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Highlights
e The present study summarizes the SVR rate in patients with/
without liver cancer treated with all oral DAAs.

e The cure rate was lower in patients with liver cancer,
especially those with active cancer.

e Additional controlled studies are needed to study the impact
of liver cancer on HCV cure rate in DAA-treated patients.
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Lay summary

There are now medications (direct-acting
antivirals or “DAAs) that can “cure hep-
atitis C virus, but patients with hepatitis C
and liver cancer may be less likely to
achieve cure than those without liver
cancer. However, patients with liver can-
cer are also more likely to have advanced
liver disease and risk factors that can
decrease cure rates, so better controlled
studies are needed to confirm these
findings.

© 2019 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2019, 71, 473-485



Research Article
Viral Hepatitis

Check for
updates

JOURNAL
OF HEPATOLOGY

Sustained virologic response to direct-acting antiviral therapy
in patients with chronic hepatitis C and hepatocellular carcinoma:
A systematic review and meta-analysis

Fanpu Ji"**** Yee Hui Yeo*", Mike Tzuhen Wei?, Eiichi Ogawa®”, Masaru Enomoto®,
Dong Hyun Lee?’, Etsuko lio®, John Lubel®, Wenjun Wang', Bin Wei?, Tatsuya Ide',
Carmen Monica Preda'’, Fabio Conti'?, Tatsuya Minami'®, Rob Bielen'#, Hitomi Sezaki'®,
Michele Barone'®, Philippe Kolly!”"'¥, Po-sung Chu'®, Victor Virlogeux?’, Dennis Eurich?’,
Linda Henry?, Michelle B. Bass??, Takanori Kanai'?, Shuangsuo Dang', Zongfang Li**,
Jean-Francois Dufour'”"'®, Fabien Zoulim?”**, Pietro Andreone'?, Ramsey C. Cheung”?*,
Yasuhito Tanaka®, Norihiro Furusyo®, Hidenori Toyoda?®, Akihiro Tamori®, Mindie H. Nguyen®*

'Department of Infectious Diseases, the Second Affiliated Hospital of Xi'an Jiaotong University, Xi’an, People’s Republic of China; 2Division of
Gastroenterology and Hepatology, Stanford University Medical Center, Palo Alto, CA, USA; >National & Local joint Engineering Research Center
of Biodiagnosis and Biotherapy, the Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an, People’s Republic of China; “Shaanxi Provincial
Clinical Research Center for Hepatic & Splenic Diseases, the Second Affiliated Hospital of Xi’an Jiaotong University, Xi'an, People’s Republic of
China; ®Department of General Internal Medicine, Kyushu University Hospital, Fukuoka, Japan; ®Department of Hepatology, Osaka City
University Graduate School of Medicine, Osaka, Japan; "Division of Gastroenterology, Department of Internal Medicine, Good Gang-An Hospital,
Busan, Republic of Korea; 8Department of Virology & Liver Unit, Nagoya City University, Graduate School of Medical Sciences, Nagoya, Japan;
SEastern Health Clinical School, Monash University, Melbourne, Victoria, Australia; '°Division of Gastroenterology, Department of Medicine,
Kurume University School of Medicine, Fukuoka, Japan; '!University of Medicine and Pharmacy “Carol Davila”, Department of
Gastroenterology and Hepatology, Clinical Institute Fundeni, Bucharest, Romania; 2Research Centre for the Study of Hepatitis, Department
of Medical and Surgical Sciences, University of Bologna, Bologna, Italy; 3Department of Gastroenterology, Graduate School of Medicine, The
University of Tokyo, Japan; “*Faculty of Medicine and Life Sciences, Hasselt University, Belgium; *>Department of Hepatology, Toranomon
Hospital, Tokyo, Japan; ®Gastroenterology Unit, Department of Emergency and Organ Transplantation, Azienda Universitario-Ospedaliera
Policlinico, University of Bari, Bari, Italy; ' Department of Clinical Research, University of Bern, Bern, Switzerland; 'University Clinic of
Visceral Surgery and Medicine, Inselspital Bern, Bern, Switzerland; '°Division of Gastroenterology and Hepatology, Department of Internal
Medicine, Keio University School of Medicine, Tokyo, Japan; 2°Department of Hepatology, Groupement Hospitalier Nord, Hospices Civils
de Lyon, Lyon, France; 2'Department of Surgery Campus Charité Mitte / Campus Virchow-Klinikum, Berlin, Germany; **Lane Medical
Library & Knowledge Management Center, Stanford University, Palo Alto, CA, USA; >3Cancer Research Center of Lyon (CRCL-INSERM U1052),
Lyon University, Lyon, France; 2Division of Gastroenterology and Hepatology, Veterans Affairs Palo Alto Health Care System, Palo Alto,
CA, USA; *>Department of Gastroenterology, Ogaki Municipal Hospital, Ogaki, Japan

Background & Aims: The effect of hepatocellular carcinoma
(HCC) on the response to interferon-free direct-acting antiviral
(DAA) therapy in patients with chronic hepatitis C (CHC) infec-
tion remains unclear. Using a systematic review and meta-
analysis approach, we aimed to investigate the effect of DAA
therapy on sustained virologic response (SVR) among patients
with CHC and either active, inactive or no HCC.

Methods: PubMed, Embase, Web of Science, and the Cochrane
Central Register of Controlled Trials were searched from
1/1/2013 to 9/24/2018. The pooled SVR rates were computed
using DerSimonian-Laird random-effects models.

Results: We included 49 studies from 15 countries, comprised
of 3,341 patients with HCC and 35,701 without HCC. Overall,
the pooled SVR was lower in patients with HCC than in those

Keywords: Asian; Non-Asian; Liver transplant; Real-world analysis; HCC treatment.
Received 23 July 2018; received in revised form 31 March 2019; accepted 25 April 2019;
available online 13 May 2019
* Corresponding author. Address: Division of Gastroenterology and Hepatology,
Stanford University Medical Center, 750 Welch Road, Suite 210, Palo Alto, CA 94304,
USA. Tel.: +1 650 498 5691; fax: +1 650 498 5692.
E-mail address: mindiehn@stanford.edu (M.H. Nguyen).

# These 2 authors contributed equally to the work.

Journal of Hepatology 2019 vol. 71 | 473-485

without HCC (89.6%, 95% Cl 86.8-92.1%, I>=79.1% vs. 93.3%,
95% CI 91.9-94.7%, I* = 95.0%, p = 0.0012), translating to a 4.8%
(95% CI 0.2-7.4%) SVR reduction by meta-regression analysis.
The largest SVR reduction (18.8%) occurred in patients with
active/residual HCC vs. inactive/ablated HCC (SVR 73.1% vs.
92.6%, p = 0.002). Meanwhile, patients with HCC who received
a prior liver transplant had higher SVR rates than those who
did not (p <0.001). Regarding specific DAA regimens, patients
with HCC treated with ledipasvir/sofosbuvir had lower SVR
rates than patients without HCC (92.6%, n=884 vs. 97.8%,
n=13,141, p=0.026), but heterogeneity was high (F* = 84.7%,
p <0.001). The SVR rate was similar in patients with/without
HCC who were treated with ombitasvir/paritaprevir/ritonavi
r + dasabuvir (n=101) (97.2% vs. 94.8%, p =0.79), or daclatas-
vir/asunaprevir (91.7% vs. 89.8%, p = 0.66).

Conclusion: Overall, SVR rates were lower in patients with HCC,
especially with active HCC, compared to those without HCC,
though heterogeneity was high. Continued efforts are needed
to aggressively screen, diagnose, and treat HCC to ensure higher
CHC cure rates.
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Lay summary: There are now medications (direct-acting antivi-
rals or “DAAs”) that can “cure” hepatitis C virus, but patients
with hepatitis C and liver cancer may be less likely to achieve
cure than those without liver cancer. However, patients with
liver cancer are also more likely to have advanced liver disease
and risk factors that can decrease cure rates, so better controlled
studies are needed to confirm these findings.

© 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction

Chronic hepatitis C virus (HCV) infection affected an esti-
mated 71.1 million patients worldwide in 2015 and is a lead-
ing cause of liver cirrhosis and hepatocellular carcinoma
(HCC).! Among patients who have undergone treatment with
curative intent for HCC, early hepatic decompensation and
HCC recurrence were the major drivers of mortality.? In
recent studies of chronic hepatitis B-related HCC, antiviral
therapy was shown to significantly reduce overall long-term
mortality even in patients with very advanced HCC or decom-
pensated cirrhosis, including those who were only receiving
palliative treatment for HCC.2>~® Prior to the advent of inter-
feron (IFN)-free direct-acting antiviral (DAA) therapy, patients
with HCV-related HCC were often excluded from anti-HCV
therapy as they tended to be older and had multiple non-
liver and liver comorbidities, many of which rendered them
unsuitable candidates for IFN-based therapy. Since 2014,
many of these patients with HCC became treatment candi-
dates for their chronic hepatitis C (CHC), despite the presence
of advanced liver disease and comorbidities, as DAA therapy
is not only highly efficacious but well tolerated.” Individual
real-world studies to date have included patients with HCC
from both the East and West, and some have reported signif-
icantly lower cure rates.> '* However, most studies had small
sample sizes and heterogeneous patient demographic and
clinical characteristics.

Therefore, we performed a systematic review and meta-
analysis to evaluate the effect of HCC on cure rates in DAA-
treated patients with CHC, taking into account various viral,
host and tumor factors.

Materials and methods

Search strategy and selection criteria

This study was performed based on a pre-defined and registered
protocol (PROSPERO: CRD42017079155). We searched PubMed,
Embase, Web of Science, and the Cochrane Central Register of
Controlled Trials for relevant studies published from January
1, 2013 to September 24, 2018 without language restrictions.
The search strategy, developed by a medical librarian (MBB),
included (“direct-acting antiviral” OR “DAA”) AND (“hepatocel-
lular carcinoma” OR “HCC” OR “carcinoma, hepatocellular” OR
“liver cancer” OR “liver neoplasms”) AND (“hepatitis C” OR
“hepatitis C antibodies” OR “hepatitis C antigens” OR “hep-
acivirus”) (further details in supplementary information). We
also manually searched the reference lists of included articles
and relevant systematic reviews for additional appropriate
studies to include in this analysis. In addition, we contacted
authors of relevant studies to clarify inclusion/exclusion criteria
and/or for additional aggregate data as needed for data analysis,
including subgroup analyses.
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Three independent reviewers (FP], MTW and BW) screened
the titles and abstracts for eligibility using a pre-planned list
of inclusion/exclusion criteria. Eligible studies were original
research studies published as full articles, which included at
least 10 adult (218 years) patients with HCV-related HCC who
were treated with IFN-free DAAs and reported SVRs separately
for patients with HCC. We did not include articles that only
recruited patients without HCC. SVRs may be measured 12 or
24 weeks after the end-of-treatment. We excluded studies that
included >5% of patients co-infected with hepatitis B or human
immunodeficiency virus, or if we did not have sufficient data to
calculate SVRs. If there were multiple reports from the same
cohort, the most recent report or the most complete one includ-
ing subgroup data was selected.

Data extraction

Three reviewers (FPJ, MTW and BW) screened the full texts
according to the inclusion/exclusion criteria and extracted data
separately, with discrepancies resolved by consensus with 2
other investigators (YHY and MHN). Following the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE)
statement for reporting meta-analyses of observational stud-
ies,’> we developed a case report form to abstract the following
information from each study: The first author’s name, year of
publication, study design, study type, study country, scale of
study (single vs. multicenter), patient demographics including
age, gender, study location (Asia vs. outside Asia), severity of
liver disease (non-cirrhosis vs. cirrhosis and compensated cir-
rhosis vs. decompensated cirrhosis), prior history of HCV treat-
ment (treatment naive vs. treatment experienced), tumor
status (active tumor vs. inactive tumor), non-transplant tumor
treatment prior to DAA therapy (radiofrequency ablation
[RFA]/surgical  resection/transarterial = chemoembolization
[TACE]/others), liver transplantation for tumor prior to antiviral
therapy (HCC non-LT vs. HCC/LT), HCV genotype (GT) and DAA
regimens. Treatment outcomes were determined by SVR (SVR
at 12 or 24 weeks after completion of therapy). For studies with
outcomes for both SVR 12 and 24, we extracted the former data.
Intention-to-treat analyses were favored over modified
intention-to-treat or per-protocol analyses for studies that pro-
vided both measures. If relevant data were not readily accessi-
ble, authors were contacted for additional data and/or for
clarification. We reported this systematic review and meta-
analysis in accordance with the PRISMA statement.'®!”

Quality assessment

The quality of included studies was appraised by 2 authors
independently using the modified Newcastle-Ottawa scale
(NOS), which was used for observational studies in the meta-
analysis.'® In this scale, observational studies were scored
across 3 categories: Selection (up to 4 points), comparability
(up to 2 points), and exposure or outcome of study participants
(up to 3 points). Studies with a cumulative score >7, 4-6, and <4
were considered as high, fair, and low quality, respectively. Dis-
agreements in the above procedures were resolved by joint re-
evaluation of the full text with a third investigator (MHN or
YHY).

Statistical analyses

The primary outcome of this study was the pooled SVR rate in
patients with or without HCC, pooled SVR rate by regimen
and/or GT, and overall SVR by study location (Asia vs. outside
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Asia). We performed a meta-analysis of proportion to compute
the pooled estimates by using a random-effects model
(DerSimonian-Laird Method). Given that the SVR rates in many
studies were very high and close to 100%, we employed the
Freeman-Tukey double arcsine transformation to transform
the pooled estimates and stabilize the variance.'® All 95% Cls
were estimated using the Wilson score method. Heterogeneity
across the included studies was assessed using Cochran Q-
statistics and I? statistics, with [ statistics <50%, 50-75%, and
>75% considered as mild, moderate, and severe heterogeneity,
respectively. We conducted subgroup analyses to determine
the source of heterogeneity. In addition, we performed
random-effects meta-regression to examine whether the
heterogeneity could be explained by the variables in subgroup
analyses. To determine the difference in SVR (and correspond-
ing 95% CI) between the pooled estimates of 2 subgroups, we
back-transformed the output of meta-regression and computed
the difference between intercept and estimate of relevant vari-
able. As this is a meta-analysis of studies of proportion data, we
used the method described by Peters et al. to evaluate for pub-
lication bias.?° All statistical analyses were conducted using the
meta and ggplot2 packages in R(3.3.2).2!?2 The threshold of sta-
tistical significance was set as a 2-tail p value below 0.05.

For further details regarding the materials used, please refer
to the CTAT table and supplementary information.

Results

Of the 6,249 citations identified from PubMed, Embase, Web of
Science, Cochrane Databases, and an additional 44 studies
identified via manual bibliography review, 49 full-text studies,
comprising 3,341 patients with HCC and 35,701 without HCC
were included in the final analysis (Fig. 1).8-1223-%6 We also
contacted authors and obtained further detailed data from
1,070 patients with HCC and 8,714 without HCC in 20
Studies.]2,23—25,27—29,31,34,35,37,39,46,47.50,53,58—61 The included
studies were conducted in 15 countries: Japan (18), USA (7),
Italy (6), Egypt (3), France (3), China (2), Spain (2), and 1 each
from United Kingdom, Germany, Switzerland, Romania,
Belgium, Australia, Canada, and Poland.

A summary of study characteristics is shown in Table 1.
Regarding the quality of studies, 35 were considered
high quality with cumulative NOS score of 7 points or
greater'&Q.l1,12,23—25.27—33,35—40,42—44,46,47,49.53.54,56,58—60,62—64 and

the remaining 14 studies had fair quality (4-6 points)
(Table S1 ).l0,26,34,41,45,48,50—52,55,57,6],65,66

Comparison of pooled SVR rates for all patients with or
without HCC, overall and by DAA regimen
The overall SVR rate for all 39,042 patients included in the 49
studies was 91.8% (95% C190.5-93.0%) (Fig. 2, Table S2). The over-
all SVR rate among patients with HCC (n = 3,341) was lower than
in those without HCC (n =35,701) (89.6%, 95% CI 86.8-92.1% vs.
93.3%,95% C191.9-94.7%, p = 0.0012). On meta-regression analy-
sis, patients with HCC had a 4.8% (95% CI 0.2-7.4%) reduction in
SVR rate compared to those without HCC. Publication bias analy-
sis showed no significant bias in either the HCC group (p = 0.17),
or the non-HCC group (p = 0.109).

In stratified analyses by DAA regimen, SVRs in patients with
HCC treated with any sofosbuvir (SOF)-based regimen
(n=1,694) were lower than SVRs of patients without HCC
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6,249 records identified
2,081 PubMed
3,515 Embase
511 Web of Science
142 Cochrane library

—-{ 1,604 duplicates removed ‘

4,645 records screened ‘

4,447 title/abstracts excluded
due to ineligibility

44 manually searched
references listed in articles
and systematic reviews

242 full text articles
assessed for eligibility

193 full text articles excluded
101 DAA for non-HCC only
33 insufficient data of SVR
21 small sample size*

19 only IFN-based regimen
for HCC

16 duplicate populations

3 cancer but no-HCC

49 full text articles
included in final synthesis*

Fig. 1. Flow chart of the study screening and selection for inclusion in the
meta-analysis. ¥<10 Patients with HCC in all IFN-free DAA regimens. *Japan
(18), USA (7), Italy (6), France (3), Egypt (3), Spain (2), China (2), Germany (1),
Switzerland (1), Romania (1), Belgium (1), Australia (1), UK (1), Canada (1),
Poland (1). DAA, direct-acting antiviral; IFN, interferon; HCC, hepatocellular
carcinoma; SVR, sustained virologic response.

treated with SOF-based regimens (n=26,355) (86.7%, 95%
Cl  82.1-90.8% vs. 94.6%  95% CI  92.7-96.2%,
p <0‘0001).8—10,12,25,34—44.46,47,50,53—55,59,61—65 The same trend
was noted for those treated with ledipasvir/sofosbuvir (LDV/
SOF) (92.6%, 95% CI 85.9-97.5% [n = 884 HCC] vs. 97.8%, 95% CI
95.0-99.6% [n=13,141 non-HCC], p=0.026) (Table S2,
Fig. §2)82534-38475355 (orresponding to a 9.2% (95% ClI
3.0-13.2%) and 6.4% (95% CI —1.7 to 12.5%) reduction in SVR
on meta-regression analyses, respectively.

In contrast, SVR rates were similar in patients with or
without HCC who received ombitasvir/paritaprevir/ritonavir +
dasabuvir (3D/2D) (97.2%, 95% CI 92.2-99.9% [n=101 HCC],
vs. 94.8% 95% CI 92.3-96.9% [n=5,438 non-HCC],
p =0.79)%4658-60 or daclatasvir/asunaprevir (DCV/ASV) (91.7%,
95% CI 88.4-94.5% [n =584 HCC] vs. 89.8%, 95% Cl 87.7-91.7%
[n=2,997 non-HCC], p=0.66) (Fig. 3, Figs. S3 and S4,
Table $2).23-32

Comparison of pooled SVR rates for patients with inactive
HCC or no HCC, overall and by DAA regimen

The overall SVR rate among patients with inactive HCC was
92.0% (95% CI 89.4-94.3%), which was still lower than that of
patients without HCC (94.5%, 95% CI 93.0-95.9%, p=0.0111)
(Fig. S5).%11:23-4246-53,57-58.60-6466 The presence of inactive
HCC was associated with a 3.6% (95% CI 0.9-6.1%) reduction in
SVR rate on meta-regression analysis. The pooled SVR rate with
SOF-based regimens was also lower in those with inactive HCC
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Table 1. Eligible studies listed by region (Asia then non-Asia) and by country within each region in the order of decreasing number of studies.

Ref. Country/area Genotype Regimen SVR12 SVR in HCC SVR in non-HCC  Subgroup analysis Included*
or 24 patient (n/N, %) patients (n/N, %)
23 Japan GT1b DCV/ASV SVR12 96/111, 469/540, SOF-based vs. 2D/3D vs. DCV/
86.5% 86.9% ASV; TE vs. TN; LC vs. non-LC;
LT vs. non-LT; Active vs.
inactive
24 Japan GT1b DCV/ASV SVR12  55/59, 235/262, SOF-based vs. 2D/3D vs. DCV/
93.2% 89.7% ASV; TE vs. TN; LC vs. non-LC;
LT vs. non-LT; Active vs.
inactive
25  Japan GT1/2 DCV/ASV SVR 24  143/167, 943/1022, SOF-based vs. 2D/3D vs. DCV/
LDV/SOF + RBV 85.6% 92.3% ASV; LT vs. non-LT
SOF + RBV
26  Japan GT1 DCV/ASV SVR12  12/12, 106/111, SOF-based vs. 2D/3D vs. DCV/
100% 95.5% ASV; LT vs. non-LT; Active vs.
inactive
27  Japan GT1 DCV/ASV SVR12  83/91, 473/550, SOF-based vs. 2D/3D vs. DCV/
91.2% 86.0% ASV; LC vs. non-LC; LT vs. non-
LT; Active vs. inactive
28  Japan GT1 DCV/ASV SVR 12  15/16, 83/85, SOF-based vs. 2D/3D vs. DCV/
LDV/SOF + RBV 93.8% 97.6% ASV; LT vs. non-LT; Active vs.
inactive
29  Japan GT1b DCV/ASV SVR24  22/22, 116/123, SOF-based vs. 2D/3D vs. DCV/
100% 94.3% ASV; LC vs. non-LC; LT vs. non-

LT; Active vs. inactive;
LT/surgical resection/local
ablation vs. TACE/others

30 Japan GT1b DCV/ASV SVR 12  28/30, 152/176, SOF-based vs. 2D/3D vs. DCV/
93.3% 86.4% ASV; LT vs. non-LT; Active vs.
inactive
31 Japan GT1 DCV/ASV SVR12  107/120, 448(509, SOF-based vs. 2D/3D vs. DCV/
89.2% 88.0% ASV; LC vs. non-LC; LT vs. non-
LT; Active vs. inactive
32 Japan GT1 DCV/ASV SVR 24  27/34, 79/86, SOF-based vs. 2D/3D vs. DCV/
79.4% 91.9% ASV; LT vs. non-LT; Active vs.
inactive
33  Japan GT1/2 DCV/ASV SVR24  76/83, 646/669, LT vs. non-LT; LT/surgical
LDV/SOF + RBV 91.6% 96.6% resection/local ablation vs.
2D +RBV TACE/others
SOF + RBV
34  Japan GT1/2 DCV/ASV SVR12  23/27, - SOF-based vs. 2D/3D vs. DCV/
LDV/SOF + RBV 85.2% ASV; LT vs. non-LT; LC vs. non-
SOF + RBV LC; Active vs. inactive;

LT/surgical resection/local
ablation vs. TACE/others

35 Japan GT1b LDV/SOF + RBV SVR 12  84/88, 679/684, SOF-based vs. 2D/3D vs. DCV/
95.5% 99.3% ASV; LT vs. non-LT; TE vs. TN;
LC vs. non-LC; Active vs.
inactive
36  Japan GT1 LDV/SOF + RBV SVR 12  41/43, 195/197, SOF-based vs. 2D/3D vs. DCV/
95.3% 99.0% ASV; LT vs. non-LT;
37  Japan GT1 LDV/SOF + RBV SVR 12 41/46, 473/484, SOF-based vs. 2D/3D vs. DCV/
89.1% 97.7% ASV; LT vs. non-LT; LC vs. non-
LC; Active vs. inactive
38  Japan GT1 LDV/SOF SVR12  152/159, 1286/1302, SOF-based vs. 2D/3D vs. DCV/
95.6% 98.8% ASV; LT vs. non-LT; Active vs.
inactive
39 Japan GT2 SOF + RBV SVR 12  19/20, 408/426, SOF-based vs. 2D/3D vs. DCV/
95% 95.8% ASV; LT vs. non-LT; TE vs. TN;
LC vs. non-LC; Active vs.
inactive
40  Japan GT2 SOF + RBV SVR 12 2329, 137/153, SOF-based vs. 2D/3D vs. DCV/
79.3% 89.5% ASV; LT vs. non-LT; Active vs.
inactive
41 Mainland China GT1b SOF/DCV + RBV SVR12  10/10, 20/21, SOF-based vs. 2D/3D vs. DCV/
100% 95.2% ASV; LT vs. non-LT; TE vs. TN;

LC vs. non-LC; Active vs.
inactive; LT/surgical resection/
local ablation vs. TACE/others

(continued on next page)
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Ref. Country/area Genotype Regimen SVR 12 SVR in HCC SVR in non-HCC  Subgroup analysis Included*
or 24 patient (n/N, %) patients (n/N, %)
42  Taiwan GT1/2/3/6 SOF/DCV + RBV SVR 12%  20/20, 99/104, SOF-based vs. 2D/3D vs. DCV/
100% 95.2% ASV; LT vs. non-LT; Active vs.
inactive
8 USA GT1/2/3/4 LDV/SOF * RBV SVRE 439/553, 13851/15200, SOF-based vs. 2D/3D vs. DCV/
2D/3D + RBV 79.4% 91.1% ASV; LT vs. non-LT; TE vs. TN;
SOF = RBV LC vs. non-LC; LT/surgical
resection/local ablation vs.
TACE/others
9 USA GT1/2/3/other LDV/SOF + RBV SVR12  106/135, 251/284, SOF-based vs. 2D/3D vs. DCV/
SOF + RBV 78.5% 88.4% ASV; LC vs. non-LC; Active vs.
SOF/SMV + RBV inactive
3D +RBV
43  USA GT1/2/3/4 SOF + RBV SVR 12  30/43, - SOF-based vs. 2D/3D vs. DCV/
69.8% ASV; LT vs. non-LT; LC vs. non-
LC; Active vs. inactive
44 USA GT1 SOF/SMV * RBV SVR 12 10/16, 146/183, SOF-based vs. 2D/3D vs. DCV/
62.5% 79.8% ASV;
10 USA GT1/2/3/4 LDV/SOF * RBV SVR12  14/21, - SOF-based vs. 2D/3D vs. DCV/
SOF + RBV 66.7% ASV; Active vs. inactive
SOF + SMV + RBV
12 USA GT1/2/3/6 LDV/SOF + RBV SVR12  14/17, 88/93, SOF-based vs. 2D/3D vs. DCV/
SOF + SMV + RBV 82.4% 94.6% ASV; LT vs. non-LT
SOF + RBV
SOF/DCV
45  USA GT1/2/3/4/6 LDV/SOF + RBV SVR 12  48/62, - LT vs. non-LT
SOF/SMV * RBV 77.4%
SOF/DCV £ RBV
2D/3D + RBV
SOF + RBV
46  Italy GT1/2/3/4 LDV/SOF + RBV SVR12  78/85, 437/471, SOF-based vs. 2D/3D vs. DCV/
SOF/SMV + RBV 91.8% 92.8% ASV; LT vs. non-LT; Active vs.
SOF/DCV £ RBV inactive
2D/3D £ RBV
SOF + RBV
47  Italy GT1b LDV/SOF + RBV SVR12  23/23, 389/401, SOF-based vs. 2D/3D vs. DCV/
100% 97.0% ASV; LT vs. non-LT; LC vs. non-
LC; Active vs. inactive
48 Italy GT1/2/4 LDV/SOF + RBV SVR 12 26/31, - LT vs. non-LT
SOF/SMV * RBV 83.9%
SOF/DCV + RBV
2D/3D £ RBV
SOF + RBV
49  Italy GT1/2/3 LDV/SOF * RBV SVR 12  138/143, - -
SOF/SMV * RBV 96.5%
SOF/DCV + RBV
2D/3D + RBV
SOF + RBV
11 Italy GT1/2/3/4 LDV/SOF + RBV SVR12  153/161, 1679/1766, LT vs. non-LT; LC vs. non-LC;
SOF/SMV + RBV 95.0% 95.1% Active vs. inactive
SOF/DCV £ RBV
SOF + RBV
VIEKIRAX + EXVIERA
55  Italy GT1/2/3/4 LDV/SOF * RBV SVR12  29/30, - LT vs. non-LT; LC vs. non-LC
SOF/SMV #* RBV 96.7%
SOF/DCV + RBV
SOF + RBV
50  France GT1/2/3/4/6 LDV/SOF + RBV SVR12  22/23, - SOF-based vs. 2D/3D vs. DCV/
SOF/SMV + RBV 95.6% ASV; LT vs. non-LT; LC vs. non-
SOF/DCV £ RBV LC; Active vs. inactive
2D/3D £ RBV
SOF + RBV
51 France GT1/2/3 LDV/SOF + RBV SVR 12  19/22, - LC vs. non-LC; Active vs.
SOF/DCV + RBV 86.4% inactive
3D +RBV
SOF + RBV
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Table 1 (continued)

Ref. Country/area Genotype Regimen SVR 12 SVR in HCC SVR in non-HCC  Subgroup analysis Included*
or 24 patient (n/N, %) patients (n/N, %)
52 France GT1/others LDV/SOF + RBV SVR 12% 248/256, - LT vs. non-LT; Active vs.
SOF/SMV + RBV 96.9% inactive; LT/surgical resection/
SOF/DCV + RBV local ablation vs. TACE/others
SMV/DCV
3D +RBV
SOF + RBV
53 Germany GT1/4 LDV/SOF + RBV SVR 12 20/20, 31/31, SOF-based vs. 2D/3D vs. DCV/
100% 100% ASV; LT vs. non-LT; Active vs.
inactive
54 UK GT1/3/others LDV/SOF + RBV SVR24  18/29, SOF-based vs. 2D/3D vs. DCV/
SOF/DCV + RBV 62.1% ASV; LC vs. non-LC
56  Spain GT1/3/4/5 LDV/SOF + RBV SVR12 101/116, 102/122, LT vs. non-LT; LC vs. non-LC;
SOF/SMV + RBV 87.1% 83.6% Active vs. inactive
SOF/DCV £ RBV
SMV/DCV + RBV
2D/3D + RBVSOF + RBV
57  Spain GT1/3/4 LDV/SOF * RBV SVR 12 39/40, - LT vs. non-LT; Active vs.
SOF/SMV * RBV 97.5% inactive
SOF/DCV + RBV
SMV/DCV
3D +RBV
58  Australia GT1 3D + RBV SVR 12  30/31, 399/420, SOF-based vs. 2D/3D vs. DCV/
96.8% 95% ASV; LT vs. non-LT;
Active vs. inactive
59  Belgium GT1/2/3/4/5 SOF/SMV + RBV SVR12  36/43, 509/536, SOF-based vs. 2D/3D vs. DCV/
SOF/DCV + RBV3D + RBV 83.7% 95.0% ASV
60  Romania GT1b 3D +RBV SVR12  12/14, 1987/2056, SOF-based vs. 2D/3D vs. DCV/
85.7% 96.6% ASV; LT vs. non-LT;
LC vs. non-LC; Active vs.
inactive
61 Switzerland GT1/2/3/4 LDV/SOF + RBV SVR 12  40/47, - SOF-based vs. 2D/3D vs. DCV/
Germany SOF/SMV * RBV 85.1% ASV; LT vs. non-LT;
Belgium SOF/DCV + RBV SOF + RBV Active vs. inactive
62  Egypt GT4 SOF/SMV * RBV SVR12 1820, 5821/6191, SOF-based vs. 2D/3D vs. DCV/
90% 94.0% ASV; Active vs. inactive
63  Egypt NA LDV/SOF + RBV SVR12  41/53, - SOF-based vs. 2D/3D vs. DCV/
SOF/SMV + RBV 77.4% ASV; LT vs. non-LT; LC vs. non-
SOF/DCV + RBV LC; Active vs. inactive;
SOF + RBV LT/surgical resection/local
ablation vs. TACE/others
64  Egypt GT4 SOF/SMV SVR12  40/62, - SOF-based vs. 2D/3D vs. DCV/
SOF/DCV + RBV 64.5% ASV; LT vs. non-LT; LC vs. non-
SOF + RBV LC; Active vs. inactive
65  Canada GT1/2/3/4/6 LDV/SOF + RBV SVR12  32/39, 56/66, SOF-based vs. 2D/3D vs. DCV/
SOF/SMV * RBV 82.1% 84.8% ASV; LT vs. non-LT; LC vs. non-
SOF/DCV + RBV LC; Active vs. inactive
SOF + RBV
66 Poland NA NA SVR 12 18/19, - LT vs. non-LT; Active vs.
94.7% inactive; LT/surgical resection/

local ablation vs. TACE/others

2D, paritaprevir/ritonavir/ombitasvir; 3D, paritaprevir/ritonavir/ombitasvir + dasabuvir; ASV, asunaprevir; DCV, daclatasvir; GT1/2/3, genotype 1/2/3; HCC, hepatocellular
carcinoma; IFN, interferon; LC, liver cirrhosis; LDV, ledipasvir; LT, liver transplant; RBV, ribavirin; SMV, simeprevir; SOF, sofosbuvir; SVR, sustained virologic response; TE,
treatment experience; TN, treatment naive; VEL, velpatasvir.

£SVR based on viral load >12 weeks after the end-of-treatment, if no viral load test was available >12 weeks, defined SVR by a viral load performed 4-12 weeks post-
treatment

*#Patients treated with SOF/RBV, LDV/SOF, and VEL/SOF were not included in analysis due to more than 5% co-infection with HBV or HIV.

&Ppatients in HEPATHER cohort were not included in analysis due to 17 patients treated with IFN-based regimen and cannot get sufficient data to calculate SVR in IFN-free
regimen.

*Depending on available data, included studies may contribute data to one or both comparison arm.

than in patients without HCC (90.1%, 95% CI 85.0-94.3 vs. 96.4%, 98.4%, 95% CI 97.4-99.2%, p=0.0047) (Fig. S6)2°34-3847.53
95% CI 94.8-97.7, p = 0.0009),72°:34-4246-47.50.53.61-64 35 it was corresponding to a 7.9% and 5.5% reduction in SVR on meta-
in those treated with LDV/SOF (93.3%, 95% CI 87.1-97.8% vs. regression analyses, respectively.
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Study SVR12 Total Events per 100 SVR12 95% Cl Weight Study SVR12 Total Events per 100 SVR12 95% Cl Weight
observations (%) observations (%)
Subgroup: No HCC

Barone 2018 23 23 i-2100.0 [85.7;100.0] 0.7%  Globke 2017 31 31 ~—= 100.0 [89.0;100.0] 0.8%
Tamori 2017 22 22 1= 100.0 [85.1;100.0] 0.7%  Ogawa 2017 679 684 : 99.3 [98.3;99.7] 1.7%
Globke 2017 20 20 = 100.0 [83.9;100.0] 0.7%  Kanda 2017 195 197 E = 99.0 [96.4;99.7] 1.5%
Liu 2018 20 20 = 100.0 [83.9,100.0] 0.7%  Tguji 2018 1,286 1,302 "B 98.8 [98.0;99.2] 1.8%
Suda 2018 12 12 - 100.0 [75.8;100.01 0.5% |jp 2017 473 484 V@ 97.7 [96.0;98.7] 1.7%
Zeng 2016 10 10 ' =2 100.0 [72.2;100.0] 0.4%  Chu 2017 83 85 @ 97.6 [91.8;99.4] 1.3%
ANRS Group 2016 248 256 ‘@ 96.9 [94.0;98.4] 1.6%  Barone 2018 389 401 En 97.0 [94.8;98.3] 1.7%
Reig 2016 39 40 v 975 [87.1,99.6] 1.0%  preda2017 1,987 2,056 ‘B 96.6 [95.8;97.3] 1.8%
Cabibbo 2017 138 143 @ 96.5 [92.1;98.5] 14%  Nagata 2017 646 669 ‘B 96.6 [94.9;97.7] 1.7%
Lubel 2017 30 31 vz 96.8 [83.8,99.4] 0.8%  (Ogawa2016 408 426 = 95.8 [93.4;97.3] 1.7%
Tsuji 2018 152 159 i@ 956 [91.2;97.9] 1.5%  syda 2018 106 111 @ 955 [89.9;98.1] 1.4%
Zanetto 2017 29 300 re 967 [83.3;994] 0.8%  Persico2018 1,679 1,766 B 951 [94.0;96.0] 1.8%
Ogawa 2017 84 888 @ 955 [88.9;98.2] 1.3%  Lubel 2017 399 420 ! 95.0 [92.5;96.7] 1.7%
Persico 2018 153 161 '‘m 95.0 [90.5;97.5] 1.5%  Bijelen 2017 509 536 i 95.0 [92.8;96.5] 1.7%
Kanda 2017 41 43 '@ 95.3 [84.5;98.7] 1.0% Ljy2018 99 104 m 952 [89.2; 97.9] 1.3%
Virlogeux 2017 22 23 ED 95.7 [79.0;99.2] 0.7% Chang 2017 88 93 4:. 94.6 [88.0;97.7] 1.3%
Ogawa 2016 19 20 /- 95.0 [76.4,99.1] 0.7%  Eletreby 2017 5,821 6,191 B 94.0 [93.4;94.6] 1.8%
Warzyszynska 2017 18 19 o 947 [754;99.1] 06%  Tamori2017 116 123 B 943 [88.7;97.2] 1.4%
Ogawa 2017 55 59 ] 93.2 [83.8;97.3] 1.1% Zeng 2016 20 21 45} 95.2 [77.3;99.2] 0.7%
Uchida 2016 28 30 :E 93.3 [78.7;98.2] 0.8%  Conti 2017 437 471 ] 92.8 [90.1;94.8] 1.7%
Chu 2017 15 16 @ 938 [71.7;98.9] 0.6% Toyoda2017 943 1,022 B 923 [90.5;93.8] 1.7%
Conti 2017 78 85 m 918 [84.0;96.0] 1.3%  Hagiwara2016 79 86 —@  91.9 [84.1;96.0] 1.3%
Nagata 2017 76 83 - 916 [83.6;95.9] 1.3% Beste2017 13,851 15,200 ol 91.1 [90.7;91.6] 1.8%
lio 2017 83 o1 @ 91.2 [83.6;95.5] 1.3%  QOgawa 2017 235 262 1' 89.7 [85.4;92.8] 1.6%
Ide 2016 107 120 o 89.2 [82.3;93.6] 14%  Yada2018 137 153 - 89.5 [83.7;93.5] 1.5%
lio 2017 41 46 o 89.1 [77.0,95.3] 1.0%  Prenner2017 251 284 e ] 88.4 [84.1;91.6] 1.6%
Eletreby 2017 18 20 g 90.0 [69.9;97.2] 0.7% |de 2016 448 509 = 88.0 [84.9;90.6] 1.7%
Pascasio 2017 101 116 o 87.1 [79.8;92.0] 1.4%  Sezaki 2017 469 540 li 86.9 [83.7;89.4] 1.7%
Sezaki 2017 966 111 o 86.5 [78.9;91.6] 1.4%  ychida 2016 152 176 - 86.4 [80.5;90.7] 1.5%
Toyoda 2017 143 167 o 85.6 [79.5;90.1] 1.5%  |i02017 473 550 . 86.0 [82.8;88.7] 1.7%
Adhoute 2018 19 22 o 86.4 [66.7;95.3] 0.7%  Al-Judaibi 2018 56 66 —a— 84.8 [74.3;91.6] 1.2%
Kolly 2017 40 47 e 85.1 [72.3;92.6] 1.0%  pascasio 2017 102 122 = 83.6 [76.0;89.1] 1.4%
Minami 2016 23 27 g 85.2 [67.5;94.1] 0.8%  pjjjai 2016 146 183 - | 79.8 [73.4;85.0] 1.5%
Preda 2017 12 14 o 85.7 [60.1;96.0] 0.5%  Cheung2016 299 377 - . 79.3 [74.9;83.1] 1.6%
Bielen 2017 36 43 o 83.7 [70.0;91.9] 1.0%  Random ; i 0
Zavaglia 2017 26 31 o 83.9 [67.4;92.9] 0.8% effects model 33,092 35,701 # 933 [91.9;94.7]52.0%
Al-Judaibi 2018 32 39 o 82.1 [67.3;91.0] 1.0% Heterogeneity: /= 95%, p <0.0001 ;
Chang 2017 14 17 e 82.4 [59.0;93.8] 0.6% '
Beste 2017 439 553 B 79.4 [75.8;82.5] 1.7% ' )
Hagiwara 2016 27 34 5 794 [63.2-89.7] 0.9% :f::g;mmodel 36,011 39,042 6 91.8 [90.5; 93.0]100.0%
Yada 2018 2329 g E 793 [61.6;90.2] 0.8%  picrogensity: 1 = 91.7%, p <0.0001 :
Prenner 2017 106 135 oo 78.5 [70.9;84.6] 1.4% —————1—
Huang 2018 48 62 S 77.4 [65.6;86.0] 1.2% 40 50 60 70 80 90 100
El Kassas 2018 41 53 B! 774 [645865 1.1% SVR12 (%)
Curry 2015 30 43 = : 69.8 [54.9;81.4] 1.0%
Saberi 2017 14 21 = ; 66.7 [45.4;82.8] 0.7%
Hassany 2018 40 62 = ' 64.5 [52.1;75.3] 1.2%
Pillai 2016 10 16 = ' 62.5 [38.6;81.5] 0.6%
Cheung 2016 18 29 = | 62.1 [44.0;77.3] 0.8%
Random effects , 919 3 344 < 89.6 [86.8; 92.1148.0%
model .
Heterogeneity: /2 = 79.1%, p <0.0001 !

L I D R R B
40 50 60 70 80 90 100
SVR12 (%)

Fig. 2. The pooled SVR rates for all patients with or without HCC. The dotted vertical line and the diamond represent the summary effect (random effects
model), with outer edges representing the 95% CI. The overall SVR rate in patients with HCC (n = 3,341) was lower than in those without HCC (n =35,701)
(89.6%, 95% CI 86.8-92.1 vs. 93.3%, 95% CI 91.9-94.7%, p = 0.0012). HCC, hepatocellular carcinoma; SVR, sustained virologic response; SVR12, SVR at week 12.

Comparison of pooled SVR rates of GT1-infected patients
with or without HCC, overall and by DAA regimens

Among GT1-infected patients treated with any DAA regimen,
the decrease in the pooled overall SVR rates between patients
with HCC (n =1,703) and without HCC (n =21,310) was modest
but statistically significant (92.1%, 95% CI 89.3-94.6% vs. 94.2%,
95% ClI 92.1-96.0%, p = 0.044) (Fig. 3, Table 52).810.12:23-32.34-38,
41,44,46-4753.5559-61 for GT1-infected patients treated with a
SOF-based regimen, there was a significant reduction of 6.8%
(95% CI —1.8-12.8%) in SVR rate between patients with HCC
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(n=911) and those without HCC (n=13,233) (90.8%, 95% CI
84.4-95.8%, vs. 96.4%, 95% Cl 93.5-98.5%, p = 0.017).8:10:12.25.34-
38414447.5355 For the subgroup of LDV/SOF-treated patients,
there was also a significant SVR reduction of 7.7% (95% ClI
—0.2 to 14.2%) in patients with HCC (n = 736) compared to those
without HCC (n=12,853) (91.3%, 95% CI 83.1-97.2% vs. 98.1%,
95% CI 95.7-99.7%, p = 0.016).8:252834-3847.53 Conyersely, there
were no significant differences between GT1-infected patients
with or without HCC who were treated with 2D/3D®°%C or
DCV/ASV,>3? with a small sample size of n=87 for the
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Fig. 3. SVR rates of DAAs for overall HCV population and HCV genotype 1-
infected patients, by presence of HCC. Horizontal bars represent 95% CI and
the sizes of box represent relative sample size. Levels of significance: 2-tailed
p value (threshold: 0.05) was determined by meta-regression. 2D,
ombitasvir/paritaprevir/ritonavir; 3D, ombitasvir/paritaprevir/ritonavir
+ dasabuvir; ASV, asunaprevir; DCV, daclatasvir; DAA, direct-acting antiviral;
GT1, genotype 1; HCC, hepatocellular carcinoma; LDV, ledipasvir; SOF,
sofosbuvir; SVR, sustained virologic response.

2D/3D group and data without stratification by resistance-
associated variants for the DCV/ASV group (Fig. 3, Table S2).

Comparison of pooled SVR rates of GT1-infected patients
with or without HCC, by study location and DAA regimen
For analysis of patients from Asia, there were a total of 20 stud-
ies (18 from Japan and 2 from Taiwan and Mainland China),
comprising 998 GT1-infected patients with HCC and 5,785 with-
out HCC. There was no significant difference in SVR rates
between GT1-infected patients with or without HCC in Asia
(92.4%, 95% CI 89.7-94.8% vs. 94.1%, 95% Cl 91.9-97.4%,
p=0.136) (Fig. 4).2373234-3841 However, SOF-treated, GT1-
infected, Asian patients with HCC (n = 400) had lower SVR rates
than their counterparts without HCC (n = 2,924) (91.7%, 95% CI
84.6-96.9% vs. 98.6%, 95% Cl 97.6-99.4%, p <0.001).2534-3841 A
similar difference in SVR rates was also seen in the LDV/SOF
subgroup (90.4%, 95% CI 82.7-96.2% [n =390 HCC], vs. 98.6%,
95% CI 97.6-994% [n=2924 non-HCC], p<0.001)
(Fig. $7).228:34-38 While DCV/ASV-treated, GT1-infected, Asian
patients with HCC had a similar SVR rate (91.7%, 95% CI
88.4-94.5% [n=584]) to those without HCC (89.8%, 95% CI
87.7-91.7% [n =2,997], p = 0.66) (Fig. 4, Table 53).2>~3?
Analysis of studies from outside Asian countries included 29
studies (7 from the USA, 6 from Italy, 3 from Egypt, 3 from
France, 2 from Spain, 1 each from the other 8 countries repre-
sented in this study) and a total of 1,333 GT1-infected patients
with HCC and 25,801 without HCC. SVRs trended lower in
patients with HCC compared to those without HCC (88.7%,
95% CI 83.2-93.3% vs. 92.0%, 95% CI 89.5-94.1%, p=0.103)
(Fig. 4, Table $3).89434446:47.49.5053-56.58-61 patients with or
without HCC treated with any SOF-based or LDV/SOF regimens
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Fig. 4. SVR rates of DAAs in HCV genotype 1-infected patients in Asia and
outside Asia, by presence of HCC. Horizontal bars represent 95% CI and the
sizes of box represent relative sample size. Levels of significance: 2-tailed p
value (threshold: 0.05) was determined by meta-regression. 2D,
ombitasvir/paritaprevir/ritonavir; 3D, ombitasvir/paritaprevir/ritonavir
+ dasabuvir; ASV, asunaprevir; DCV, daclatasvir; DAA, direct-acting antiviral;
GT1, genotype 1; HCC, hepatocellular carcinoma; LDV, ledipasvir; SOF,
sofosbuvir; SVR, sustained virologic response.

had similar pooled SVR rates, but with high accompanying
heterogeneity (Fig. S8).

In addition, GT2-infected patients with HCC who were trea-
ted with SOF + RBV had a lower SVR rate than patients without
HCC in the overall population (81.4%, 95% CI 70.6-90.4%
[n=125 HCC], vs. 92.8%, 95% Cl 87.2-96.9% [n =2,743 non-
HCC], p=0.016), with a 12.9% (95% CI —3.5 to 26.6%) reduction
in SVR rate (Fig. 59).825:39:4046

Subgroup analysis for patients with HCC

By DAA regimen

Among 3,341 patients with HCC, there were 2,381 HCC (all GTs)
and 1,629 GT1-infected patients with sufficient data to estimate
pooled SVR rates by DAA regimen. The pooled SVR rate for
patients with HCC of any GTs was significantly lower for SOF-
based regimens (86.8%, 95% CI 82.2-90.8%, n = 1,696)5-10:12253
4-44.46-47.50.53-55.59.61-65 \when compared to 2D/3D (97.2%, 95%
Cl 92.2-99.9%, n=101)3455860 and DCV/ASV (91.7%, 95% CI
88.4-94.5%, n = 584) (p = 0.011) (Fig. 5, Fig. $10).2>-32 However,
SVR rates were similar among GT1-infected patients treated
with different DAA regimens (p = 0.365) (Fig. S11).

By history of LT

Compared to patients with HCC without a prior history of LT
(1'1 = 2v496)'8,11,]2,23—43,45—48,50,55—58,60—62,64—66 patients with HCC
who received an LT (n=401) achieved a higher SVR rate
(96.7%, 95% Cl 94.1-98.7% vs. 90.3%, 95% CI 87.3-93.0%,
p <0.001) (Fig. S12, Table S4).8°2°3 As all patients with HCC
and a history of prior LT were from outside Asia, we performed
further sub-analysis by LT history for patients outside Asia only
and found that the difference in SVRs of patients with HCC by LT
history (n=401) vs. non-LT (n=1,309) was even more
evident: 96.7%, 95% Cl 94.1-98.7% vs. 87.7%, 95% Cl 82.3-
92.4%, p <0.001 (Fig. 5, Fig. S13, Table S4), corresponding to a

Journal of Hepatology 2019 vol. 71 | 473-485



Subgroups
Overall HCC+ {n=3,341 HH 89.6 p value
SOF-based n = 1,696 —E— 86.8
2D/3D N =101 »—5497.2] 001
DCV/ASV -n =584 a4 917
TE 4N=425 ——a—1 914
TN n=422 —— 90.7:| 0921
LC 4N =1597 —E— 86.7
Non-LC {n =359 e 92.7] 0.026
Asia 4y = 1187 HEH 92.3
Outside-Asia {n = 2,154 —E— 87_2] 0.087
LT -n=401 ] 96.7:|<0 001
Non-LT -{n =249 HEH 90.3 :

Outside-Asia LT 4N =401

e 96.7:|<O 001
Outside-Asia non-LT -{N=1309 877

h

Active HCC N =277 7341 :| 0.002
Inactive HCC N =2304 HEBH 926-
Outside-Asia active HCC -n=277 —_— 731 0,003
Outside-Asia :I :
An= —m— 930
inactive Hce """
Curative treatment N =711 ——a— 913
TACE treatment {n =233 —a— 70.o]<o,oo1
Other treatment {n=64 —— 57.8

T T T T T T
40% 50% 60% 70% 80% 90% 100%

SVR12

Fig. 5. Subgroup analyses of SVR rates in patients with HCV-related HCC.
Horizontal bars represent 95% ClI and the sizes of box represent relative
sample size. Levels of significance: 2-tailed p value (threshold: 0.05) was
determined by meta-regression. 2D, ombitasvir/paritaprevir/ritonavir; 3D,
ombitasvir/paritaprevir/ritonavir + dasabuvir; ASV, asunaprevir; DCV, dacla-
tasvir; HCC, hepatocellular carcinoma; LC, liver cirrhosis; SOF, sofosbuvir;
TACE, transarterial chemoembolization; TE, treatment experienced; TN,
treatment naive.

9.8% (95% ClI —-34 to 17.4%) increase in SVR rate on
meta-regression analysis.®!1124245-48,5052,53,55-58,60-62,64-66

By active vs. inactive status of HCC

Overall, patients with active HCC (viable tumor on imaging,
n=277)>10433655 a3t the time of DAA treatment had signifi-
cantly lower SVRs than those with inactive HCC (absence of
residual tumor/complete necrosis, n=2,304) (73.1%, 95% CI
57.9-86.0% vs. 92.6%, 95% CI 90.2-94.7%, p=0.002) (Fig. 5,
Fig. S14, Table $4)°1123-4246-53.57-5860-64.66 Meta-regression
analysis showed that an 18.8% (95% CI 7.3-31.8%) reduction in
SVR rate was associated with the presence of active HCC. Since
all patients with active HCC were from studies outside Asia, we
performed additional sub-analysis to include only patients from
studies outside Asia and found similar results (n=277, 73.1%,
95% CI 57.9-86.0% vs. n=1,078, 93.0%, 95% Cl 88.7-96.5%,
p =0.003) (Fig. 6, Table S4), and with even higher SVR reduction
of 19.5% (95% CI 4.2-36.0) in the presence of active HCC.%~ 1143

,46-53,56-58,60-66

By study location

Patients with HCC from Asia (n = 1,187) had significantly higher
SVRs than patients with HCC not from Asia (n = 2,154) overall
(92.3%, 95% CI 89.7-94.6% vs. 87.2%, 95% Cl 82.7-91.1%,
P=0.037), but not in further sub-analysis of GT1-infected

patients only (n =998 in Asia and n =680 not in Asia) (Fig. 5,
Flg S15 Table 54).8,23—32,34—39,41.44,46,47,53,55,58—61

By history of prior treatment failure

Patients with HCC without prior treatment histories (n =422)
and those with prior treatment failures (n=425) had similar
SVR rates (90.7%, 95% CI 82.0-97.0% vs. 91.4%, 95% Cl 82.4-
97.7%, p =0.92) (Fig. 5, Table 54).82324353941 Simjilar findings
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were seen in further sub-analyses of GT1-infected patients only
(94.8%, 95% Cl 88.8-98.9%, n = 93 no prior treatment history vs.
92.8%, 95% CI 85.0-98.2%, n =175 treatment failures, p = 0.59)
(Flg 513).23,24,35,41

By presence of cirrhosis

There was a lower pooled SVR rate in patients with HCC and cir-
rhosis(n = 1,597) than in those without cirrhosis (n = 359)(86.7%,
95% CI 82.3-90.7% vs. 92.7%, 95% CI 89.5-95.4%, p =0.026)
(Flg S]6).8,9,11,23,24,27,29,3l,34,35,37,39,41,43,45,47,50,51,54—56,60,63—65 In
the subgroup analysis of GT1-infected patients with HCC who
were further stratified by DAA regimen in addition to cirrhosis,
there were no statistically significant differences between
DCV/ASV-treated GT1-infected patients with HCC, with or with-
out cirrhosis (n=277, 89.3%, 95% CI 84.9-93.1% vs. n=118,
93.5%, 95% CI 87.9-97.7%, p = 0.26, respectively), or between
SOF-treated GT1-infected patients with HCC, with or with-
out cirrhosis (n=157, 95.4%, 95% Cl 88.4-99.6% vs. n=45,
95.8%, 95% CI 86.9-100%, p=0.904, respectively) (Fig. S15,
Table S4).

By HCC treatment modality prior to DAA treatment
Comparing prior treatment modalities, patients with HCC trea-
ted with LT/surgical resection/local ablation achieved a higher
SVR rate than patients who received TACE or other modalities
(n=711, 91.3%, 95% CI 80.9-98.2% vs. n =223, 70.0%, 95% CI
63.8-75.8% vs. n=64, 57.8%, 95% Cl 45.5-69.7%, p =0.0002,
respectively) (Fig. 5, Tables S4, 5).8:29.33:34:41,5263.66

By treatment duration for patients treated with SOF-based
regimens
Overall, there was no significant difference in the SVR rates

between SOF-based regimens prescribed for 12 and
24 weeks (n=391, 91.4%, 95% Cl 83.4-97.4% vs. n=38,
92.2%, 95% CI  85.0-97.6%, p=0.71, respectively)

(Table SG) 10,25,28,34-37,39,41,44,47,53,62

Discussion
In this study, we pooled 49 articles (3,341 patients with HCC
and 35,701 without HCC) and compared the pooled SVR rates
in patients with or without HCC. To determine the source of
heterogeneity and obtain more clinically relevant data, we
categorized patients by several viral and host factors (e.g. HCV
GT, HCC activity, prior HCV treatment status, presence of cirrho-
sis) as well as types of DAA treatment and study location to
assess predictors for the lower SVR rates seen in patients with
HCC (89.6%, 95% CI 86.8-92.1%) compared to those without
HCC (93.3%, 95% C1 91.9-94.7%, p = 0.0012), and even in patients
with inactive HCC. Except for those with active HCC, the overall
cure rate with DAA treatment in patients with HCC was high,
including those with cirrhosis and prior treatment failure.
Overall, patients with HCC who received SOF-based and LDV/
SOF regimens experienced lower SVR rates compared to
patients without HCC, with a 9.2% and 6.4% SVR reduction,
respectively. Patients with HCC were more to have cirrhosis
and those with cirrhosis in our study had lower SVR rates
(86.7%, 95% Cl 82.3-90.7% vs. 92.7%, 95% Cl 89.5-95.4%,
p=0.026). Even among those without cirrhosis, patients with
HCC may have had more advanced liver disease with poorer
hepatic function. There were no significant SVR differences
between patients with or without HCC treated with 2D/3D or
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Study SVR12 Total Events per 100 SVR12 95% CI Weight
observations (%)

Subgroup: Active HCC outside-Asia )
Pascasio 2017 101 116 [] 87.1 [79.8; 92.0] 5.3%
Al-Judaibi 2018 32 39 - 82.1 [67.3;91.01 4.6%
Curry 2015 30 43 O . 69.8 [54.9;81.4] 4.7%
Saberi 2017 14 21 ] | 66.7 [45.4;82.8] 4.0%
Prenner 2017 31 58 | . 534 [40.8;65.7] 4.9%
Random effects model 208 277 =S | 731 [57.9; 86.0] 23.4%
Heterogeneity: I? = 84.1%, p <0.0001 E
Subgroup: Inctive HCC outside-Asia E
Barone 2018 23 23 ——M 100.0 [85.7;100.0] 4.1%
Globke 2016 20 20 j—l 100.0 [83.9; 100.0] 3.9%
Prenner 2017 73 75 —Hll 97.3  [90.8;99.3] 5.0%
ANRS Group 2016 248 256 | 96.9 [94.0;984] 55%
Reig 2016 39 40 | 97.5 [87.1;99.6] 4.6%
Cabibbo 2017 138 143 = 96.5 [92.1;98.5] 5.3%
Lubel 2017 30 31 H 96.8 [83.8;99.4] 4.4%
Persico 2018 153 161 il 95.0 [90.5; 97.5] 5.4%
Virlogeux 2017 22 23 — 95.7 [79.0;99.2] 4.1%
Warzyszynska 2017 18 19 — 94.7  [75.4;99.1] 3.8%
Conti 2017 78 85 * 91.8  [84.0; 96.0] 5.1%
Eletreby 2017 18 20 — 90.0 [69.9;97.2] 3.9%
Adhoute 2018 19 22 —— 86.4 [66.7;95.3] 4.0%
Preda 2017 12 14 4[5— 85.7 [60.1;96.0] 3.5%
Zavaglia 2017 26 31 — 83.9 [67.4;92.9] 4.4%
El Kassas 2018 41 53 —il— 774  [64.5; 86.5] 4.8%
Hassany 2018 40 62 —— . 64.5 [52.1;75.3] 4.9%
Random effects model 998 1,078 - 93.0 [88.7;96.5] 76.6%
Heterogeneity: /> = 78%, p <0.0001 H
Random effects model 1,206 1,355 ’ 89.2 [83.7;93.8] 100.0%

Heterogeneity: /? = 86.4%, p <0.0001

Subgroup differences: X,? = 9.03, df = 1, (p = 0.0027) 4'0

T T T T .I 1
50 60 70 80 90 100

SVR12 (%)

Fig. 6. Subgroup analysis of SVR rates in DAA-treated patients with active versus inactive HCC outside Asia. The dotted vertical line and the diamond
represent the summary effect (random effects model), with outer edges represent the 95% CI. Patients with active HCC had lower SVRs than patients with
inactive HCC (73.1%, 95% CI 57.9-86.0 vs. 93.0%, 95% CI 88.7-96.5, p = 0.0027). DAA, direct-acting antiviral; IFN, interferon; HCC, hepatocellular carcinoma; SVR,

sustained virologic response; SVR12, SVR at 12 weeks.

DCV/ASV regimens. However, the 2D/3D regimen was used in
only 101 patients with HCC from studies outside Asia, limiting
comparability among the different DAA regimens. In addition,
the 2D/3D regimen may have been avoided in patients with
HCC and more severe liver disease, and this selection bias
towards SOF-based patients with more severe liver disease
may have had a greater impact on SVRs than the presence of
HCC.8-105456 I the case of DCV/ASV, the presence of baseline
resistance-associated variants, a major predictor for SVR for this
regimen,' 2324273031 was not controlled in the analysis of
SVRs in the majority of the downstream studies of this meta-
analysis.?®24273031 Therefore, conclusions regarding the effect
of specific DAA regimens on the SVRs of patients with HCC
require additional investigations.

With regards to treatment duration, there was a trend for
higher SVR in GT1-infected patients treated with LDV/SOF for
24 weeks compared to 12 weeks (Table S6).!0252834-37:47.53
Indeed, a recent study showed that a 12-week treatment regi-
men with LDV/SOF alone may be suboptimal for GT1-infected
patients with cirrhosis.*’” Larger studies are needed to deter-
mine the superiority of 24 weeks over 12 weeks of DAAs in
the treatment of patients with HCC.

Another important finding of our study was that the overall
SVR rate with all oral DAA treatments in patients with active
HCC was significantly lower than in those whose HCC had been
treated (no residual or active HCC). Specifically, patients with
active HCC had a 18.8% reduction in SVR rate compared to
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patients with inactive HCC. The mechanism of lower SVR rates
in patients with active HCC is not completely clear. HCC may
function as a reservoir for HCV replication, or lead to distortion
of liver architecture and alter liver inflammation, decrease drug
delivery of DAAs, or lead to the development of resistant strains
in HCC.57%8 In fact, it has been suggested that HCC should be
suspected in high-risk patients who fail to achieve SVRs with
DAA therapy, as HCC diagnosis tends to follow shortly after-
wards, i.e. these patients already harboured HCC that served
as a reservoir for re-infection.®7°

Among patients with HCC who have undergone treatment
for HCC, those with curative treatments (LT/surgical resection/
local ablation) prior to DAA therapy were also found to have a
higher SVR rate than those with only palliative treatments such
as TACE and other regimens (sorafenib or Y-90 radioemboliza-
tion) subgroups. This finding lends further support to the notion
that residual tumor might contribute to the lower SVR rate
observed in patients with HCC. Another reason may be that
patients with HCC often have cirrhosis and thus may have
impaired innate and adaptive immune responses due to
reduced cytotoxicity of natural killer cells and T cell exhaus-
tion,”! leading to suboptimal SVRs in DAA-treated patients. This
mechanism is partially in doubt due to the results observed in
patients with HCC who received LT from studies (presumably
tumor free and no cirrhosis). In fact, they had a 7.3% (95% CI
—3.2 to 12.9%) increase in SVR compared to non-LT patients
with HCC (mostly cirrhotic, some not tumor free), in spite of
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immunosuppression use in post-LT patients. As a result, the
optimal timing of HCV treatment for patients with HCC awaiting
LT is still unresolved. A recent study showed that the threshold
model for end-stage liver disease score to treat non-HCC pre-LT
patients with HCV infection is 23-27,”% while treatment after LT
is cost-effective in patients with HCC and HCV-related cirrho-
sis.”®> The latter may avoid late relapse that has been reported
to occur after LT.”*

Our study had several strengths: 1) it is the first meta-analysis
investigating the impact of HCC on the SVRs of DAA-treated HCV-
infected patients; 2)itinvolved a large number of patients; and 3)
a meta-regression was performed to further determine how the
pre-planned variables affected the pooled estimates.

Our study had some limitations. First, there was a moderate to
high heterogeneity in the analysis of the overall cohort, but we
performed subgroup analyses and meta-regression to determine
the source of the heterogeneity. Second, due to insufficient data,
we could not perform sub-analysis of SVRs in patients with HCC,
with compensated and decompensated cirrhosis. Third, the sam-
ple size of patients with HCC treated with the 2D/3D regimen was
small, and type 2 errors could not be excluded. Fourth, due to
limited access to more optimal DAA regimens, some of the
included patients received suboptimal therapy such as SOF
+RBV for GT1, GT3 and GT4.943°43662-64 gayeral pan-
genotypic DAAs, such as SOF/velpatasvir, grazoprevir/ruzasvir/
uprifosbuvir, and glecaprevir/pibrentasvir, were not included in
our study due to a lack of primary data.”~’° Fifth, due to insuffi-
cient data, we could not perform sub-analysis of the time interval
between HCC treatment and DAA treatment (more than
6 months vs. less than 6 months). Sixth, we included studies with
HCC cases only and those with HCC and non-HCC cases, but no
studies with only non-HCC cases, because of concerns that stud-
ies that include only non-HCC cases may select for patients with
less advanced disease and may add additional heterogeneity to
our findings. At the end, our study design still provided more
than 30,000 non-HCC cases for comparison analyses to support
the study conclusion. Seventh, we chose to report our meta-
regression results for the between-group differences; however,
we also performed subgroup analyses to help determine the sen-
sitivity of our findings and found that the p values for the meta-
regression and subgroup analyses were similar. Nevertheless, it
is important to note that we may have inadvertently introduced
ecological fallacy,®® such that our group conclusions may not be
applicable to all individuals, so further studies with individual
patient level data may be warranted. Finally, there were signifi-
cant differences in practice patterns in real-world settings, which
may lead to patient selection bias, as well as the impact of base-
line characteristics on effectiveness, in the primary studies
included in this meta-analysis. Almost all patients with active
HCC were from studies outside of Asia because patients with
decompensated cirrhosis and untreated HCC are not approved
for DAA treatment in Japan, where much of the Asian data origi-
nated.®! This reimbursement policy may be the reason for the
more similar SVR rates between patients with or without HCC
from Asia. Data for LT patients were also mostly from studies out-
side Asia, due to better availability of LT in these regions. There-
fore, we performed many subgroup analyses by region (Asia vs.
outside Asia) to avoid some of the confounding effects of these
selection biases.

In conclusion, SVR rates were lower in patients with HCC
compared to those without HCC overall and especially in those
with active HCC. HCC treatment should be considered prior to
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DAA therapy whenever possible. Patients with HCC who under-
went LT achieved a higher SVR rate, but the optimal timing of
HCV treatment for patients with HCC awaiting LT will have to
be individualized. For some DAAs, differences in SVR rates
between patients with and without HCC require additional
investigation, especially as antiviral therapy of CHC is a rapidly
evolving field, and the new wave of DAAs are achieving even
higher SVR rates.
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