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Abstract  

Background and aims We report the first real-life results of the sofosbuvir+daclatasvir 

combination in HCV genotype 1 infected patients. 

Methods  The ANRS CO22 HEPATHER « Therapeutic options for hepatitis B and C: a 

French cohort » is a multicentre observational cohort which aims to include 15 000 HCV- and 

10 000 HBV-infected patients. We selected all participants (n=768) with a HCV genotype 1 

who initiated sofosbuvir (400 mg/d) and daclatasvir (60 mg/d) before October 1st, 2014, with 

or without ribavirin (1-1.2 g/d) for a duration of 12 weeks  24 weeks. The main endpoint 

criteria was sustained virological response (SVR12) defined by the undetectability of HCV 

RNA 12 weeks after the last treatment intake. Missing SVR12 measurements were imputed 

using SVR24 measurements (n=45), otherwise considered as virological failure (n=18). 

Results A SVR12 was obtained in 729/768 (95%)  patients, ranging from 92% (12-week 

sofosbuvir+daclatasvir) to 99% (24-week sofosbuvir+daclatasvir+ribavirin). The SVR12 rates 

did not significantly differ between the 24-week (550/574 (96%)) and the 12-week (179/194 

(92%); P=0.0688)) durations or between regimens with (165/169 (98%)) or without ribavirin 

(564/599 (94%); P=0.0850). The SVR12 rate was greater than 97% in non-cirrhotic patients 

irrespective of the treatment duration or the addition of ribavirin. Among cirrhotic patients, 

the SVR12 rate was higher with 24 than 12-week regimen (423/444 (95%) versus 105/119 

(88%); P=0.0089).  

Conclusion The sofosbuvir+daclatasvir combination is associated with a high rate of SVR12 

in patients infected by genotype 1, with an optimal duration of 12 weeks in non-cirrhotic and 

24 weeks in cirrhotic patients. The number of patients receiving ribavirin was too low to 

adequately assess its impact. 

265 words 
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Lay summary 

The sofosbuvir+daclatasvir combination is associated with a high rate (95 %) of viral 

eradication in patients infected by genotype 1, 

The best duration of a ribavirin-free sofosbuvir+daclatasvir combination seems to be 12 

weeks in non-cirrhotic patients and 24 weeks for those with cirrhosis. 
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Introduction 

The very rapidly evolving field of Hepatitis C virus (HCV) therapy evidences the need for an 

extensive screening of HCV–infected patients and their access to antiviral treatment of 

patients because the high rate of sustained virological response (SVR). Antiviral therapy may 

be considered in any patient with chronic HCV infection as recently recommended by the 

European Association for the Study of the Liver (EASL).  

Since 2011, the treatment of chronic hepatitis C has dramatically improved with the 

development of direct acting antiviral agents.  

A better understanding of the viral cycle, and the characterization of viral enzymes which are 

potential targets, resulted in the development of new molecules, direct acting antivirals 

(DAA) against HCV, either specific of genotype 1 (NS3/NS4A protease inhibitors) or with a 

wider spectrum (NS5A and NS5B polymerase inhibitors or entry inhibitors), and non-specific 

antivirals [1-5]. The available drugs are in 2016 second wave of NS5B polymerase inhibitors 

(sofosbuvir, dasabuvir), protease inhibitor (simeprevir, paritaprevir, grazoprevir) and NS5A 

replication complex inhibitors (daclatasvir, then ledipasvir, ombitasvir and elbasvir) [6-7]. 

They have been approved, evaluated [8-24] and their combination is now recommended for 

treating HCV chronic infection [17-18]. Given the timelines of approvals and beyond the 

results of the clinical trials, real-life results of the sofosbuvir+ribavirin [25] or 

sofosbuvir+simeprevir combination have been extensively reported [26-28] but there are few 

data regarding the sofosbuvir+daclatasvir combination in genotype1-infected patients.   

We report the first real-life results of the French ANRS CO22 Hepather cohort for the 

sofosbuvir+daclatasvir combination in genotype 1-infected patients. 
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Patients and methods  

 

Study design and participants 

ANRS CO22 HEPATHER cohort « Therapeutic options for hepatitis B and C: a French 

cohort » is a national multicentre prospective observational cohort study of patients with viral 

hepatitis B or C (this study is registered with ClinicalTrials.gov, number NCT01953458). The 

cohort was set-up in August 2012 with the main objectives to quantify the clinical efficacy 

and safety of new hepatitis treatments in real-life, and to identify, at the patient level, which 

will most likely improve overall health. The anticipated sample size was 15,000 patients with 

present or past chronic hepatitis C and 10,000 patients with active or inactive chronic hepatitis 

B, to be followed for a median duration of 7 years – this sample size would achieve a power 

of 80% to identify factors associated with relative risks of 3 even for rare exposures (<10%) 

and a low rate of event (1/1000/year). Written informed consent was obtained from each 

patient before enrolment. The protocol was conducted 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). 

HCV-positive patients were defined as patients with positive HCV-RNA or positive anti-

HCV antibodies. We aimed to include at least 90% patients with chronic Hepatitis C at entry 

(positive HCV-RNA and anti-HCV antibodies). Main exclusion criteria for HCV-positive 

patients were HIV-coinfection and being on HCV-treatment at inclusion. Enrolment of 

patients started on August 6, 2012 in two centres and was progressively extended to 32 

centres by September 2014. Participants were recruited consecutively during a medical visit at 

the centre. Each centre had a target number of patients to be enrolled per day adapted to its 

capacity. During the inclusion visit, detailed demographics, clinical (including fibrosis staging 

and history of past treatments) and biological data were collected using a dedicated electronic 
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case-report form. Blood and urines samples were collected and stored in a centralized biobank 

(Cell&Co Biorepository, Pont du Chateau, France). Follow-up combined systematic follow-

up visits (1/year) and spontaneous reports on dedicated forms for particular events (e.g. 

deaths, hepatocellular carcinoma, start of therapy). In April 2014, specific instructions were 

given to the centres to prioritize the inclusion of patients with chronic hepatitis C who will 

start a treatment against HCV. The follow-up was modified accordingly to include local 

HCV-RNA evaluations at initiation of treatment (Day 0-D0), week 1 (W1), W2, W4, W12, 

W24, End of Therapy (EOT) and 4, 12 and 24 weeks after the last treatment intake. HCV-

RNA measurements were performed locally and varied across centres according to the assay 

(Roche or Abbott mainly in France) and the threshold of detection (12 or 15 IU/mL). All 

adverse events were reported irrespective of their potential relationship with antiviral drugs. 

Additionally, any dose modification or treatment discontinuation was reported. The study was 

observational and the choice of the treatment combination was left to physician discretion.  

By Sept 8, 2015, 13,832 HCV-positive patients had been included in the cohort of which 4836 

patients were given a treatment including at least one direct acting antiviral and of these 4459 

received an interferon-free regimen. We selected all patients with HCV Genotype 1 infection 

who initiated a combination of sofosbuvir (400 mg/d) and daclatasvir (60 mg/d) with or 

without ribavirin (1-1.2 g/d) before Oct 1, 2014 to ensure sufficient follow-up information 

(n=768). We excluded patients who were: liver transplant recipients, included in a clinical 

trial, or received other DAAs therapy (except first generation protease inhibitors) before 

initiation of the sofosbuvir+daclatasvir combination. Diagnosis of cirrhosis was based either 

on the results of a liver biopsy, a liver stiffness value  12.5 kPa by Fibroscan® and/or a 

Fibrotest® result  0.73. Four groups of patients were defined according to the anticipated 

duration of treatment and whether the regimen contained ribavirin. Treatment duration and 

addition of ribavirin was according to the discretion of the treating physician. 
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Outcomes 

The main endpoint criterion was SVR at 12 weeks (SVR12) defined by the undetectability of 

HCV RNA 12 weeks after the last treatment intake. Secondary endpoints were undetectability 

of HCV RNA 4 weeks after last treatment intake (SVR4), premature treatment 

discontinuation and adverse events. 

 

Statistical analyses 

The present study achieved a precision of 2% around an anticipated 90% SVR12 and had a 

power > 80% for detecting Odds-Ratio (OR) < 0.4 for factors associated with SVR12 

assuming exposure to these factors ranged between 30 to 70%. Missing SVR12 measurements 

were imputed using SVR24 measurement if available (n=45), otherwise were imputed as a 

virological failure in 18 patients (5 patients who died before the SVR12 visit; 3 patients who 

were responders at 12 weeks on treatment but were lost to follow-up thereafter; 10 patients 

with SVR4 measurements among whom 3 were responders 4 weeks after last treatment 

intake, 7 were not responders). Proportions were compared using the Fisher exact test or and 

continuous outcomes were compared using the Mann-Whitney test. Cochran-Mantel Haenszel 

(CMH) Chi-Square was used for comparisons with stratification on treatment duration or on 

ribavirin-containing regimen. To identify independent baseline variables associated with 

SVR12 or associated with serious adverse events (including deaths), we used exact logistic 

regression models. All continuous factors were categorized using predefined thresholds. For 

each factor, a univariate exact logistic model was estimated. The primary multivariate 

analysis included ribavirin (No vs Yes), treatment duration (12 vs. 24 weeks) and all factors 

with a P-value <0.10 in univariate analysis. A backward selection was applied retaining 

variables with a P-value <0.05. This analytic framework was repeated in the subset of 
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cirrhotic patients. In addition, to control for potential indication bias in the analysis of SVR12 

predictors, we performed sensitivity analyses, taking into account the propensity of being 

treated with ribavirin or for 24 weeks (vs 12 weeks). The propensity scores were computed 

using covariates values at start of treatment using logistic regression models. The predicted 

probabilities of being treated with ribavirin or for 24 weeks were discretized in quintiles and 

used as a stratification factor in a multivariate conditional exact logistic regression model. All 

analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, North Carolina). 

 

Role of the funding source 

INSERM-ANRS had a role in study design, data collection, data analysis, data interpretation, 

and approval of the final report. The funders of the study other than INSERM-ANRS had no 

role in study design, data collection, data analysis, data interpretation, or writing of the report. 

FC had full access to all the data in the study and SP and FC had final responsibility for the 

decision to submit for publication. 
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Results 

By Oct 1, 2014, 768 cohort participants with a HCV genotype 1 infection had started a 

sofosbuvir+daclatasvir combination of which 599 (78%) did not receive and 169 (22%) did 

receive ribavirin according to the physician (figure 1). One hundred and ninety-four (25%) 

patients were treated for 12 weeks, and 574 (75%) were treated for 24 weeks, with no 

difference according to whether the regimen contained ribavirin (P=0.0886). The patient 

characteristics are described in table 1. Patients who received a 12-week combination of 

sofosbuvir+daclatasvir had a lower rate of cirrhosis and were more frequently treatment naïve 

than patients who received a 24-week or a ribavirin-containing regimen.  

A SVR12 was obtained in 729 (95%) patients. Among the 39 patients who did not obtain a 

SVR12: 32 (82%) were treated for more than 8 weeks. Of these, 4 never had undetectable 

HCV-RNA during therapy, 6 had undetectable HCV-RNA but experienced a breakthrough 

during therapy and 22 had undetectable HCV-RNA at the end of therapy and experienced a 

relapse during the follow-up. The remaining 7 (22%) patients with SVR12 failure and less 

than 8 weeks of therapy did not achieve any undetectable HCV-RNA during therapy. The 

SVR12 rates ranged between 92% in patients who received a 12-week sofosbuvir+daclatasvir 

combination regimen to 99% in patients who received a 24-week 

sofosbuvir+daclatasvir+ribavirin combination regimen (table 2). No significant difference in 

SVR12 rates was noticed either between the 24-week duration compared with the 12-week 

duration (550/574 (96%) versus 179/194 (92%), (CMH Chi Square stratified on ribavirin 

containing regimen: P=0.0688) or between the sofosbuvir+daclatasvir and 

sofosbuvir+daclatasvir+ribavirin regimens (564/599 (94%) versus 165/169 (98%))(CMH Chi 

Square stratified on treatment duration: P=0.0850). The SVR12 rate was greater than 97% in 

non-cirrhotic patients irrespective of the treatment group. Among cirrhotic patients, the 

SVR12 rate was higher in those who received a 24-week regimen than in those who received 
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a 12-week regimen (423/444 (95%) versus 105/119 (88%)(CMH Chi Square stratified on 

ribavirin containing regimen: P=0.0054). There was no difference in SVR12 between HCV 

genotype 1a and 1b subtypes (CMH stratified on treatment duration and ribavirin-containing 

regimen: P=0.5497) . 

Univariate analysis identified treatment history, cirrhosis and albumin as variables to consider 

for further multivariate analysis of factors associated with SVR12 (table 3). Absence of 

cirrhosis (vs cirrhosis), being treatment-experienced (vs treatment-naïve) and albumin  30 

g/L (vs albumin <30 g/L) remained independent predictors of SVR12.  

When the analysis was repeated in the subset of cirrhotic patients, we found an association of 

SVR12 with treatment duration (univariate odds-ratio (OR) for 24 weeks versus 12 weeks 

2.68 (95%CI 1.22 – 5.74; P=0.0138)) and with past treatment history (OR for treatment-naïve 

versus treatment-experienced patients 0.24 (95%CI 0.11 – 0.54; P=0.0005)), while no 

association with ribavirin (OR for ribavirin containing versus not containing regimen, 2.35 

(95%CI 0.81 – 9.35; P=0.1433)). The association with treatment duration did not remain 

significant once adjusted on other variables (multivariate adjusted OR for 24 weeks versus 12 

weeks treatment duration 1.86 (95%CI 0.79 – 4.24; P=0.1671)).  

When the analysis was stratified on the propensity to receive ribavirin or on the propensity to 

receive a 24-week regimen, SVR12 was no longer associated with past treatment history, 

while associations with cirrhosis and albumin remained globally unchanged (see 

supplementary material).  

Premature treatment discontinuation occurred in 54 (7%) patients, and was more frequent in 

patients receiving a ribavirin containing regimen (CMH Chi Square stratified on treatment 

duration: P<0.0001) (table 4). Among patients who discontinued treatment, 43 (80%) 

achieved a SVR12 and 40 (93%) had been treated for more than 8 weeks; 11 (20%) did not 

achieve a SVR12 and 4 (36%) had been treated for more than 8 weeks, respectively. Five 
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patients died during the follow-up: one patient died 6 weeks after treatment initiation from 

cerebral hemorrhage and death was considered as possibly related to the treatment 

(sofosbuvir+daclatasvir) ; two patients died from end stage liver disease (hepatic cirrhosis at 

week 11, hepatic encephalopathy at week 24) and two patients died from septic shock at 25 

and 29 weeks: these 4 deaths were not considered treatment-related. Other serious adverse 

events occurred in 78 (10%) patients irrespective of treatment duration or ribavirin containing 

regimen. Six of these serious adverse events were considered as being possibly related to the 

treatment: 3 were cardiac disorders (one atrial flutter at day 4 related to 

sofosbuvir+daclatasvir; one bradycardia at day 1 related to sofosbuvir and one cardiac failure 

at day 20 after treatment initiation related to ribavirin). The most common adverse events (in 

10% of patients) were asthenia, headache, and insomnia. Univariate analysis identified 

treatment duration, decompensated cirrhosis, prothrombin time < 70% and serum albumin 

<30g/L as potential predictors of serious adverse events. The only two factors independently 

associated with serious adverse events were decompensated cirrhosis (OR versus no 

decompensated cirrhosis, 3.48 95%CI 1.56-7.51; P=0.0021) and prothrombin time < 70% 

(OR versus prothrombin time < 70%, 2.20 95%CI 1.17-4.02; P=0.0135). Of note, age, gender, 

time since HCV diagnosis, cirrhosis were not associated with serious adverse events. 
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Discussion 

This is the first report of the real life results of the sofosbuvir+daclatasvir combination in 

genotype 1-infected patients. We showed that the sofosbuvir+daclatasvir combination was 

associated with a high SVR12 rate and we explored the impact of treatment duration and 

ribavirin combination in patients infected with HCV genotype 1. Cirrhosis was strongly 

associated with treatment failure. Almost all non-cirrhotic patients achieved a SVR 

irrespective of the treatment schedule and a 12-week course of the sofosbuvir+daclatasvir 

combination without ribavirin appears to be the primary therapeutic choice. On the contrary, 

cirrhotic patients need optimised therapy, and a higher rate of SVR was obtained with a 24-

week course of the sofosbuvir+daclatasvir combination. Notably, when focusing on predictors 

of SVR12 in cirrhotic patients, a 24-week regimen did not appear to be significantly better 

than a 12-week regimen after multivariate adjustment on previous treatment history and 

ribavirin-containing regimen; this may be due to the low number of SVR12 failure and lack of 

power. Similarly, there was no significant increase in SVR12 in cirrhotic patients receiving a 

12-week combination of sofosbuvir+daclatasvir+ribavirin, but few patients were included in 

this subgroup and our analysis was clearly underpowered to draw relevant conclusions on this 

subgroup. Our findings were consistent with the double-blind controlled Sirius trial conducted 

in French cirrhotic patients who failed to respond to prior Peginterferon+ribavirin (PR) and 

PR + first generation protease inhibitor therapy [29]: in this trial, the rate of adverse events 

was similar in the placebo arm (82%) and in the ledipasvir (another NS5A 

inhibitor)+sofosbuvir arm without (85%) or with (87%) ribavirin during the first 12 weeks of 

analysis [29]; patient-reported outcomes improved in both treated arms with or without 

ribavirin as compared to the placebo arm during and after the treatment, even if ribavirin 

negatively impacted patient-reported outcomes [30]. 
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Strikingly, we identified a lower SVR12 rate in treatment-naïve patients versus treatment-

experienced patients. Detailed examination showed that 184 of 186 (99%) treatment-

experienced patients who were former responders (with a relapse or a breakthrough) at 

previous HCV therapy achieved a SVR12 with sofosbuvir+daclatasvir (P<0.0001 compared 

to 88% SVR12 in 111/126 treatment naïve patients) which might partly explain this finding. 

However patients who were not responders to the last HCV therapy also achieved a higher 

SVR12 rate compared to treatment naïve patients (412/432 (95%) versus 111/126 (88%), P= 

0.0057). This difference may be due to different selection profiles and history of care or 

compliance between treatment-experienced and treatment-naïve patients.  

The virological analysis of failures is in progress but is not yet available even if some of these 

failures have been recently reported [31]. Most virological failures were relapses rather than 

virological breakthroughs, and we can expect as previously observed that treatment failures 

will be mainly associated with resistance-associated variants. 

Our study has several limitations. First, due to the observational nature no definite conclusion 

can be drawn on the superiority of a regimen compared to another and despite our efforts to 

control for confounding and numerous sensitivity analyses, residual confounding may be 

present. Second, the number of patients in the 12-week regimen with ribavirin was low as was 

the total number of observed virological failures, which limits the power of our study and may 

have altered the robustness of some findings.  

In conclusion, in real life, the sofosbuvir+daclatasvir combination in difficult-to-treat patients 

with HCV Genotype 1 infection was associated with a high rate of SVR12. Cirrhosis was 

strongly linked to treatment failure. A ribavirin-free sofosbuvir+daclatasvir regimen given for 

12 weeks in patients without cirrhosis, and for 24 weeks in those with cirrhosis was associated 

with highest SVR rates. The number of patients with cirrhosis receiving ribavirin was too 
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small to judge whether a 12 week ribavirin-containing sofosbuvir+daclatasvir regimen might 

be competitive as compared to the 24 week ribavirin-free regimen for this population. 
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Figure legends : 

Figure 1: flow diagram 
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Figure 1  
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Table 1  Baseline characteristics of patients according to treatment regimen   

 

  

61 ± 11 60 ± 10 60 ± 11 57 ± 9 0 0568 
100 (63) 273 (62) 26 (76) 91 (67) 0 2843 

<18 5 
 [18 5-25[ 
 [25-30[ 
 30 

 
5 (3) 

86 (54) 
47 (29) 
22 (14) 

 
7 (2) 

202 (46) 
158 (36) 
70 (16) 

 
1 (3) 

11 (32) 
16 (47) 
6 (18) 

 
3 (2) 

74 (55) 
40 (30) 
18 (13) 

0 2636 

    0 7043 
 

73 (46) 
83 (52) 
4 (3) 

 
210 (48) 
209 (48) 
20 (5) 

 
14 (41) 
18 (53) 
2 (6) 

 
84 (62) 
45 (33) 
6 (4) 

0 0224 

20 (13) 98 (22) 4 (12) 22 (16) 0 0243 
53 (33) 151 (34) 12 (35) 40 (30) 0 7489 

8 2 ± 3 2 8 5 ± 4 0 7 4 ± 2 4 9 2 ± 4 3 0 0484
136 (91) 356 (86) 27 (96) 100 (85) 0 1936 
94 (59) 
11 (20) 
8.9±3.6 

342 (78) 
38 (17) 
8.7±4.1 

25 (74) 
2 (29) 

7.6±2.6 

102 (76) 
11 (18) 
9.5±4.5 

<0 0001 
0.7227 
0.0692 

2 (2) 
46 (49) 
55 (59) 
5 (5) 

19 (6) 
214 (63) 
237 (69) 
23 (7) 

4 (16) 
14 (56) 
14 (56) 
1 (4) 

8 (8) 
61 (60) 
58 (57) 
13 (13) 

0.0497 
0.1196 
0.0370 
0.1752 

9 (6) 
5 (71) 

12.8±4.3 

30 (7) 
13 (57) 

11.5±3.2 

0 (0) 
0 (0) 

- 

9 (7) 
7 (78) 

13.4±5.1 

0 4987 
0.0573 
0.5528 

11 (7) 39 (10) 0 (0) 8 (7) 0 2223 
24 (16) 59 (14) 3 (10) 26 (21) 0 2256 
7 (4) 57 (13) 1 (3) 21 (16) 0 0015 
14 (9) 58 (14) 0 (0) 18 (14) 0 0397 

27 (17) 81 (19) 4 (12) 18 (14) 

 
0.5404 

64 (40) 48 (11) 3 (9) 11 (8) <0 0001 



  

 29

68 (43) 
 

28 (18) 
 

172 (39) 
 

219 (50) 
 

9 (26) 
 

22 (65) 
 

64 (47) 
 

60 (44) 
 

g

 
65 (41) 
29 (18) 
2 (1) 

 
256 (58) 
119 (27) 
16 (4) 

17 (50) 
11 (32) 
3 (9) 

94 (70) 
27 (19) 
3 (3) 

0 1408 

Numbers are N (%) otherwise specified. a missing in 61. b missing in 69. c missing in 61. d 

missing in 20. e missing in 16. f missing in 19. g responders = patients with negative HCV 

RNA on last treatment – includes 1 patient with sustained virological response who was re-

infected. 

  



  

 30

Table2: Virological responses according to treatment regimen 

    

b

a Missing SVR12 were imputed using SVR24 in 45 patients. otherwise were imputed as a 

virological failure in 18 patients. 
b responders = patients with negative HCV RNA on last treatment – includes 1 patient with 

sustained virological response who was re-infected. 
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