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Summary

Background Although direct-acting antivirals have been used extensively to treat patients with chronic hepatitis C
virus (HCV) infection, their clinical effectiveness has not been well reported. We compared the incidence of death,
hepatocellular carcinoma, and decompensated cirrhosis between patients treated with direct-acting antivirals and
those untreated, in the French ANRS CO22 Hepather cohort.
Methods We did a prospective study in adult patients with chronic HCV infection enrolled from 32 expert hepatology
centres in France. We excluded patients with chronic hepatitis B, those with a history of decompensated cirrhosis,
hepatocellular carcinoma, or liver transplantation, and patients who were treated with interferon-ribavirin with or
without first-generation protease inhibitors. Co-primary study outcomes were incidence of all-cause mortality,
hepatocellular carcinoma, and decompensated cirrhosis. The association between direct-acting antivirals and these
outcomes was quantified using time-dependent Cox proportional hazards models. This study is registered with
ClinicalTrials.gov, number NCT01953458.
Findings Between Aug 6, 2012, and Dec 31, 2015, 10 166 patients were eligible for the study. 9895 (97%) patients had
available follow-up information and were included in analyses. Median follow-up was 33·4 months (IQR 24·0–40·7).
Treatment with direct-acting antivirals was initiated during follow-up in 7344 patients, and 2551 patients remained
untreated at the final follow-up visit. During follow-up, 218 patients died (129 treated, 89 untreated), 258 reported
hepatocellular carcinoma (187 treated, 71 untreated), and 106 had decompensated cirrhosis (74 treated, 32 untreated).
Exposure to direct-acting antivirals was associated with increased risk for hepatocellular carcinoma (unadjusted
hazard ratio [HR] 2·77, 95% CI 2·07–3·71) and decompensated cirrhosis (3·83, 2·29–6·42). After adjustment for
variables (age, sex, body-mass index, geographical origin, infection route, fibrosis score, HCV treatment-naive, HCV
genotype, alcohol consumption, diabetes, arterial hypertension, biological variables, and model for end-stage liver
disease score in patients with cirrhosis), exposure to direct-acting antivirals was associated with a decrease in all-cause
mortality (adjusted HR 0·48, 95% CI 0·33–0·70) and hepatocellular carcinoma (0·66, 0·46–0·93), and was not
associated with decompensated cirrhosis (1·14, 0·57–2·27).
Interpretation Treatment with direct-acting antivirals is associated with reduced risk for mortality and hepatocellular
carcinoma and should be considered in all patients with chronic HCV infection.
Funding INSERM-ANRS (France Recherche Nord & Sud Sida-HIV Hépatites), ANR (Agence Nationale de la
Recherche), DGS (Direction Générale de la Santé), MSD, Janssen, Gilead, AbbVie, Bristol-Myers Squibb, and Roche.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
WHO’s Global Hepatitis Report1 states that hepatitis C
virus (HCV) has infected 1% of the population worldwide
(71 million) and caused approximately 400 000 deaths
annually, mainly from cirrhosis and hepatocellular
carcinoma. This substantial public health burden can be
improved by HCV treatments, because this chronic viral
infection is the only one that can be cured, as defined by
a sustained virological response.2,3 Combining two or
three direct-acting antivirals targeting viral proteins—
eg, NS3/4A protease inhibitors, NS5B polymerase

inhibitors, and NS5A replication complex inhibitors—
has pan-genotypic efficacy in HCV infection, with a
sustained viral response of more than 95% and fair
tolerance. Treatment lasts 8–16 weeks depending on
baseline factors including stage of fibrosis, genotype,
treatment history, and pre-existing resistance-associated
variants.4,5
Findings of observational studies in patients with HCV
infection show reduced risk for hepatocellular carcinoma,
complications of liver disease, and mortality in patients
treated with interferon or direct-acting antivirals who
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Research in context
Evidence before this study
We searched PubMed for reports published in any language
between Jan 1, 2012, and Jan 1, 2018, with the MESH terms
(“hepatitis C, chronic/drug therapy” OR “hepatitis C, chronic/
therapy”) AND (“hepatitis C, chronic/mortality” OR “hepatitis C,
chronic/complications”). We searched for evidence of
randomised trials or observational studies assessing the risk of
mortality, liver cancer, and the complications of liver disease after
antiviral treatment with direct-acting antivirals in patients with
chronic hepatitis C virus (HCV) infection. We identified a
2017 review of 138 randomised trials assessing the effects of
51 different direct-acting antivirals, indicating that use of these
drugs increased the proportion achieving a sustained virological
response. However, the review did not reach any conclusions on
clinical effects. We only found one additional retrospective
cohort study reporting a significant decrease in all-cause
mortality in patients receiving either paritaprevir, ritonavir,
ombitasvir, and dasabuvir or sofosbuvir and ledipasvir, compared
with untreated patients. This study did not report on liver-related
mortality or liver-related events (eg, liver cancer or liver
decompensation). No existing prospective study has examined
the benefits and harms of direct-acting antivirals in chronic HCV
infection on liver-related clinical outcomes using time-to-event
analyses and by comparison of treated and untreated patients.

achieve a sustained virological response.6-12 However, very
few studies have compared the clinical outcomes of
patients treated and not treated with direct-acting anti
virals, as would be done in a randomised trial.13 The
findings of a single-centre cohort study showed decreased
mortality in patients receiving a combination of paritap
revir, ritonavir, ombitasvir, and dasabuvir, or of sofosbuvir
and ledispasvir, compared with untreated patients.14
However, this study did not report the incidence of liverrelated events such as liver decompensation or hepato
cellular carcinoma, and this information is important
because of controversy surrounding a potential increase
in risk for hepatocellular carcinoma with direct-acting
antiviral treatment.15,16
The aim of this study was to further clarify the
benefits or harms of direct-acting antivirals by comparing
the incidence of death, hepatocellular carcinoma, and
decompensated cirrhosis in patients treated with directacting antivirals and untreated, from the prospective
French ANRS CO22 Hepather cohort.

Methods

Study design and participants
The ANRS CO22 Hepather cohort is a French national,
multicentre, prospective, observational cohort study of
patients with active or inactive hepatitis B virus (HBV) or
past or present HCV infection, which started in August,
2012.17 The main objectives of the study are to quantify
the clinical efficacy and safety of new hepatitis treatments

Added value of the study
To our knowledge, the ANRS CO22 Hepather cohort study is the
first prospective longitudinal study to investigate clinical
outcomes associated with direct-acting antiviral treatment in
patients with chronic HCV infection, by comparing patients
treated with direct-acting antivirals with those untreated with
these drugs, irrespective of the status of sustained virological
response, with careful control of confounding and indication
biases. The adjusted multivariable analyses show that
direct-acting antiviral treatment is associated with a rapid
decrease in all-cause mortality and the incidence of
hepatocellular carcinoma, and that these inverse associations
are stronger in patients with cirrhosis.
Implications of all the available evidence
For ethical reasons, a trial with an untreated control arm
cannot be undertaken to confirm these findings. We encourage
other researchers to do similar comparisons of patients treated
with direct-acting antivirals and untreated patients, using
existing observational databases. Nevertheless, our results
support urgent treatment of patients with advanced liver
disease and extension of the follow-up of treated patients with
less severe disease to assess the long-term clinical effect of
direct-acting antiviral treatment.

in real life. The anticipated cohort size is 15 000 patients
serum-positive for anti-HCV (>90% with existing
chronic HCV infection at entry—ie, serum-positive for
HCV-RNA—and <10% with past chronic HCV infection)
and 10 000 patients with active or inactive chronic HBV
infection, to be followed up for a median of 7 years. Main
exclusion criteria are HIV co-infection and ongoing
treatment for HCV infection at inclusion. In the current
analysis, we selected all patients with chronic HCV
infection at entry. Participants were recruited consecu
tively during a medical visit at one of 32 expert
hepatology centres in France.
Written informed consent was obtained from each
patient before enrolment. The protocol was undertaken
in accordance with the Declaration of Helsinki and
French law for biomedical research and was approved by
the CPP Ile de France 3 ethics committee (Paris, France)
and the French Regulatory Authority (ANSM).

Procedures
Blood and urine samples were obtained and stored in
a centralised biobank (Cell & Co Biorepository, Pont
du Château, France). Detailed demographic, clinical
(including fibrosis staging and history of past treatment),
and biological data were gathered during the inclusion
visit using an electronic case-report form. Follow-up
included systematic visits once a year and spontaneous
reports for particular events, which were recorded on
specific data forms (eg, death, hepatocellular carcinoma,
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decompensated cirrhosis, on
set of treatment). In
April, 2014, the follow-up protocol was modified to include
local HCV-RNA assessments and visits with the clinician
when HCV treatment was started, during treatment, and
up to 24 weeks after the last treatment. This study
is observational, and decisions about treatment combi
nation, treatment timing, and screening for hepatocellular
carcinoma or progression of fibrosis were made by the
clinician, but the choices made accorded with French
national recommendations, based on European Associ
ation for the Study of the Liver (EASL) guidelines.18
Exposure to direct-acting antivirals was regarded as
a time-dependent covariate, and the first day of the
first treatment defined the timepoint to switch exposure
from 0 to 1. If a patient received several direct-acting
antiviral treatments during follow-up (eg, because of
virological failure), she or he was considered to be
continuously exposed to direct-acting antivirals from
her or his first day of first treatment. The other potential
predictors of clinical outcome assessed at entry in the
cohort were age, sex, body-mass index, geographical
origin, infection route, time since HCV diagnosis,
fibrosis score, HCV treatment-naive, HCV genotype,
diabetes, arterial hypertension, past and current alcohol
consumption, biological variables (albumin, aspartate
aminotransferase, alanine aminotransferase, haemo
globin, prothrombin time, platelet count, α-fetoprotein),
and model for end-stage liver disease (MELD) score in
patients with cirrhosis.
Patients with a platelet count lower than 150 000 platelets
per µL or a prothrombin time less than 70% were con
sidered to have cirrhosis unless specified otherwise.19,20
These criteria were validated in 757 patients who were
also assessed for liver fibrosis, including 755 who had
been classified with cirrhosis by different techniques.
Fibrosis assessment was done closest to the date of
inclusion, but less than 1 year before and up to 3 months
after inclusion. Fibrosis was assessed either by liver
biopsy or another non-invasive method (liver stiffness
measurement; Fibroscan, Echosens, Paris, France),
Fibrotest (Biopredictive, Paris, France), Fibrometer
(Echosens), or the Hepascore.21 If a recent measurement
of fibrosis was not available, or in case of discrepancies
between non-invasive fibrosis markers, clinicians were
asked to assess the level of fibrosis based on past fibrosis
scores and the patient’s history of liver-related comor
bidities. Mild fibrosis (F0–F2), severe fibrosis (F3), and
cirrhosis (F4) were defined by the Metavir score.22 Cutoffs
for severe fibrosis and cirrhosis by non-invasive methods
were, respectively, 9·5 kPa and 12·5 kPa with Fibroscan,
0·59 and 0·75 with Fibrotest, 0·62 and 0·98 with
Fibrometer, and 0·61 and 0·84 with the Hepascore.

Outcomes
Co-primary study outcomes were all-cause mortality
(later classified into liver-related or non-liver-related
deaths), incident hepatocellular carcinoma, and incident

decompensated cirrhosis. Causes of death were classified
by an adjudication committee including two hepatologists
(HF, MB) and one methodologist (CD). Adjudication was
based on medical records, and investigators filled in a
specific case-report form. Data for incident hepato
cellular carcinoma included the number of tumours at
diagnosis, the largest nodule size, total size, diagnostic
imaging procedures, and treatment. Decompensated
cirrhosis was defined as the development of ascites,
variceal haemorrhage, encephalopathy, jaun
dice, or a
combination of these.23

Statistical analysis
A post-hoc calculation was done based on 33% of
included patients with cirrhosis at entry, an annual
incidence of two per 100 person-years all-cause mortality
in the absence of treatment in patients with cirrhosis,24
and a multivariable-adjusted hazard ratio (HR) for allcause mortality of 0·43 (95% CI 0·33–0·57) in treated
versus untreated patients.14 This calculation showed that
1500 person-years of follow-up would be needed in
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11 870 patients with chronic hepatitis C virus infection and HIV negative
at entry to the cohort (entry before Jan 1, 2016)

1704 excluded*
95 hepatitis B active co-infection
653 history of hepatocellular carcinoma
1003 history of decompensated cirrhosis
326 liver transplant recipient
148 received peginterferon or ribavirin,
with or without a first-generation
protease inhibitor, after entry

10 166 eligible for the study

271 follow-up data missing

9895 untreated at enrolment (12 709 person-years)
3045 with cirrhosis (1578 person-years)
6850 without cirrhosis or unclassified fibrosis (11 131 person-years)

7344 received direct-acting antivirals after
enrolment (13 626 person-years)
2823 with cirrhosis (6320 person-years)
4521 without cirrhosis or with unclassified
fibrosis (7306 person-years)

129 all-cause mortality (94†, 35‡)
48 liver-related (42†, 6‡)
61 non-liver-related (36†, 25‡)
20 unclassified (16†, 4‡)
187 hepatocellular carcinoma (166†, 21‡)
74 decompensated cirrhosis (67†, 7‡)

2551 did not receive direct-acting antivirals after
enrolment (12 709 person-years)
222 with cirrhosis (1578 person-years)
2329 without cirrhosis or with unclassified
fibrosis (11 131 person-years)

89 all-cause mortality (41†, 48‡)
25 liver-related (19†, 6‡)
53 non-liver-related (15†, 38‡)
11 unclassified (7†, 4‡)
71 hepatocellular carcinoma (57†, 14‡)
32 decompensated cirrhosis (28†, 4‡)

Figure 1: Flow of participants through the study
*Patients could meet more than one criterion for exclusion. †Number with cirrhosis. ‡Number without cirrhosis or
with unclassified fibrosis.
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Age (years)

Received direct-acting
antivirals (n=7344)

Did not receive
direct-acting antivirals
(n=2551)

57·0 (51·0–65·0)

54·0 (47·0–62·0)

Sex

··

··

p value

<0·0001
<0·0001

Male

4105/7344 (56%)

1174/2551 (46%)

··

Female

3239/7344 (44%)

1377/2551 (54%)

··

Body-mass index (kg/m2)
<18·5

··

··

<0·0001

219/7239 (3%)

82/2457 (3%)

··

18·5 to <25·0

3592/7239 (50%)

1397/2457 (57%)

··

25·0 to <30·0

2434/7239 (34%)

683/2457 (28%)

··

994/7239 (14%)

295/2457 (12%)

··

≥30·0
Geographical origin

··

··

<0·0001

Asia

173/7224 (2%)

76/2491 (3%)

··

Eastern Europe

275/7224 (4%)

85/2491 (3%)

··

4555/7224 (63%)

1559/2491 (63%)

··

788/7224 (11%)

245/2491 (10%)

··

France
North Africa
Sub-Saharan Africa

479/7224 (7%)

258/2491 (10%)

··

Other

954/7224 (13%)

268/2491 (11%)

··

Infection route

··

··

0·056

Injecting drug use

1862/7232 (26%)

608/2434 (25%)

··

Transfusion

2254/7232 (31%)

711/2434 (29%)

··

Other or unknown

3116/7232 (43%)

1115/2434 (46%)

Excessive alcohol use at entry in the
cohort*

··

··

··
0·41

No

7104/7344 (97%)

2459/2551 (96%)

··

Yes

240/7344 (3%)

92/2551 (4%)

··

Past excessive alcohol use*

··

··

0·0018

No

5251/7255 (72%)

1868/2471 (76%)

Yes

2004/7255 (28%)

603/2471 (24%)

15·0 (8·0–21·0)

14·0 (7·0–20·0)

Time since HCV diagnosis (years)
Missing data

252

HCV treatment history

157

··

··
··
0·0004
··

··

<0·0001

Treated

4159/7324 (57%)

974/2516 (39%)

··

Treatment-naive

3165/7324 (43%)

1542/2516 (61%)

··

HCV genotype

··

··

<0·0001

1

4818/7227 (67%)

1531/2375 (64%)

··

2

420/7227 (6%)

231/2375 (10%)

··

3

918/7227 (13%)

211/2375 (9%)

··

4

918/7227 (13%)

334/2375 (14%)

··

5, 6, or 7

153/7227 (2%)

68/2375 (3%)

Fibrosis scoring

··

··

··
<0·0001

F0, F1, or F2

2805/6800 (41%)

1865/2223 (84%)

··

F3

1172/6800 (17%)

136/2223 (6%)

··

F4 (cirrhosis)

2823/6800 (42%)

222/2223 (10%)

1·20 (1·55)

0·62 (0·85)

APRI score
Missing data
FIB4 score
Missing data
MELD score in patients with cirrhosis†
<13
13 to <20
≥20

625
2·90 (2·96)
633
··

449

··
<0·0001
··

1·78 (1·89)
453

<0·0001
··

··

0·15

2426/2629 (92%)

157/175 (90%)

··

143/2629 (5%)

10/175 (6%)

··

60/2629 (2%)

8/175 (5%)

··

(Table 1 continues on next page)
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patients unexposed to direct-acting antivirals, and
4500 person-years of follow-up in patients exposed to
direct-acting antivirals, to achieve a statistical power of
86% to detect an HR lower than 0·5.
Survival time was calculated as the time between entry
(unexposed period) or the start of first treatment (exposed
period) and the last follow-up visit, the date of an outcome
(death, hepatocellular carcinoma, or decompensated
cirrhosis) or Jan 1, 2018, whichever occurred first.
Baseline characteristics were compared using the
Mann-Whitney test for quantitative variables or the
Fisher’s exact test for categorical variables. Pseudo
Kaplan-Meier curves were drawn using a clock reset
procedure for patients exposed to direct-acting antiviral
treatment during follow-up.25 Incidence and 95% CIs
were estimated with an exact method based on the
Poisson distribution. We used a multivariable Cox
proportional hazards model with exposure to treatment
modelled as a time-varying covariate in our main
analysis. This analysis was adjusted for the baseline
values of all predictor variables (age, sex, body-mass
index, geographical origin, infection route, fibrosis score,
HCV treatment-naive, HCV genotype, alcohol consum
ption, diabetes, arterial hypertension, biological variables,
and MELD score in patients with cirrhosis) and used a
time-dependent variable for the baseline hazard by a
smooth function of the time since August, 2012, using
natural cubic splines with four knots. Categorisation of
continuous covariates was based on clinically relevant
thresholds determined a priori (all biological variables)
or quartile limits (age, time since HCV diagnosis).
Missing covariate values were handled using indicators
for missing data in the multivariable model. To better
characterise the potential effect of a sustained virological
response in patients exposed to direct-acting antivirals
compared with untreated patients, the exposure period
was divided into the on-treatment period (from first to
last day of direct-acting antiviral treatment, extended by
3 months), and the period with a measurable sustained
virological response status (from 3 months after the last
day of direct-acting antiviral treatment to the end of
follow-up), which were regarded as time-dependent
covariates in the Cox model (appendix). Sustained viro
logical response status was assessed after the first directacting antiviral treatment and was not updated if a
patient received several consecutive treatments. These
analyses were repeated both in patients with and without
cirrhosis or unknown fibrosis score at entry in the cohort.
To deal with potential residual indication bias, timedependent censoring, and confounding, we also assessed
the robustness of our findings using inverse probability
of treatment weighting26 and sequential weighted Cox
models.27 Because the most severely ill patients could be
excluded from treatment because of the high risk of
complications, an additional sensitivity analysis was
done including patients with at least 12 months of followup. Robust variance estimates were ascertained for all
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analyses to obtain conservative 95% CIs. All analyses
were done with SAS version 9.4. We judged a p value less
than 0·05 significant.

Role of the funding source
The funder contributed to study design and writing of
the report. The funder had no role in data collection,
data analysis, or data interpretation. The corresponding
author had full access to all data in the study and FC and
SP had final responsibility for the decision to submit for
publication.

Results
Between Aug 6, 2012, and Dec 31, 2015, 14 389 antiHCV-positive patients had been recruited to the ANRS
CO22 Hepather cohort, including 11 870 with chronic
HCV infection at entry (figure 1). 95 patients had active
HBV co-infection at entry, 653 had a history of hepato
cellular carcinoma, 1003 had decompensated cirrhosis,
and 326 had undergone liver transplantation; these
patients were excluded from this study. A further
148 patients were excluded who had received peginterferon
and ribavirin with or without a first-generation protease
inhibitor after entry in the cohort.
10 166 patients were judged eligible for this study
(figure 1). Follow-up information was missing for
271 patients, therefore post-entry follow-up information
was available for 9895 (97%) patients, who were included
in analyses. The appendix presents a comparison of
characteristics of eligible patients with missing follow-up
information.
Of 9895 patients analysed, 1326 (13%) had a platelet
count lower than 150 000 platelets per µL or a prothrombin
time less than 70% and were considered to have cirrhosis.
In other patients, fibrosis was assessed by liver biopsy for
398 (4%) patients, by Fibroscan for 3188 (32%), by Fibrotest
for 1812 (18%), by Fibrometer for 635 (6%), and by the
Hepascore for 143 (1%). The clinician assessed the level of
fibrosis for 1521 (15%) patients, and the baseline fibrosis
score remained unknown in 872 (9%). In total, 3045 (31%)
patients had cirrhosis. The median time between assess
ment of fibrosis and end of follow-up in patients who
received direct-acting antivirals was 34·5 months
(IQR 25·1–43·0), and for those who were untreated,
median time was 32·3 months (IQR 22·7–43·0).
Baseline demographic, clinical, and laboratory charac
teristics of included patients, according to exposure to
direct-acting antivirals during follow-up, are provided
in table 1. Median patients’ age was 56·0 years
(IQR 50·0–64·0) and 5279 (53%) patients were men.
7344 patients began direct-acting antiviral treatment after
a median time from entry of 4·3 months (IQR 0·2–17·2).
Median follow-up (untreated plus treated periods) in
these patients was 33·4 months (IQR 24·0–40·7). At the
last follow-up visit, 2551 patients remained untreated,
with a median follow-up of 31·2 months (IQR 21·5–41·0).
Patients who received direct-acting antivirals were older,

Received direct-acting
antivirals (n=7344)

Did not receive
direct-acting antivirals
(n=2551)

p value

(Continued from previous page)
APRI score in patients with cirrhosis†

1·94 (2·05)

1·68 (2·14)

≤2·00

1807/2664 (68%)

133/182 (73%)

>2·00

857/2664 (32%)

49/182 (27%)

··

4·41 (3·85)

4·39 (4·76)

0·31
0·49

FIB4 score in patients with cirrhosis†
<3·25

1330/2662 (50%)

96/182 (53%)

≥3·25

1332/2662 (50%)

86/182 (47%)

Diabetes

··

··

0·0014
0·16

··
<0·0001

No

6325/7270 (87%)

2277/2475 (92%)

··

Yes

945/7270 (13%)

198/2475 (8%)

··

Arterial hypertension

··

··

<0·0001

No

5105/7266 (70%)

1878/2467 (76%)

··

Yes

2161/7266 (30%)

589/2467 (24%)

··

Anaemia‡

··

··

0·69

No

6303/6879 (92%)

2014/2191 (92%)

··

Yes

576/6879 (8%)

177/2191 (8%)

··

Albumin

··

··

0·042

≥30 g/L

6160/6239 (99%)

1751/1763 (99%)

··

<30 g/L

79/6239 (1%)

12/1763 (1%)

··

Prothrombin time

··

··

<0·0001

>70%

6041/6360 (95%)

1921/1972 (97%)

··

≤70%

319/6360 (5%)

51/1972 (3%)

··

Platelet count

··

··

<0·0001

≥10⁵ per µL

6232/6830 (91%)

2106/2156 (98%)

··

<10⁵ per µL

598/6830 (9%)

50/2156 (2%)

··

Alanine aminotransferase

··

··

<0·0001

≤5 ULN

6646/7050 (94%)

2247/2286 (98%)

··

>5 ULN

404/7050 (6%)

39/2286 (2%)

··

Aspartate aminotransferase

··

··

<0·0001

≤5 ULN

6701/7013 (96%)

2198/2256 (97%)

··

>5 ULN

312/7013 (4%)

58/2256 (3%)

··

α-fetoprotein

··

··

<0·0001

<5·5 ng/mL

2647/5072 (52%)

1051/1416 (74%)

··

≥5·5 ng/mL

2425/5072 (48%)

365/1416 (26%)

··

Data are median (IQR), mean (SD), n/N (%), or n. Denominators are provided because data are missing for some variables.
APRI=aspartate aminotransferase to platelet ratio index. FIB4=fibrosis 4 score. HCV=hepatitis C virus. MELD=model for
end-stage liver disease. ULN=upper limit of normal. *Defined as at least 15 alcoholic drinks (150 g) per week for a woman
or 22 alcoholic drinks (220 g) per week for a man, or at least six consecutive alcoholic drinks (60 g) on at least
one occasion per week. †Cirrhosis was diagnosed in 2823 patients in the group who had received direct-acting antivirals
by the last follow-up visit and in 222 patients in the group who had not received direct-acting antivirals by the last
follow-up visit. ‡Defined as haemoglobin <12 g/dL in women and <13 g/dL in men.

Table 1: Characteristics of patients at entry in the cohort in relation to direct-acting antiviral treatment
during follow-up

more frequently men, had a higher body-mass index,
and reported past excessive alcohol use compared with
those who remained untreated at the final follow-up
visit. Receiving direct-acting antiviral treatment was also
strongly associated with the severity of liver disease and
other comorbidities (table 1). Compared with untreated
patients, those who received direct-acting antivirals had
been diagnosed with HCV for a longer time, 2823 (42%)
of 6800 patients had cirrhosis (vs 222 [10%] of

www.thelancet.com Published online February 11, 2019 http://dx.doi.org/10.1016/S0140-6736(18)32111-1

Hémodynamique, Interaction
Fibrose et Invasivité Tumorales
Hépatiques (HIFIH) Laboratory,
Bretagne Loire University,
Angers, France (Prof P Cales);
Department of Hepatology,
Hôpitaux Universitaires Paris
Seine-Saint-Denis, site
Jean Verdier, AP-HP, Bondy,
France (Prof N Ganne MD);
Université Paris 13, Sorbonne

5

Articles

Paris Cité et INSERM UMR 1162,
Paris, France (Prof N Ganne);
Department of Hepatology and
Gastroenterology,
CHU Limoges, INSERM U1248,
Université de Limoges,
Limoges, France
(Prof V Loustaud-Ratti MD);
Unit of Hepatology,
Hépatogastroentérologie,
CHU Trousseau, Tours, France
(L D’Alteroche MD); Department
of Hepatology and
Gastroenterology, Centre
Hospitalier Régional (CHR),
Orléans, France (X Causse MD);
Department of Hepatology and
Gastroenterology, CHR, Metz,
France (C Geist MD);
Department of Hepatology and
Gastroenterology, University
Hospital Dijon,
INSERM UMR 1231, Dijon,
France (A Minello MD);
Department of Hepatology and
Gastroenterology, Centre
Hospitalier Intercommunal,
Créteil, France (I Rosa MD);
Service
d’Hépato-Gastroentérologie,
CHU de Pointe-à-Pitre, and
Faculté de Médecine,
Université des Antilles,
Pointe-à-Pitre, Guadeloupe,

Received direct-acting antivirals
(exposed)

Did not receive direct-acting
antivirals (not exposed)

Exposed vs not exposed

n per
person-years

Incidence per
100 person-years
(95% CI)

n per
person-years

Incidence per
100 person-years
(95% CI)

Univariable HR
(95% CI)

Multivariable
adjusted HR
(95% CI)

All patients (n=9895)
All-cause mortality

129/13 626

0·95 (0·79–1·12)

89/12 709

0·70 (0·56–0·86)

1·14 (0·85–1·52)

0·48 (0·33–0·70)

Liver-related

48/13 626

0·35 (0·26–0·47)

25/12 709

0·20 (0·13–0·29)

1·46 (0·89–2·39)

0·39 (0·21–0·71)

Non-liver-related

61/13 626

0·45 (0·34–0·58)

53/12 709

0·42 (0·31–0·55)

0·92 (0·62–1·37)

0·60 (0·36–1·00)

Hepatocellular carcinoma

187/13 375

1·40 (1·20–1·61)

71/12 660

0·56 (0·44–0·71)

2·77 (2·07–3·71)

0·66 (0·46–0·93)

Decompensated cirrhosis

74/13 520

0·55 (0·43–0·69)

32/12 698

0·25 (0·17–0·36)

3·83 (2·29–6·42)

1·14 (0·57–2·27)

Patients with cirrhosis (n=3045)
All-cause mortality

94/6320

1·49 (1·20–1·82)

41/1578

2·60 (1·86–3·52)

0·35 (0·23–0·53)

0·34 (0·22–0·55)

Liver-related

42/6320

0·66 (0·48–0·90)

19/1578

1·20 (0·72–1·88)

0·32 (0·17–0·59)

0·28 (0·15–0·54)

Non-liver-related

36/6320

0·57 (0·40–0·79)

15/1578

0·95 (0·53–1·57)

0·36 (0·18–0·71)

0·40 (0·19–0·83)

Hepatocellular carcinoma

166/6104

2·72 (2·32–3·17)

57/1539

3·70 (2·80–4·80)

0·63 (0·44–0·90)

0·57 (0·40–0·81)

Decompensated cirrhosis

67/6223

1·08 (0·83–1·37)

28/1567

1·79 (1·19–2·58)

0·67 (0·40–1·11)

0·95 (0·48–1·89)

Patients without cirrhosis (n=5978) or with an unknown fibrosis score (n=872)
All-cause mortality
Liver-related

35/7307

0·48 (0·33–0·67)

48/11 131

0·43 (0·32–0·57)

0·94 (0·58–1·50)

0·74 (0·43–1·28)

6/7307

0·08 (0·03–0·18)

6/11 131

0·05 (0·02–0·12)

1·33 (0·46–3·84)

ND
0·75 (0·42–1·35)

Non-liver-related

25/7307

0·34 (0·22–0·51)

38/11 131

0·34 (0·24–0·47)

0·89 (0·51–1·56)

Hepatocellular carcinoma

21/7271

0·29 (0·18–0·44)

14/11 120

0·13 (0·07–0·21)

2·49 (1·18–5·27)

1·02 (0·40–2·61)

Decompensated cirrhosis

7/7297

0·10 (0·04–0·20)

4/11 131

0·04 (0·01–0·09)

3·59 (0·66–19·5)

ND

HR=hazard ratio. ND=not done because of insufficient number of events.

Table 2: Incidence of and risk for death, hepatocellular carcinoma, and decompensated cirrhosis, according to exposure to direct-acting antiviral treatment
during follow-up

All-cause mortality

Hepatocellular carcinoma

Decompensated cirrhosis

Unadjusted survival (%)

100
95
90

HR 1·14 (95% CI 0·85–1·52),
p=0·39

85

Received direct-acting antivirals
Untreated

HR 2·77 (95% CI 2·07–3·71),
p<0·0001

HR 3·83 (95% CI 2·29–6·42),
p<0·0001

HR 0·66 (95% CI 0·46–0·93),
p=0·018

HR 1·14 (95% CI 0·57–2·27),
p=0·72

Multivariable-adjusted survival (%)

80
100
95
90
85
80

HR 0·48 (95% CI 0·33–0·70),
p=0·0001
0

12

Received direct-acting antivirals 7344
(0)
Untreated 9895
(0)

24

36

48

60

0

12

Time in study (months)

Number at risk
(number censored)

5448
(1853)
4774
(5094)

3469
(3794)
2889
(6944)

1012
(6211)
1344
(8473)

59
(7156)
360
(9451)

24

36

48

60

0

12

Time in study (months)
6
(7209)
10
(9796)

7308
(0)
9895
(0)

5366
(1873)
4751
(5100)

3368
(3806)
2878
(6959)

977
(6156)
1337
(8495)

57
(7065)
335
(9471)

24

36

48

60

59
(7197)
360
(9503)

6
(7250)
10
(9853)

Time in study (months)
6
(7115)
10
(9814)

7330
(0)
9895
(0)

5408
(1879)
4766
(5110)

3432
(3837)
2888
(6982)

996
(6263)
1342
(8523)

Figure 2: Global survival, survival free from hepatocellular carcinoma, and survival free from decompensated cirrhosis, according to exposure to direct-acting antivirals in all patients analysed
Upper panel shows unadjusted survival curves. Lower panel show multivariable-adjusted survival curves estimated with a time-dependent Cox proportional hazards model. HR=hazard ratio.
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2223 untreated patients), 4159 (57%) of 7324 patients had
received HCV treatment at entry (vs 974 [39%] of
2516 untreated patients), including 49 (1%) of 7324 with
past use of interferon-free regimens (vs three [<1%] of
2516 untreated patients), 918 (13%) of 7227 patients
were infected with HCV genotype 3 (vs 211 [9%] of
2375 untreated patients), 945 (13%) of 7270 patients had
diabetes (vs 198 [8%] of 2475 untreated patients), and
2161 (30%) of 7266 patients had arterial hypertension (vs
589 [24%] of 2467 untreated patients). Of note, 1049 (40%)
of 2607 patients with past excessive alcohol use had
cirrhosis versus 1977 (28%) of 7119 without (p<0·0001),
which could be why past excessive alcohol users were
more likely to initiate direct-acting antiviral treatment.
Combinations of direct-acting antivirals used in the study
are listed in the appendix.
218 patients died during the study; 73 were classified as
liver-related deaths, 114 as non-liver-related (appendix),
and 31 deaths were unclassified. 258 cases of hepato
cellular carcinoma and 106 cases of decompensated
cirrhosis were reported during follow-up (figure 1).
25 patients also underwent liver transplantation during
follow-up. The crude incidence of all-cause mortality,
liver-related death, hepatocellular carcinoma, and decom
pensated cirrhosis was higher in patients exposed to
direct-acting antivirals than in unexposed patients
(table 2; figure 2). Exposure to direct-acting antivirals
was associated with increased risk for hepatocellular
carcinoma (HR 2·77, 95% CI 2·07–3·71; p<0·0001) and
decompensated cirrhosis (3·83, 2·29–6·42; p<0·0001) in
the unadjusted Cox model. After adjustment in the
multivariable analysis, exposure to direct-acting anti
virals was associated with a decrease in all-cause mortality
(HR 0·48, 95% CI 0·33–0·70; p=0·0001), liver-related
death (0·39, 0·21–0·71; p=0·0020), non-liver-related
death (0·60, 0·36–1·00; p=0·048), and he
pa
tocellular
carcinoma (0·66, 0·46–0·93; p=0·018), and was no
longer associated with decompensated cirrhosis (1·14,
0·57–2·27; p=0·72). Similar findings were obtained
using inverse probability of treatment weighting and
weighted sequential Cox models or when analyses were
restricted to events that occurred after 12 months of
follow-up (appendix). Other predictors independently
associated with risk for all-cause mortality, hepatocellular
carcinoma, or decompensated cirrhosis are presented in
table 3 and include cirrhosis, markers of liver failure,
hypertension, anaemia, and serum α-fetoprotein; a
description of events by covariate levels is provided in
the appendix.
A sustained virological response was achieved by
5615 (76%) of 7344 patients who started direct-acting anti
virals, was not achieved by 341 (5%) patients,
and was unknown in 709 (10%) patients; sustained viro
logical response status could not be established for
679 (9%) patients because of insufficient follow-up
(these patients are classified as on-treatment; appendix).
Thus, the proportion of patients achieving a sustained

All-cause mortality Hepatocellular
carcinoma

Decompensated
cirrhosis

0·48 (0·33–0·70)*

0·66 (0·46–0·93)* 1·14 (0·57–2·27)

<50 (reference)

1·00

1·00

≥50 to <56

1·37 (0·84–2·26)

1·78 (1·08–2·95)*

1·77 (0·84–3·71)

≥56 to <64

1·41 (0·86–2·30)

2·41 (1·47–3·95)*

2·08 (1·05–4·14)*

≥64

2·02 (1·27–3·23)*

3·47 (2·07–5·81)*

1·60 (0·79–3·24)

1·43 (1·06–1·92)*

2·37 (1·71–3·29)*

1·39 (0·84–2·31)

<18·5

2·57 (1·36–4·85)*

0·23 (0·03–1·75)

2·18 (0·63–7·50)

≥18·5 to <25 (reference)

1·00

1·00

1·00

≥25 to <30

0·90 (0·65–1·25)

0·89 (0·67–1·20)

1·92 (1·16–3·16)*

≥30

1·00 (0·66–1·51)

0·99 (0·69–1·44)

1·68 (0·92–3·08)

1·35 (0·99–1·84)

1·46 (1·11–1·92)*

1·25 (0·80–1·96)

Injecting drug use (reference)

1·00

1·00

1·00

Transfusion

1·62 (1·04–2·53)*

1·36 (0·90–2·07)

1·10 (0·60–2·02)

Other or unknown

1·18 (0·77–1·81)

1·14 (0·79–1·64)

0·73 (0·41–1·33)

At entry in the cohort (yes vs no)

1·32 (0·67–2·60)

0·78 (0·39–1·53)

1·01 (0·31–3·37)

Past (yes vs no)

1·27 (0·91–1·78)

1·29 (0·95–1·75)

0·83 (0·53–1·29)

<7 (reference)

1·00

1·00

1·00

≥7 to <15

0·66 (0·43–1·02)

1·08 (0·72–1·64)

1·37 (0·70–2·69)

≥15 to <21

0·82 (0·54–1·25)

1·06 (0·71–1·59)

1·01 (0·49–2·05)

≥21

0·71 (0·46–1·10)

1·06 (0·70–1·60)

1·24 (0·62–2·48)

0·85 (0·61–1·18)

0·83 (0·60–1·15)

1·32 (0·80–2·18)

1 (reference)

1·00

1·00

1·00

2

1·14 (0·64–2·00)

1·07 (0·58–1·99)

1·34 (0·60–2·97)

3

1·46 (0·97–2·20)

2·27 (1·63–3·16)*

1·68 (1·01–2·79)*

4

1·13 (0·71–1·80)

0·70 (0·43–1·15)

0·58 (0·28–1·21)

5, 6, or 7

1·18 (0·51–2·76)

1·93 (1·02–3·64)*

1·36 (0·43–4·34)
1·00

Exposed to direct-acting antivirals (yes vs no)
Age (years)

Sex (male vs female)

1·00

Body-mass index (kg/m²)

Geographical origin (France vs other)
Infection route

Excessive alcohol use†

Time since HCV diagnosis (years)

HCV treatment-naive (yes vs no)
HCV genotype

Fibrosis scoring
F0, F1, or F2 (reference)

1·00

1·00

F3

1·45 (0·79–2·67)

5·03 (2·29–11·0)*

1·41 (0·32–6·24)

F4

3·69 (2·32–5·87)*

15·3 (7·55–30·9)*

9·01 (3·30–24·6)*

Diabetes (yes vs no)

1·23 (0·86–1·76)

1·05 (0·76–1·43)

1·23 (0·79–1·90)

Hypertension (yes vs no))

1·51 (1·10–2·08)*

1·44 (1·09–1·91)*

1·60 (0·99–2·59)

Anaemia (yes vs no)‡

2·45 (1·69–3·55)*

1·28 (0·89–1·84)

2·10 (1·22–3·62)*

Albumin (<30 g/L vs ≥30 g/L)

2·03 (0·87–4·74)

2·49 (1·23–5·03)*

1·87 (0·73–4·81)

Prothrombin time (≤70% vs >70%)

1·71 (1·07–2·71)*

1·44 (0·97–2·14)

1·72 (1·01–2·94)*

Platelet count (< 10⁵ per µL vs ≥10⁵ per µL)

1·50 (0·97–2·33)

2·24 (1·66–3·01)* 6·05 (3·75–9·77)*

Alanine aminotransferase (>5 ULN vs ≤5 ULN)

0·54 (0·24–1·22)

0·79 (0·42–1·48)

0·53 (0·22–1·30)

Aspartate aminotransferase (>5 ULN vs ≤5 ULN)

1·31 (0·67–2·57)

0·78 (0·44–1·38)

0·95 (0·37–2·42)

α-fetoprotein (≥5·5 ng/mL vs <5·5 ng/mL)

1·03 (0·73–1·44)

2·09 (1·48–2·95)* 0·82 (0·51–1·34)

A time-dependent Cox model was used for the analysis. Dummy variables were used for missing covariate values.
The baseline hazard was modelled as a smooth function of time since first patient’s inclusion visit. HCV=hepatitis C
virus. ULN=per limit of normal. *Significant adjusted analysis associations at the p<0·05 level. †Defined as at least
15 alcoholic drinks (150 g) per week for a woman or 22 alcoholic drinks (220 g) per week for a man, or at least
six consecutive alcoholic drinks (60 g) on at least one occasion per week. ‡Defined as haemoglobin <12 g/dL in women
and <13 g/dL in men.

Table 3: Factors associated with all-cause mortality, hepatocellular carcinoma, and decompensated
cirrhosis in all patients analysed
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All-cause mortality

Hepatocellular carcinoma

Decompensated cirrhosis

Unadjusted survival (%)

100
90
80

HR 0·35 (95% CI 0·23–0·53),
p<0·0001

70

Received direct-acting antivirals
Untreated

HR 0·63 (95% CI 0·44–0·90),
p=0·011

HR 0·67 (95% CI 0·40–1·11),
p=0·12

HR 0·57 (95% CI 0·40–0·81),
p=0·0016

HR 0·95 (95% CI 0·48–1·89),
p=0·89

Multivariable-adjusted survival (%)

60
100
90
80
70
60

HR 0·34 (95% CI 0·22–0·55),
p<0·0001
0

12

24

36

48

60

0

12

Time in study (months)

Number at risk
(number censored)

Received direct-acting antivirals 2823
(0)
Untreated 3045
(0)

2457
(338)
560
(2474)

1803
(963)
186
(2834)

610
(2125)
82
(2930)

25
(2704)
37
(2971)

24

36

48

60

0

12

Time in study (months)
2
(2727)
0
(3004)

2795
(0)
3045
(0)

2389
(347)
543
(2468)

1715
(964)
178
(2821)

575
(2065)
76
(2918)

23
(2607)
33
(2956)

24

36

48

60

25
(2718)
37
(2980)

2
(2741)
0
(3017)

Time in study (months)
2
(2627)
0
(2988)

2810
(0)
3045
(0)

2419
(353)
552
(2474)

1768
(987)
185
(2837)

596
(2150)
81
(2937)

Figure 3: Global survival, survival free from hepatocellular carcinoma, and survival free from decompensated cirrhosis, according to exposure to direct-acting antivirals in patients with cirrhosis
Upper panel shows unadjusted survival curves. Lower panel shows multivariable-adjusted survival curves estimated with a time-dependent Cox proportional hazards model. HR=hazard ratio.
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virological response was 94% (5615 of 5956 patients who
had known status and sufficient follow-up). In the
adjusted multivariable analysis, compared with untreated
patients, achieving a sustained virological response in
patients who received direct-acting antivirals was associ
ated with a decrease in all-cause mortality, liver-related
mortality, non-liver-related mortality, and hepatocellular
carcinoma, and with a non-significant decrease in decom
pensated cirrhosis, whereas not achieving a sustained
virological response was associated with a significant
increase in hepatocellular carcinoma (adjusted HR 2·23,
95% CI 1·37–3·64; p=0·0012; appendix). The median
time between assessment of a sustained virological
response and diagnosis of hepatocellular carcinoma
was 14·0 months (IQR 7·4–21·1) in patients without a
sustained virological response and 12·1 months
(5·9–20·1) in those with a sustained virological response
(p=0·29). No evidence was found of increased risk for
hepatocellular carcinoma during the on-treatment period
(adjusted HR 0·74, 95% CI 0·49–1·13; p=0·17).
In adjusted multivariable analyses in 3045 patients with
baseline cirrhosis, exposure to direct-acting antivirals was
strongly associated with a decrease in all-cause mortality
(HR 0·34, 95% CI 0·22–0·55; p<0·0001), liver-related
mortality (0·28, 0·15–0·54; p=0·0001), non-liver-related
mortality (0·40, 0·19–0·83; p=0·015), and hepatocellular
carcinoma (0·57, 0·40–0·81; p=0·0016; table 2; figure 3).
Predictors of clinical events in patients with cirrhosis

were similar to those identified in the entire cohort
(appendix). A sustained virological response was achieved
by 2329 (83%) of 2823 patients with cirrhosis who
initiated direct-acting antivirals, was not achieved by
195 (7%) patients, and was unknown in 179 (6%) patients;
120 (4%) patients were still on-treatment. Thus, the
proportion of patients with cirrhosis achieving a sustained
virological response was 92% (2329 of 2524 patients who
had known status and sufficient follow-up). Multivariable
analyses confirmed the association between achieving
a sustained virological response and a decrease in allcause mortality, liver-related mortality, non-liver-related
mortality, and hepatocellular carcinoma. The association
was also confirmed between not achieving a sustained
virological response and increased risk for hepatocellular
carcinoma (appendix).
We did not find any association between exposure to
direct-acting antivirals and mortality and clinical out
comes in the subset of patients without cirrhosis or with
an unknown fibrosis score at entry (table 2). A sustained
virological response was achieved by 3286 (73%) of
4521 patients who initiated direct-acting antivirals, was
not achieved by 146 (3%), and was unknown in 530 (12%);
559 (12%) patients were still on-treatment. Thus, the
proportion of patients without cirrhosis or with an
unknown fibrosis score who achieved a sustained
virological response was 96% (3286 of 3432 patients who
had known status and sufficient follow-up).
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Detailed characteristics of hepatocellular carcinoma
were obtained for 249 (97%) of 258 patients with incident
hepatocellular carcinoma. No difference was found
between patients treated with direct-acting antivirals and
untreated patients in the delay between the last normal
imaging test and diagnosis, macroscopic pattern,
number of tumours at diagnosis, total nodule size,
largest nodule size, or serum α-fetoprotein (appendix).

Discussion
The findings of this large French cohort study show
that direct-acting antiviral treatment is associated with
reduced risk for mortality and hepatocellular carcinoma,
after adjustment for potential confounding factors.
Similar associations were identified in the subgroup of
patients with cirrhosis. These inverse associations
persisted in the subgroup of patients who achieved a
sustained virological response, whereas those who did
not achieve a sustained virological response were at
higher risk for hepatocellular carcinoma. No signs were
seen of increased risk for hepatocellular carcinoma
during direct-acting antiviral treatment.
Overall, our results are similar to those reported in the
ERCHIVES retrospective cohort.14 In that study, a sig
nificant (57%, 95% CI 43–67) decrease in all-cause
mortality was noted in patients receiving direct-acting
antivirals compared with propensity-score-matched
untreated patients. Moreover, results showed that age,
cirrhosis, comorbidities (diabetes and chronic kidney
disease), and anaemia were positively correlated with
mortality. In our study, we reported a strong independent
relation between all-cause mortality and cirrhosis,
markers of liver failure, hypertension, and anaemia. Our
results also confirm those of studies in which a lower risk
of death was noted in patients treated with direct-acting
antivirals who achieved a sustained virological response,
compared with those who did not achieve a sustained
virological response.10 The incidence of hepatocellular
carcinoma in patients with a sustained virological
response after treatment with direct-acting antivirals in
our study (appendix) overlapped with the incidence
reported in another study (1·15 [95% CI 0·93–1·41] per
100 person-years vs 0·90 [0·77–1·03] per 100 personyears),8 whereas incidence in patients without a sustained
virological response was significantly higher in our study
compared with this other study (7·19 [95% CI 5·16–9·76]
per 100 person-years vs 3·45 [2·73–4·18] per 100 personyears). This difference could be because patients at
highest risk for hepatic morbidity and mortality (eg, those
with a history of excessive alcohol use) received directacting antivirals in our study.
A striking finding in our study was the lower risk for
non-liver-related mortality in patients treated with directacting antivirals compared with untreated patients.
Although a decrease in long-term non-liver-related
mortality has been reported in patients with sustained
virological response compared with those without a

sustained virological response after interferon-based
therapy,28 reverse causality could be another possibility
if patients with the most severe liver disease and the
highest risk for death from any cause had a lower
probability of starting direct-acting antiviral treatment.
However, patients with decompensated cirrhosis or a
history of hepatocellular carcinoma were excluded at
baseline. We adjusted for many markers of liver
insufficiency and comorbidities in our multivariable
analyses. Finally, our results were similar when data
from the first 12 months of follow-up were excluded.
These elements seem to exclude reverse causality.
Our study has several limitations. First, the assessment
of fibrosis and cirrhosis was based on patients’ records at
entry in the cohort, ascertained by different methods,
and not updated during follow-up or when patients
started direct-acting antiviral treatment. We validated the
predictive value of platelet count and prothrombin time
for diagnosis of cirrhosis, using other methods for the
assessment of fibrosis. The median time between
assessment of fibrosis and end of follow-up did not differ
between untreated and treated patients. Fibrosis probably
worsened in some patients, thus accounting for the
development of liver-related complications in patients
classified as without cirrhosis at entry in the cohort.
However, any difference in the progression of fibrosis
between patients untreated and treated with direct-acting
antivirals during follow-up would be directly attributable to
the effect of treatment on fibrosis. Thus, lack of assessment
of fibrosis during follow-up should not be regarded as a
bias but rather a plausible explanation for the inverse
relation between treatment and risk for liver-related
outcomes. Moreover, results in the subgroup of patients
with baseline cirrhosis, which should be less biased by the
misclassification of fibrosis, were consistent.
A second limitation of our study is that the duration
of follow-up was short, making assessment of longterm outcomes associated with direct-acting antivirals
impossible. Nevertheless, an inverse relation was noted
between treatment with direct-acting antivirals and
liver-related mortality or hepatocellular carcinoma in
patients with cirrhosis over this short-term follow-up
period, and a longer duration of follow-up would
probably not change these findings.
Third, because of the observational nature of our study,
some patients might have undergone less regular
screening for hepatocellular carcinoma than recom
mended, resulting in potentially missed diagnoses.
However, the average number of follow-up visits and
ultrasound examinations (weighted by person-years of
follow-up) were higher in patients during treatment
and the year after treatment than in untreated patients
or before treatment (data available on request). Therefore,
any screening bias would result in a decrease in detection
of hepatocellular carcinoma in patients not treated with
direct-acting antivirals, compared with treated patients,
and would not affect our conclusions.
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A fourth limitation is that no association was seen
between direct-acting antivirals and risk for decompensated
cirrhosis. However, the analysis according to sustained
virological response status (appendix) shows a nonsignificant inverse association in patients with cirrhosis at
baseline (patients treated with direct-acting antivirals who
achieved a sustained virological response vs untreated
patients, HR 0·51, 95% CI 0·23–1·14), and our study
probably does not have statistical power for this outcome.
Finally, although many multivariable analyses were
done, we cannot exclude either a residual risk of bias
from confounding factors associated with unmeasured
prognostic factors or another complex time-dependent
selection bias. We used different statistical methods to
account for these different sources of bias, with similar
results.
Because of the observational design of our study, we
cannot formally conclude that inverse associations
between direct-acting antiviral treatment and mortality
or incidence of hepatocellular carcinoma reflect cause
and effect relations. However, we can postulate about
plausible mechanisms. Direct-acting antivirals induce a
sustained virological response, reducing liver damage
and inflammation. This effect causes liver regeneration,
decreasing risk for progression to liver-related com
plications or hepatocellular carcinoma. Our results
showing strikingly different risks for these liver-related
events in patients with and without a sustained virological
response support these mechanisms. Researchers have
also suggested that not achieving a sustained virological
response could be a sign of hepatocellular carcinoma.29,30
However, the median time between assessment of
sustained virological response and diagnosis of hepato
cellular carcinoma did not differ between patients with
and without a sustained virological response. This
finding does not support the presence of pre-existing
hepatocellular carcinoma in patients without a sustained
virological response.
In summary, the findings of this large prospective
cohort study showed a significant decrease in risk for allcause mortality and hepatocellular carcinoma associated
with direct-acting antiviral treatment. Our results also
suggest that direct-acting antivirals do not adversely
affect the development of hepatocellular carcinoma. The
long-term effects of direct-acting antivirals on liver
decompensation must still be clarified.
Contributors
FC, CD, HF, MS, and SP contributed to the study idea and design.
HF, CD, CH, VdL, DL, J-PB, FZ, TA, PaM, DT, VL, AT, FH, DS, DG, OC,
PhM, SM, LA, GR, JG, AA, PC, NG, VL-R, LDA, XC, CG, AM, IR, MG-S,
IP, FR, MB, and SP contributed to data acquisition. FC, CD, GH, MB, and
SP contributed to data analysis and data interpretation. FC, HF, and SP
wrote the report, and all authors reviewed the manuscript for important
intellectual content. FC and GH contributed to the statistical analysis.
FC, HF, CD, MS, AD, MB, and SP provided administrative, technical,
or material support. FC HF, CD, MS, and SP supervised the study.
ANRS-AFEF Hepather study group
Delphine Bonnet, Virginie Payssan-Sicart, Chloe Pomes (CHU Purpan,
Toulouse, France), François Bailly, Marjolaine Beaudoin,

10

Dominique Giboz, Kerstin Hartig-Lavie, Marianne Maynard
(Hospices Civils de Lyon, Lyon, France), Eric Billaud, David Boutoille,
Morane Cavellec, Marjorie Cheraud-Carpentier (Hôpital Hôtel-Dieu,
Nantes, France), Isabelle Hubert, Jaouad Benhida, Adrien Lannes,
Françoise Lunel, Frédéric Oberti (CHU Angers, Angers, France),
Nathalie Boyer, Nathalie Giuily, Corinne Castelnau, Giovanna Scoazec
(Hôpital Beaujon, Clichy, France), Aziza Chibah, Sylvie Keser,
Karim Bonardi, Anaïs Vallet-Pichard, Philippe Sogni (Hôpital Cochin,
Paris, France), Juliette Foucher, Jean-Baptiste Hiriart, Amy Wilson,
Sarah Shili, Faiza Chermak (Hôpital Haut-Lévêque, Pessac, Bordeaux,
France), Christelle Ansaldi, Nisserine Ben Amara, Laëtitia Chouquet,
Emilie De Luca, Valérie Oules (Hôpital Saint Joseph, Marseille, France),
Rodolphe Anty, Eve Gelsi, Régine Truchi (CHU de Nice, Nice, France),
Elena Luckina, Nadia Messaoudi, Joseph Moussali (Hôpital de la Pitié
Salptétrière, Paris, France), Barbara De Dieuleveult, Damien Labarriere,
Pascal Poter, Si Nafa Si Ahmed (CHR La Source, Orléans, France),
Véronique Grando-Lemaire, Pierre Nahon, Valérie Bourcier,
Séverine Brulé, Thomas Stalhberger (Hôpital Jean Verdier, Bondy,
France), Caroline Jezequel, Audrey Brener, Anne Laligant, Aline Rabot,
Isabelle Renard (CHU Rennes, Rennes, France), Thomas F Baumert,
Michel Doffoel, Catherine Mutter, Pauline Simo-Noumbissie, Esma Razi
(Hôpitaux Universitaires de Strasbourg, Strasbourg, France),
Hélène Barraud, Mouni Bensenane, Abdelbasset Nani,
Sarah Hassani-Nani, Marie-Albertine Bernard (CHU de Nancy, Nancy,
France), Georges-Philippe Pageaux, Michael Bismuth, Ludovic Caillo,
Stéphanie Faure, Marie Pierre Ripault (Hôpital Saint Eloi, Montpellier,
France), Christophe Bureau, Jean Marie Peron, Marie Angèle Robic,
Léa Tarallo (CHU Purpan, Toulouse, France), Marine Faure,
Bruno Froissart, Marie-Noelle Hilleret, Jean-Pierre Zarski
(CHU de Grenoble, Grenoble, France), Odile Goria, Victorien Grard,
Hélène Montialoux (CHU Charles Nicolle, Rouen, France),
Muriel François, Christian Ouedraogo, Christelle Pauleau,
Anne Varault (Hôpital Henri Mondor, Créteil, France), Tony Andreani,
Bénédicte Angoulevant, Azeline Chevance, Lawrence Serfaty
(Hôpital Saint-Antoine, Paris, France), Teresa Antonini, Audrey Coilly,
Jean-Charles Duclos Vallée, Mariagrazia Tateo (Hôpital Paul Brousse,
Villejuif, France), Corinne Bonny, Chanteranne Brigitte,
Géraldine Lamblin, Léon Muti (Hôpital Estaing, Clermont-Ferrand,
France), Abdenour Babouri, Virginie Filipe (Centre Hospitalier Régional,
Metz, France), Camille Barrault, Laurent Costes, Hervé Hagège,
Soraya Merbah (Centre Hospitalier Intercommunal, Créteil, France),
Paul Carrier, Maryline Debette-Gratien, Jérémie Jacques (CHU Limoges,
Limoges, France), Guillaume Lassailly, Florent Artu, Valérie Canva,
Sébastien Dharancy, Alexandre Louvet (CHRU Claude Huriez, Lille,
France), Marianne Latournerie, Marc Bardou, Thomas Mouillot
(Dijon University Hospital, Dijon, France), Yannick Bacq,
Didier Barbereau, Charlotte Nicolas (CHU Trousseau, 37044 Tours,
France), Caroline Chevalier, Isabelle Archambeaud, Sarah Habes
(CHU de Nantes, Nantes, France), Nisserine Ben Amara,
Danièle Botta-Fridlund, (CHU Timone, Marseille, France), Eric Saillard,
Marie-Josée Lafrance, (CHU de Pointe-à-Pitre, Pointe-à-Pitre,
Guadeloupe).
Scientific committee—voting members: Marc Bourlière (Hôpital St Joseph,
Marseille), Patrice Cacoub (Hôpital Pitié salpêtrière, Paris, France,
Fabrice Carrat (Scientific Coordinator, Hôpital Saint-Antoine, Paris,
France), Patrizia Carrieri (INSERM U912, Marseille, France),
Elisabeth Delarocque-Astagneau (Inserm UMR1181, Paris),
Victor De Ledinghen (Hôpital Haut-Lévêque, Pessac, Bordeaux, France),
Céline Dorival (UPMC & INSERM U1136, Paris, France),
Jean Dubuisson (Inserm U1019, Lille, France), Hélène Fontaine (Hôpital
Cochin, Paris, France), Chantal Housset (Inserm UMR-S938 1 IFR65,
Paris), Dominique Larrey (Hôpital Saint Eloi, Montpellier, France),
Patrick Marcellin (Hôpital Beaujon, Clichy, France), Philippe Mathurin
(CHRU Claude Huriez, Lille, France), Pierre Nahon (Hôpital
Jean Verdier, Bondy, France), Georges-Philippe Pageaux
(Hôpital Saint Eloi, Montpellier, France), Jean-Michel Pawlotsky
(Hôpital Henri Mondor, Créteil, France), Ventzislava Petrov-Sanchez
(ANRS, Paris, France), Stanislas Pol (Principal Investigator, Hôpital
Cochin, Paris, France), Sophie Vaux (Agence Nationale de Santé
Publique, Saint Maurice, France), Linda Wittkop (ISPED-INSERM U897,
Bordeaux, France), Yazdan Yazdanpanah (Hôpital Bichat Claude

www.thelancet.com Published online February 11, 2019 http://dx.doi.org/10.1016/S0140-6736(18)32111-1

Articles

Bernard, Paris, France), Jean-Pierre Zarski (CHU de Grenoble, Grenoble,
France), Fabien Zoulim (Hospices Civils de Lyon, Lyon, France),
Jessica Zucman-Rossi (INSERM U674/1162, Paris).
Scientific committee—non-voting members: Marianne L’hennaff
(ARCAT-TRT-5-CHV, France), Michèle Sizorn (SOS hépatites, France);
one representative of INSERM-ANRS Pharmacovigilance team, Paris,
France (Imane Amri, Alpha Diallo), Mélanie Simony, Carole Cagnot
(INSERM-ANRS, Paris, France), one member of INSERM Transfert,
Paris, France (Alice Bousselet, Mireille Caralp, Jean-Marc Lacombe),
and one representative of each pharmaceutical company
(MSD, Janssen, Gilead, AbbVie, Bristol-Myers Squibb, Roche).
Sponsor: Imane Amri, Alpha Diallo, Carole Cagnot, Mélanie Simony
(INSERM-ANRS, Paris, France); Ventzi Petrov-Sanchez (coordinator).
Methodology and Coordinating Centre: Loubna Ayour, Jaouad Benhida,
Fabrice Carrat (coordinator), Frederic Chau, Céline Dorival,
Audrey Gilibert, Isabelle Goderel, Victorien Grard, Warda Hadi,
Georges Haour, Godwin Mawuvi, Léa Mba Mintsa, Grégory Pannetier,
François Pinot, Muriel Sudres, François Téloulé (Sorbonne Université
and INSERM U1136, Paris, France).
Declaration of interests
FC reports grants from INSERM-ANRS, during the conduct of the study;
and personal fees from Imaxio, outside the submitted work. HF reports
personal fees and invitations for medical meetings from Gilead, AbbVie,
Bristol-Myers Squibb, MSD, and Janssen, outside the submitted work.
CH reports personal fees from AbbVie, Bristol-Myers Squibb, Gilead,
Janssen, and MSD, outside the submitted work. VdL reports personal fees
from AbbVie, Gilead, Merck, and Bristol-Myers Squibb, outside the
submitted work. J-PB reports personal fees from AbbVie, Gilead, MSD,
Bristol-Myers Squibb, and Janssen, outside the submitted work. FZ
reports personal fees from AbbVie and Gilead, during the conduct of the
study. TA reports grants from INSERM-ANRS, outside the submitted
work; and personal fees from AbbVie, Gilead, Janssen, and MSD, outside
the submitted work. PaM reports grants from AbbVie, Genfit, Gilead,
Janssen, and MSD, outside the submitted work. VL reports grants,
personal fees, and non-financial support from AbbVie, Bristol-Myers
Squibb, and Gilead, outside the submitted work; personal fees and
non-financial support from MSD, outside the submitted work; and
personal fees from Echosens, outside the submitted work. FH reports an
invitation for medical meetings from Gilead and AbbVie, outside the
submitted work. DS reports consulting fees from Astellas, Bristol-Myers
Squibb, Gilead, LFB, MSD, Novartis, Roche, Biotest, AbbVie, and
Intercept, outside the submitted work. DG reports personal fees and
non-financial support from Gilead, MSD, and AbbVie; during the conduct
of the study; and grants, personal fees, and non-financial support from
Janssen, during the conduct of the study. OC reports an invitationfor
scientific meetings from AbbVie, outside the submitted work. PhM
reports personal fees from MSD, AbbVie, and Gilead, outside the
submitted work. LA reports grants and personal fees from MSD and
AbbVie, outside the submitted work; personal fees from Gilead, outside
the submitted work; and grants from Janssen and Bristol-Myers Squibb,
outside the submitted work. JG reports personal fees from Gilead, MSD,
and AbbVie, during the conduct of the study; and personal fees from
Intercept, outside the submitted work. AA reports grants and personal
fees from Gilead, AbbVie, and MSD, outside the submitted work. NG
reports grants from Echosens, outside the submitted work; personal fees
and non-financial support from Gilead, AbbVie, and Bayer, outside the
submitted work; and non-financial support from MSD, outside the
submitted work. VL-R reports grants from INSERM-ANRS, during the
conduct of the study; and personal fees from AbbVie, Gilead, MSD, and
Bristol-Myers Squibb, outside the submitted work. XC reports personal
fees from AbbVie, Gilead, and MSD, outside the submitted work. AM
reports personal fees and non-financial support from Gilead and Merck,
outside the submitted work; and non-financial support from AbbVie,
outside the submitted work. FR reports personal fees from Gilead and
Abbott, outside the submitted work; and grants and personal fees from
MSD, outside the submitted work. MB reports grants and personal fees
from AbbVie and Gilead, outside the submitted work; and personal fees
from MSD, Janssen, Boehringher Ingelheim, Intercept, and Bristol-Myers
Squibb, outside the submitted work. SP received consulting and lecturing
fees from Bristol-Myers Squibb, Janssen, Gilead, Roche, Boehringer
Ingelheim, MSD, and AbbVie, outside the submitted work; and grants

from Bristol-Myers Squibb, Gilead, and MSD, outside the submitted
work. CD, MS, AD, DL, GH, DT, AT, SM, GR, PC, LDA, CG, IR, MG-S,
and IP declare no competing interests.
Acknowledgments
We thank participants and participating clinicians at each study site; and
Dale Roche-Lebrec for help in editing the report. This study received
funding from INSERM-ANRS (France Recherche Nord & Sud Sida-HIV
Hépatites), ANR (Agence Nationale de la Recherche), DGS (Direction
Générale de la Santé) and MSD, Janssen, Gilead, AbbVie, Bristol-Myers
Squibb, and Roche.
References
1
WHO. Global hepatitis report, 2017. April, 2017. https://www.who.
int/hepatitis/publications/global-hepatitis-report2017/en/ (accessed
Jan 7, 2019).
Fontaine H, Chaix M-L, Lagneau J-L, Bréchot C, Pol S. Recovery from
2
chronic hepatitis C in long-term responders to ribavirin plus
interferon alfa. Lancet 2000; 356: 41.
Pearlman BL, Traub N. Sustained virologic response to antiviral
3
therapy for chronic hepatitis C virus infection: a cure and so much
more. Clin Infect Dis 2011; 52: 889–900.
4
US Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research.
Chronic hepatitis C virus infection: developing direct-acting antiviral
drugs for treatment—guidance for industry. November, 2017.
https://www.fda.gov/downloads/drugs/guidancecompliance
regulatoryinformation/guidances/ucm225333.pdf
(accessed Jan 7, 2019).
European Medicines Agency, Committee for Medicinal Products for
5
Human Use. Guideline on the clinical evaluation of direct acting
antivirals for the treatment of chronic hepatitis. June 23, 2016.
http://www.ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2016/07/WC500209917.pdf (accessed Jan 7, 2019).
6
Cheung MC, Walker AJ, Hudson BE, et al. Outcomes after
successful direct-acting antiviral therapy for patients with chronic
hepatitis C and decompensated cirrhosis. J Hepatol 2016; 65: 741–47.
Innes H, McDonald S, Hayes P, et al. Mortality in hepatitis C
7
patients who achieve a sustained viral response compared to the
general population. J Hepatol 2017; 66: 19–27.
8
Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB.
Risk of hepatocellular cancer in HCV patients treated with
direct-acting antiviral agents. Gastroenterology 2017; 153: 996–1005.
9
Nahon P, Bourcier V, Layese R, et al. Eradication of hepatitis C virus
infection in patients with cirrhosis reduces risk of liver and non-liver
complications. Gastroenterology 2017; 152: 142–56.
10 Simmons B, Saleem J, Heath K, Cooke GS, Hill A. Long-term
treatment outcomes of patients infected with hepatitis C virus:
a systematic review and meta-analysis of the survival benefit of
achieving a sustained virological response. Clin Infect Dis 2015;
61: 730–40.
11 van der Meer AJ, Feld JJ, Hofer H, et al. Risk of cirrhosis-related
complications in patients with advanced fibrosis following hepatitis
C virus eradication. J Hepatol 2017; 66: 485–93.
12 van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between
sustained virological response and all-cause mortality among
patients with chronic hepatitis C and advanced hepatic fibrosis.
JAMA 2012; 308: 2584–93.
13 Jakobsen JC, Nielsen EE, Feinberg J, et al. Direct-acting antivirals for
chronic hepatitis C. Cochrane Database Syst Rev 2017; 6: CD012143.
14 Butt AA, Yan P, Simon TG, Abou-Samra AB. Effect of paritaprevir/
ritonavir/ombitasvir/dasabuvir and ledipasvir/sofosbuvir regimens
on survival compared with untreated hepatitis C virus-infected
persons: results from ERCHIVES. Clin Infect Dis 2017; 65: 1006–11.
15 Maan R, Feld JJ. Risk for hepatocellular carcinoma after hepatitis C
virus antiviral therapy with direct-acting antivirals: case closed?
Gastroenterology 2017; 153: 890–92.
16 Waziry R, Hajarizadeh B, Grebely J, et al. Hepatocellular carcinoma
risk following direct-acting antiviral HCV therapy: a systematic
review, meta-analyses, and meta-regression. J Hepatol 2017;
67: 1204–12.
17 Pol S, Bourliere M, Lucier S, et al. Safety and efficacy of
daclatasvir-sofosbuvir in HCV genotype 1-mono-infected patients.
J Hepatol 2017; 66: 39–47.

www.thelancet.com Published online February 11, 2019 http://dx.doi.org/10.1016/S0140-6736(18)32111-1

11

Articles

18
19
20
21
22
23
24
25

12

European Association for the Study of the Liver. EASL
recommendations on treatment of hepatitis C 2016. J Hepatol 2017;
66: 153–94.
Croquet V, Vuillemin E, Ternisien C, et al. Prothrombin index is an
indirect marker of severe liver fibrosis. Eur J Gastroenterol Hepatol
2002; 14: 1133–41.
Oberti F, Valsesia E, Pilette C, et al. Noninvasive diagnosis of
hepatic fibrosis or cirrhosis. Gastroenterology 1997; 113: 1609–16.
Adams LA, Bulsara M, Rossi E, et al. Hepascore: an accurate
validated predictor of liver fibrosis in chronic hepatitis C infection.
Clin Chem 2005; 51: 1867–73.
Bedossa P, Poynard T. An algorithm for the grading of activity in
chronic hepatitis C. Hepatology 1996; 24: 289–93.
Garcia-Tsao G, Friedman S, Iredale J, Pinzani M. Now there are many
(stages) where before there was one: in search of a pathophysiological
classification of cirrhosis. Hepatology 2010; 51: 1445–49.
Trinchet JC, Bourcier V, Chaffaut C, et al. Complications and
competing risks of death in compensated viral cirrhosis
(ANRS CO12 CirVir prospective cohort). Hepatology 2015; 62: 737–50.
Simon R, Makuch RW. A non-parametric graphical representation
of the relationship between survival and the occurrence of an event:
application to responder versus non-responder bias. Stat Med 1984;
3: 35–44.

26

27

28
29

30

Austin PC, Stuart EA. Moving towards best practice when using
inverse probability of treatment weighting (IPTW) using the
propensity score to estimate causal treatment effects in
observational studies. Stat Med 2015; 34: 3661–79.
Gran JM, Roysland K, Wolbers M, et al. A sequential Cox approach
for estimating the causal effect of treatment in the presence of
time-dependent confounding applied to data from the Swiss HIV
Cohort Study. Stat Med 2010; 29: 2757–68.
Tada T, Kumada T, Toyoda H, et al. Viral eradication reduces
all-cause mortality in patients with chronic hepatitis C virus
infection: a propensity score analysis. Liver Int 2016; 36: 817–26.
Romano A, Angeli P, Piovesan S, et al. Newly diagnosed
hepatocellular carcinoma in patients with advanced hepatitis C
treated with DAAs: a prospective population study. J Hepatol 2018;
69: 345–52.
Prenner SB, VanWagner LB, Flamm SL, Salem R, Lewandowski RJ,
Kulik L. Hepatocellular carcinoma decreases the chance of
successful hepatitis C virus therapy with direct-acting antivirals.
J Hepatol 2017; 66: 1173–81.

www.thelancet.com Published online February 11, 2019 http://dx.doi.org/10.1016/S0140-6736(18)32111-1

