the null value.
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Table 4 Meta-analysis of DAAs vs Placebo. Outcome: SVR12, SVR24, and Mortality According to the Drug Administered.

Drug N studies RR 95% CI 1% (%)

Quality of evidence

Explanation for downgrading

SVR12 in naive patients®

ASU 2 1.51 1.18-1.95 0

DACL S 1.59 1.12-2.28 57
FALD 1 1.51 1.27-1.79 n.a.
FIL 1 1.14 0.97-1.33 n.a.
SIM 4 1.46 1.28-1.67 49
SOF 1 1.59 1.13-2.23 n.a.
All DAAs 12 1.44 1.31-1.59 46

SVR24 in naive” patients after 12 weeks of treatment

DACL 3 1.54 1.25-1.89 56
DAN 1 1.82 1.19-2.77 n.a.
SIM 4 1.41 1.23-1.61 0
SOF 1 1.55 1.10-2.18 n.a.
VAN 1 1.52 1.24-1.85 n.a.
All DAAs 10 1.50 1.36-1.64 3
Mortality in naive and previously treated patients

ASU 2 2.02 0.1-41.6 n.a.
DACL 2 0.74 0.03-18.07 n.a.
DAN 2 0.65 0.07-5.73 0
FIL 1 Not estimable

SIM 7 1.79 0.21-15.22 0
VAN 3 Not estimable

All DAAs 17 0.99 0.35-2.81 0

® ® ® O Moderate
® O O O Very Low
® ® ® ® High
® & OO Low
® @ ® ® High
® & OO Low
@® O O O Very Low

®® OO Low
® ® ® O Moderate
® ® ® O Moderate
@® ® ® O Moderate
® @ ® ® High
®® O O Low

®® OO Low
@® O O O Very Low

@ ® OO Low

@® O O O Very Low

@® O OO Very Low

Risk of bias®

Risk of bias (—2), inconsistency®

Risk of bias,” imprecision®

Imprecision,” publication bias

Risk of bias (—2),% inconsistency®
Risk of bias'
Risk of bias’

Imprecision”

Indirectness,” imprecision®

Risk of bias (—2),% indirectness,*
imprecision®

Indirectness,” imprecision®

Risk of bias, indirectness,"
imprecision®

ASU, asunaprevir; DACL, daclatasvir; DAN, danoprevir; FALD, faldaprevir; FIL, filibuvir; SIM, simeprevir; SOF, sofosbuvir; VAN, vaniprevir; n.a., not appli-

cable.

@0ne study on SIM (Forns 2014 39 not included in the meta-analyses, enrolled participants previously treated with PEG-INFa/RIB: RR 2.20 (95% CI

1.74-2.78).

One study on SIM (Zeuzeum 2014 2®), not included in the meta-analyses, enrolled participants previously treated with PEG-INF/RIB RR 2.93 (95% Cl

1.82-4.72).
°One study was at high risk of performance and detection bias.

90ne study was at high risk of performance and detection bias. One study was at unclear risk of performance and detection bias. One study was at high

risk of of attrition bias.
°Substantial heterogeneity.

One study was at unclear risk of selection and performance bias and at high risk of detection bias.

£The estimate confidence interval includes the null value.

"The study involves a small sample size, which is not sufficient to have the needed power.

'One study was at unclear risk of performance and detection bias.

Jone study was at unclear risk of selection bias and at high risk of performance and detection bias.
The length of follow up does not allow any reliable evaluation of this outcome.

previously treated and 11% of naive patients relapsed as
compared to 25% of controls.

The main finding of this review is that the average mea-
sure of SVR12 or SVR24 estimated in comparative RCTs is
around 80%. Although smaller than generally reported, this
finding represents an absolute increase in response of about
25% from the introduction of DAAs. According to the
GRADE evaluation, the certainty of this estimate is not

optimal given some limitations in the design of several tri-
als. However, this effect is so large that it could be consid-
ered as a benchmark of the benefit of these classes of drugs.
The indisputably improved SVR to DAAs should be put
in a wider perspective in which several open questions call
for a systematic comparative approach through RCTs.
First, however large, the SVR rate we observed for coad-
ministration of DAAs and PEG-IFNa/RBV is consistent

532 © 2018 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Figure 3 Meta-analysis of DAAs vs placebo. Outcome: SVR12 and SVR24 for 12 and 24 weeks of treatment in naive patients according to the drug.

DAAs, direct-acting antiviral agents.

with the rates usually reportedm’*%’59 but smaller than the
rate reported for the IFN-free regimens based on DAAs."®
This may be due to the fact that the response rates we
found come from RCTs comparing DAAs with other con-
trols to highlight the net effect of DAAs. SVR12 rates of up
to 90-100% reported in other reviews come from pooling
data also from cohort studies or uncontrolled trials or tri-
als comparing different regimens of the same d.rug.ls’ss’58
These studies are usually prone to generate larger
treatment effects, so they should be interpreted with
great caution.”’

One second aspect to consider is the increasing use of
various combinations of DAAs (Supplementary Table
1)°”°" which reportedly achieve even higher SVR, making
the finding of the present review possibly disappointing,
although possibly more reliable. Ideally, the introduction

Journal of Clinical and Experimental Hepatology | July-August 2019 | Vol. 9 | No. 4 | 522-538

of regimens combining two or more DAAs should be
driven by RCTs testing any new single component of the
combinations as an add-on compared to placebo. Different
combinations should be compared to each other in RCTs
too. Uncontrolled trials would provide limited informa-
tion on the respective contribution of each DAA to the ef-
ficacy and the place in therapy of a given combination.
Uncontrolled studies would also poorly contribute to sys-
tematic reviews and meta-analyses. Despite many regis-
tered clinical trials evaluating oral DAA combinations
reporting exciting results of effectiveness, outcomes in
real-world patients are lower and suggest that treatment
may fail in around 10-20% of patients. This is likely to
mainly occur in special patient populations, such as HIV-
positive persons, transplant recipients, and patients with
advanced cirrhosis or renal insufficiency, hepatitis B or D

533
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coinfection, and prior DAA failures.®” ** Several IFN-free
regimens are currently available with a favorable safety
profile and report SVR12 rates of treatment in more than
90% of HCV patients with genotype 3, and up to 100% in
patients with genotype 1, 2, or 4, and so will other combi-
nations in the future.®®®” It is worth noting that the role of
RBV in the different treatment regimens is still debated.
Many studies included treatment arms with or without
RBV, and some of these showed a clear benefit, whereas
others did not.*®

The third question to consider is that whatever the real-
istic estimate of the effect of DAAs is and their combina-
tions in terms of SVR, we still ignore how far this
translates into long-term benefits.

Besides the eradication of the HCV infection, the goal
of the treatment with DAAs should be preventing or de-
laying liver cirrhosis and its consequences, such as liver
transplant and HCC. Given the recent introduction of
these drugs and the short follow-up of trials, data about
recurrence, liver disease progression, and liver complica-
tions are scarce. Future epidemiological studies may prove
the hoped-for reduction in mortality and HCC inci-
dence.”” A rigorous and well-organized prospective
comparative research plan can contribute reliable data to
those studies.

Furthermore, DAAs offer shorter treatment duration
and easier disease management also for cirrhosis or trans-
planted patients and nonresponders than previous thera-
pies.””

One further open issue regards the subsets of infected
patients who will best benefit from DAAs. The correct
determination of the HCV genotype is important in guid-
ing the choice of the most appropriate antiviral regimen
based on PEG/IFNa-RBV.”""* Now, new DAAs, being
genotype-dependent treatment regimens, ensure large
treatment response rates for all infected patients.73 It is
important to underline that patients with HCV genotype
1b have more treatment options than patients with others
genotypes.14

The studies included in our review explored several
baseline predictors of response to interferon-based
regimens and reported that those factors influencing the
response included IL28b polymorphism, older age, high
viral load, ethnicity, and advanced fibrosis stage. Only
one study”” assessed the statistical association of pretreat-
ment factors and SVR and showed that HCV genotype 3
infection was significantly associated with reduced rates
of SVR12 as compared with HCV genotype 2 (P < 0.001).

A further issue that deserve future investigation is the
development of resistance-associated variants (RAVs). It
is still to be determined if RAV exists before treatment initi-
ation, as a naturally occurring variant, or if RAV is acquired
at infection or during DAA therapy. RAV prevalence seems
to depend on HCV genotype and could induce treatment
failure.”*”*

PECORARO ET AL

Several types of RAVs are described in the literature. For
NS3/4A protease inhibitors, RAVs sometimes disappear
gradually after DAA therapy is stopped, whereas for
NS5A inhibitors and NSSB polymerase inhibitors, RAVs
tend to persist for more than 2 years.76 Although no longer
a component of most preferred regimens, PEG/IFN is
active in patients with RAV and therefore remains a viable
adjunctive option for many treatment-experienced pa-
tients.””

Twenty studies included in our systematic reviews
examined the role of several RAVs on DAAs response, for
instance, Q80K, R155, D168 1170V, YSG6F, and V1321 for
the NS3 gene and 158S, R30Q, and L31M for the NSSA
gene. In seven studies, the presence of the Q80K polymor-
phism at baseline was associated with a lower SVR12 rate
in patients treated with simeprevir (data not shown).

Resistance affects DAAs response, but its impact is diffi-
cult to quantify given the concomitant use of different
types of sequencing technologies to detect RAV, which
could in turn hamper the comparability.

Response to DAAs may also be affected by drug-drug
interactions, especially in patients with comorbidities or
treated with multiple medications. The interactions
regarding cytocrome (CYP) P450 isoenzyme pathway
involved in DAA metabolism are of particular interest.
For instance, simeprevir and daclatasvir are metabolized
by CYP450 isoform 3A4, and concomitant use of
CYP3A4 inducers decrease drug exposure, potentially
compromising their therapeutic effect. Ledipasvir and el-
basvir are inhibitors of p-glycoprotein and breast cancer re-
ceptor protein. Drug-drug interaction are particularly
relevant for combination regimens including ritonavir,
given its potent CYP3A4 enzyme inhibitory effect that
can increase the plasma concentration of other coadminis-
tered drugs, e.g. paritaprevir' """/

The question of treatment affordability is imposed by
the high costs that disappointingly limit the clinical adop-
tion of DAAs in some countries. Current guidelines recom-
mend treating patients with a life expectancy of more than
a year, and recently some governments have made treat-
ment available to a large group of patients, including those
with cirrhosis. Nevertheless, the treatment of patients with
limited or no fibrosis could help reduce HCV transmis-
sion.”® Comparative data on robust clinical endpoints are
needed to address these questions too because RCTs can
better define the value of the various DAAs, their combina-
tions and regimens, and their respective cost-effectiveness
in different patients subgroups.

Other systematic reviews have previously published on
DAAs efficacy and safety.15’54‘55’:7‘58 A recent Cochrane
systematic review by Jakobsen et al”’ evaluating the bene-
fits and harms of DAAs, highlights the limited data on clin-
ical effects of these drugs on the management of patients
infected by HCV. Considering hepatitis C-related
morbidity and serious adverse events as primary outcomes,

534 © 2018 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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the authors conclude that there was no evidence of signif-
icant effects on the risk of SAEs and that there was not
enough information to confirm that these drugs had any
clinically relevant effects. As in our review, trials included
in the Cochrane systematic review contribute few data
regarding mortality, which along with the short follow-
up did not allow us and our colleagues from the Cochrane
Collaboration to correctly evaluate this outcome. Our re-
sults are also aligned with the findings reported by Jakob-
sen et al”” in that DAAs seems to increase the SVR rate in
patients enrolled in the experimental group with respect to
those enrolled in the control group. However, the Co-
chrane colleagues put into question the SVR as a nonvali-
dated surrogate outcome. Similarly, our meta-analyses
showed that 12-week treatment with DAAs and PEG/
IFN@-RBV in naive patients increased SVR12 and SVR24
compared with controls, but the quality of evidence was
very low and low, respectively. The large number of pa-
tients and studies increased the power of Jakobsen's
meta-analysis, whereas both our studies conclude the un-
certain relevance of the clinical effect of DAAs. Most of
the trials included in our systematic review reported
short-term results, so it is difficult to evaluate long-term ef-
fects of DAAs, such as HCC. Overall, the quality of evidence
for all outcomes considered was generally very low, in
agreement with the assessment of Jakobsen et al. The Co-
chrane review differs from this current systematic review
in terms of participants and interventions considered for
inclusion. Trial eligibility for our review included patients
with HCV treated with DAAs and PEG/IFN«a-RBV, whereas
the review of Jakobsen et al also included trials evaluating
different DAAs regimens or combinations (e.g. IFN-free
regimens, short-term treatment, or combination of two
DAA:s), different drugs (e.g. telaprevir or boceprevir, or
drugs recognized by molecule names), or drugs not equally
distributed between intervention and control groups (e.g.
all patients taking the interventional drug) and patients
with comorbidities (e.g. coinfected by HIV). Not all of these
trials met our inclusion criteria, as reported in the Methods
section and in S2 Table, and therefore were not included in
the present review.

This systematic review has a number of limitations that
call for caution in result interpretation. Our meta-analysis
included few trials testing DAA add-ons to PEG-IFN«/
RBV compared with placebo or first-generation Prls. How-
ever, because recent studies are mainly cohort or uncon-
trolled studies focusing on IFN-free DAA combinations,
the studies included in our meta-analysis are likely to
remain the only RCTs evaluating DAAs for anti-HCV treat-
ment. Our systematic review is also limited by the rapid
evolution of the treatment strategy, as shown by the num-
ber of ongoing trials we identified. Although most RCTs
are homogeneous in terms of study design and patients
characteristics, moderate-to-high heterogeneity among tri-

als afflicts our meta-analysis, possibly due to the small
number of RCTs included and differences in sample size
and study phases (phase 2 and 3). In addition, the effect es-
timates for each DAA were similar to the overall effects
because only single comparisons were available for most
of the cases. Moreover, included trials enrolled selected
populations, and the duration of the interventions were
short, limiting the assessment of long-term effects, which
usually develop after many years, and consequently
limiting the impact of results. The funnel plot on SVR12
showed a slight asymmetry, suggesting possible publica-
tion bias. Finally, it should be considered that all the
studies were funded by the pharmaceutical industry.

In conclusion, new DAAs are reportedly associated with
better SVR12 and SVR24 rates, possibly leading to clinical
benefits, but some included studies were at high risk of
detection and attrition bias, and the overall quality of evi-
dence was very low. Our systematic review, even if RCTs
comparing DAAs plus PEG-IFN«/RBV with placebo or
active comparators are included only, highlights these
great results. We selected this approach as we believe
comparative efficacy is the most suitable means to estab-
lish the respective efficacy and place in therapy of single
DAAs and their combinations. The inclusion criteria of
our review are a likely explanation for the lower SVR rates
detected than those of nonrandomized studies, which
generally amplify treatment effects.®” RCTs included in
our systematic review did not report the risk of developing
liver disease or HCC. These long-term effects, along with
any possible survival benefit, need to be investigated
further. As long-lasting RCTs addressing these issues are
hardly feasible, epidemiological studies are more likely to
answer these questions. However, future systematic reviews
should preferably rely on comparative RCTs to inform clin-
ical and regulatory decisions with regard to DAAs combi-
nation, regimens, and cost-effectiveness.

Conceived as a first step of a long, continuous review
process, the present work provides essential information
on single pieces of a complex puzzle and suggests the suit-
able methodological approach to contribute to the overall
picture of therapeutic strategies against HCV.
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