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ABSTRACT
Objective We assessed the effectiveness and safety of
daclatasvir (DCV) plus sofosbuvir (SOF), with or without
ribavirin (RBV), in a large real-world cohort, including
patients with advanced liver disease.
Design Adults with chronic HCV infection at high risk of
decompensation or death within 12 months and with no
available treatment options were treated in a European
compassionate use programme. The recommended
regimen was DCV 60 mg plus SOF 400 mg for
24 weeks; RBV addition or shorter duration was allowed
at physicians’ discretion. The primary endpoint was
sustained virological response at post-treatment
week 12 (SVR12).
Results Of the 485 evaluable patients, 359 received
DCV+SOF and 126 DCV+SOF+RBV. Most patients were
men (66%), white (93%) and treatment-experienced
(70%). The most frequent HCV genotypes were 1b
(36%), 1a (33%) and 3 (21%), and 80% of patients
had cirrhosis (42% Child–Pugh B/C; 46% Model for
End-Stage Liver Disease score >10). SVR12 (modified
intention-to-treat) was achieved by 91% of patients
(419/460); 1 patient had virological breakthrough and
13 patients relapsed. Virological failure was not
associated with treatment group (adjusted risk difference
DCV+SOF minus DCV+SOF+RBV: 1.06%; 95% CI
−2.22% to 4.35%). High SVR12 was observed
regardless of HCV genotype or cirrhosis, liver transplant
or HIV/HCV coinfection status. Twenty eight patients
discontinued treatment due to adverse events (n=18) or
death (n=10) and 18 died during follow-up. Deaths and
most safety events were associated with advanced liver
disease and not considered treatment related.
Conclusions DCV+SOF with or without RBV achieved
high SVR12 and was well tolerated in a diverse cohort
of patients with severe liver disease.
Trial registration number NCT0209966.

INTRODUCTION
Oral combinations of direct-acting antivirals
(DAAs) have become the standard of care for treat-
ing chronic HCV infection.1–4 In clinical trials,

Significance of this study

What is already known on this subject?
▸ All-oral regimens have become the standard of

care for treatment of chronic HCV infection.
▸ In phase III studies, multiple HCV patient

subgroups treated with daclatasvir (DCV) plus
sofosbuvir (SOF), with or without ribavirin
(RBV), achieved sustained virological response
at post-treatment week 12 (SVR12) rates
exceeding 90% after 12 weeks of treatment.

▸ DCV+SOF has been well tolerated in clinical
studies, with few treatment-related serious
adverse events or treatment discontinuations.

What are the new findings?
▸ This compassionate use programme provides

clinically relevant information on the
effectiveness and safety of DCV+SOF, with or
without RBV, in a large, real-world cohort that
included patients who would have been
excluded from many phase III studies due to
advanced disease or concomitant medical
conditions.

▸ SVR12 rates comparable with those reported in
phase III studies were achieved, with similar
virological efficacy regardless of liver disease
stage or the presence of complicating medical
conditions.

▸ Treatment was well tolerated; most significant
safety events were attributable to progression
of advanced liver disease and not considered
related to programme therapy.

How might it impact on clinical practice
in the foreseeable future?
▸ These findings support the use of DCV+SOF,

with or without RBV, in a diverse spectrum of
patients with chronic HCV infection, including
those with severe liver disease or other medical
complications.
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rates of sustained virological response at post-treatment week 12
(SVR12) exceeding 90% have been reported for several drug
combinations, with safety profiles superior to those of
peginterferon-based regimens. However, advanced liver disease
and concomitant medical conditions can adversely affect thera-
peutic responses and complicate interpretation of results.
Consequently, patients with such conditions are usually under-
represented in clinical trials, and disease states encountered in
clinical practice can differ in important ways from those permit-
ted in randomised trials. Community-based programmes offer
an important complement to registration studies by providing
additional information concerning the therapeutic risk/benefit
profile of a new regimen in a broader population.

Daclatasvir (DCV) is a potent, pan-genotypic inhibitor of the
HCV NS5A protein; sofosbuvir (SOF) is a pan-genotypic
nucleotide analogue inhibitor of the HCV NS5B RNA polymer-
ase.5 6 In phase III studies, the 12-week, once-daily oral combin-
ation of DCV and SOF, with or without ribavirin (DCV+SOF
±RBV), was well tolerated and achieved SVR12 rates exceeding
90% in patients who have been challenging to treat effectively,
including those with advanced cirrhosis, HIV/HCV coinfection,
HCV genotype 3 infection and HCV recurrence after liver
transplant.7–9 These findings led to widespread approval of
DCVand SOF for the treatment of chronic HCV infection.

Before the European approval of DCV, a compassionate use
programme (CUP) was established to provide early access to
DCV, in combination with SOF, with or without RBV, for
patients with chronic HCV infection in urgent need of treat-
ment and without therapeutic alternatives. This programme,
conducted in a real-world setting, provides additional informa-
tion concerning the efficacy and safety of DCV+SOF in a large,
diverse population with minimal entry restrictions regarding
liver disease stage or comorbidities.

METHODS
Patients and treatment
The DCV European CUP enrolled patients from 100 centres in
Germany, Austria, the Netherlands, Sweden and Norway from
April 2014 to April 2015. Eligible patients were ≥18 years of
age with chronic HCV infection (any genotype), at high risk of
hepatic decompensation or death within 12 months if left
untreated and with no available treatment options. Patients with
HIV/HCV or HBV/HCV coinfection, hepatocellular carcinoma
(HCC) and decompensated cirrhosis were permitted with no
restrictions based on Child–Pugh or Model for End-Stage Liver
Disease (MELD) score. Patients with HCV recurrence after liver
transplantation and patients with extrahepatic manifestations or
other comorbidities in urgent need of viral clearance were per-
mitted regardless of liver disease status. Key exclusions included
creatinine clearance (CrCl) ≤30 mL/min, pregnancy and
non-use of required contraception.

Liver disease stage was evaluated initially at each site. To
maximise consistency across centres, cirrhosis was reassessed
using a predefined algorithm with data from liver biopsy
(Metavir >F3, Ishak >4 or the equivalent at any time prior to
enrolment), FibroScan (>14.6 kPa at any time prior to enrol-
ment) or Fibrosis-4 (FIB-4) score (>3.25 at baseline).

The recommended regimen was DCV 60 mg plus SOF
400 mg once daily for 24 weeks; at their discretion, physicians
could add RBV to the regimen or reduce treatment duration.
The DCV daily dose was reduced to 30 mg when coadminis-
tered with strong inhibitors of cytochrome P450 3A4 (CYP3A4)
or P-glycoprotein, such as ritonavir-boosted HIV protease

inhibitors (PI/r), and was increased to 90 mg when coadminis-
tered with moderate inducers of CYP3A4 or P-glycoprotein,
such as efavirenz (EFV) or nevirapine (NVP). DCV could not be
coadministered with strong inducers of CYP3A4 or
P-glycoprotein.

Written informed consent was obtained from patients before
enrolment. This programme was conducted in accordance with
the Declaration of Helsinki.

Efficacy and safety assessments
All assessments were conducted at individual centres based on
standard local practice and recommendations in the programme
protocol. Blood samples for assessments of biochemical and haem-
atological parameters and safety assessments were recommended
at baseline; on-treatment weeks 4, 12 and 24 and post-treatment
weeks 12 and (optional) 24. Efficacy assessments were based on
serum HCV RNA determinations conducted by each centre using
assay methods selected according to local preferences.

Endpoints
The primary efficacy assessment was SVR12, defined as HCV
RNA below the assay’s lower limit of quantitation (LLOQ),
target detected (TD) or target not detected (TND), at post-
treatment week 12. Virological failure categories included
relapse (HCV RNA >LLOQ during any post-treatment visit in
patients with HCV RNA <LLOQ, TD or TND at the end of
treatment), virological breakthrough (HCV RNA ≥LLOQ on
treatment following HCV RNA <LLOQ, TD or TND or a
≥1 log10 increase in HCV RNA from nadir) and other
on-treatment virological failures (HCV RNA never <LLOQ or
HCV RNA ≥LLOQ at the end of treatment but not meeting the
breakthrough definition). Safety endpoints included graded
adverse events (AEs), serious AEs, discontinuations due to AEs,
deaths and clinical laboratory abnormalities.10

Statistical analyses
Enrolment was based on the clinical need for treatment rather
than statistical considerations. The primary population for effi-
cacy analyses (modified intention-to-treat (mITT)) included
patients who received ≥1 dose of the programme regimen;
those without virological failure who were lost to follow-up,
withdrew informed consent or withdrew for undocumented
reasons were excluded. Patients with missing data who died or
discontinued treatment due to AEs were imputed as experien-
cing treatment failure.

Additional efficacy analyses were based on the ITT population
(patients who received ≥1 dose of programme regimen) and on
patients with available HCV RNA data at post-treatment week 12,
excluding those with non-virological failure (as-observed popula-
tion). The safety analysis population included all patients who
received ≥1 dose of programme therapy.

Proportions of patients with SVR12 and two-sided 95% CIs
were calculated by treatment group. Patients with missing HCV
RNA data following virological failure were counted as treat-
ment failures; missing data at post-treatment week 12 were
imputed with HCV RNA data at a subsequent visit if available.
Logistic regression analysis was performed to identify baseline
factors associated with virological and treatment failure.
Treatment and virological failure rates for patients receiving
DCV+SOF versus DCV+SOF+RBV were compared using pro-
pensity scores with inverse probability weighting (IPW) to adjust
for differences in demographic and disease characteristics
between the two treatment groups.11
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RESULTS
Patients
Data were available for 485 enrolled patients who received
therapy with DCV+SOF (n=359) or DCV+SOF+RBV
(n=126) (figure 1). The median age was 57 years; most patients
were men (66%), white (93%) and HCV treatment-experienced
(70%). Patients were infected primarily with HCV genotypes 1b
(36%), 1a (33%) or 3 (21%), and 27% had HCV RNA
≥2×106 IU/mL at baseline (table 1).

Patient medical histories were typically complex, with fre-
quent concurrent medical conditions and prior hepatic decom-
pensation events. Cirrhosis was diagnosed in 389 patients
(80%); among them, 165 (42%) had a Child–Pugh score ≥7
and 31 (8%) had a MELD score >15. Low platelet counts
(<100×109/L) and low albumin levels (<35 g/L) were present
in 55% and 33% of patients, respectively. Twenty-six patients
(5%) had HCC, 55 (11%) had HIV/HCV coinfection and 66
(14%) had moderate or severe renal impairment (CrCl
<60 mL/min/1.73 m2), mostly secondary to associated

comorbidities such as diabetes, hypertension or HCV-associated
cryoglobulinemia. Four patients were kidney transplant recipi-
ents. Seventy-eight (18%) patients were liver transplant recipi-
ents; of them, 43% were cirrhotic (32% Child–Pugh B, 11%
Child–Pugh C), 51% had MELD score >10 and 5 had fibrosing
cholestatic hepatitis.

Despite the absence of randomised treatment assignment,
baseline characteristics were comparable across treatment groups
with few exceptions. Patients treated with DCV+SOF+RBV,
compared with DCV+SOF, were more frequently infected with
HCV genotype 3 (32% vs 17%) and had signs suggesting more
advanced liver disease, including slightly higher proportions of
patients with Child–Pugh class B (47% vs 33%) and MELD
score ≥10 (64% vs 55%).

Of the 485 patients who initiated therapy, 418 (86%) com-
pleted ≥20 weeks of treatment, 43 (9%) completed 10 to
<20 weeks and 24 (5%) completed ≤10 weeks. Ten patients
stopped treatment after 12–16 weeks per physician choice,
18 discontinued treatment before week 24 due to AEs and

Figure 1 Patient disposition by treatment group. Patient disposition by treatment group and reasons for non-completion of 24 weeks of therapy
and discontinuation of follow-up are shown. Data for patients who did not reach post-treatment week 12 due to virological failure (n=2 in each
group) or who died after achieving sustained virological response at post-treatment week 12 (SVR12) (n=4) are not shown. Patients who
discontinued treatment prematurely could continue to be followed. Discontinuations before follow-up week 12 include patients who stopped
treatment prematurely and did not continue follow-up (on-treatment death, lost to follow-up and withdrew consent) and those who discontinued
after completing treatment. In the daclatasvir (DCV)+sofosbuvir (SOF) group, three patients excluded from the modified intention-to-treat (mITT)
population had HCV RNA<lower limit of quantitation at follow-up visits performed before post-treatment week 12. In the DCV+SOF+ribavirin (RBV)
group, the mITT population includes two patients who were lost to follow-up; both prematurely discontinued treatment due to adverse events and
were imputed as failures. D/C, discontinuation; EOT, end of treatment.
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10 died during treatment. In 21 patients, DCV was added to an
ongoing SOF+RBV regimen; 11 additional patients had HCV
RNA ≤LLOQ at DCV initiation but prior SOF+RBV therapy
was not documented. Most of these patients stopped therapy
after receiving SOF for a combined 24 weeks; 5 received DCV
+SOF±RBV for 14–20 weeks and 17 for <14 weeks. The daily
dose of DCV was reduced to 30 mg in 23 HIV/HCV coinfected
patients who received HIV PI/r and was increased to 90 mg in
7 coinfected patients who received concomitant EFVor NVP.

Twenty-five patients (18 DCV+SOF, 7 DCV+SOF+RBV)
were excluded from the mITT population, of whom 12 were
lost to follow-up, 4 withdrew consent and 9 withdrew for
undocumented reasons (see online supplementary table S1).
Twenty-one excluded patients received therapy for ≥12 weeks
and had HCV RNA <LLOQ, TD or TND at their last available
visits; the remaining four patients had only baseline HCV RNA
data available.

Efficacy outcomes
Overall, SVR12 was achieved by 91% of the 460 patients in the
primary analysis (mITT), including 92% of patients treated with
DCV+SOF and 89% of those treated with DCV+SOF+RBV.
Response rates were higher (97% and 96%, respectively) after non-
virological failures were excluded (as-observed analysis) (table 2).
Five patients who initiated therapy with DCV+SOF added RBV to
the regimen during treatment; all achieved SVR12. Conversely,
15 patients who initiated treatment with DCV+SOF+RBV

Table 1 Patient demographic and baseline characteristics

Parameter
DCV+SOF
N=359

DCV+SOF
+RBV
N=126

All patients
N=485

Age
Median years (range) 57.0 (27–87) 57.5 (31–79) 57.0 (27–87)
≥65 years, n (%) 74 (21) 21 (17) 95 (20)

Male, n (%) 235 (65) 87 (69) 322 (66)
Race, n (%)
White 338 (94) 114 (90) 452 (93)
Black 10 (3) 3 (2) 13 (3)
Asian 6 (2) 5 (4) 11 (2)

Other 5 (1) 3 (2) 8 (2)
Not reported 0 1 (1) 1 (<1)

Body mass index, median kg/m2

(range)*
25.7 (17–48) 26.1 (16–44) 25.9 (16–48)

HCV genotype, n (%)
1 284 (79) 71 (56) 355 (73)

1a 133 (37) 28 (22) 161 (33)
1b 137 (38) 39 (31) 176 (36)
1 other/unknown subtype 14 (4) 4 (3) 18 (4)

2 0 2 (2) 2 (<1)

3 62 (17) 40 (32) 102 (21)
4 12 (3) 7 (6) 19 (4)
5 0 1 (1) 1 (<1)
Mixed 1 (<1) 2 (2) 3 (1)
Unknown 0 3 (2) 3 (1)

HCV RNA
Median log10 IU/mL (range) 5.8 (0–7.6) 6.0 (0–7.2) 5.9 (0–7.6)
≥2×106 IU/mL, n (%) 91 (25) 38 (30) 129 (27)
Not reported, n (%) 7 (2) 4 (3) 11 (2)

Cirrhosis, n (%)†
Present 284 (79) 105 (83) 389 (80)
Absent 46 (13) 14 (11) 60 (12)
Indeterminate 16 (4) 5 (4) 21 (4)
Not reported 13 (4) 2 (2) 15 (3)

Child–Pugh class, n (%)‡
A 170 (60) 53 (50) 223 (57)
B 94 (33) 49 (47) 143 (37)
C 19 (7) 3 (3) 22 (6)
Not reported 1 (<1) 0 1 (<1)

MELD score, n (%)‡
<10 129 (45) 37 (35) 166 (43)
10–15 133 (47) 58 (55) 191 (49)
16–20 17 (6) 8 (8) 25 (6)
21–25 4 (1) 0 4 (1)
>25 1 (<1) 1 (1) 2 (<1)
Not reported 0 1 (1) 1 (<1)

Albumin
Median g/L (range) 37.0 (18–56) 35.0 (22–50) 36.7 (18–56)
≥35 g/L, n (%) 200 (56) 57 (45) 257 (53)
<35 g/L, n (%) 104 (29) 54 (43) 158 (33)
Not reported 55 (15) 15 (12) 70 (14)

Platelet count
Median ×109/L (range) 92.0 (16–455) 88.5 (28–455) 91.0 (16–455)

≥100, n (%) 148 (41) 56 (44) 204 (42)
≥50 to <100, n (%) 151 (42) 46 (37) 197 (41)
<50, n (%) 47 (13) 22 (17) 69 (14)
Not reported 13 (4) 2 (2) 15 (3)

Continued

Table 1 Continued

Parameter
DCV+SOF
N=359

DCV+SOF
+RBV
N=126

All patients
N=485

Creatinine clearance, mL/min/1.73 m2, n (%)
≥90 90 (25) 34 (27) 124 (26)
60–89 70 (19) 38 (30) 108 (22)
30–59 44 (12) 16 (13) 60 (12)
<30 5 (1) 1 (1) 6 (1)
Not reported 150 (42) 37 (29) 187 (39)

Hepatocellular carcinoma, n (%) 20 (6) 6 (5) 26 (5)
Liver transplant recipient, n (%) 62 (17) 25 (20) 87 (18)

Fibrosing cholestatic hepatitis,
n (%)

4 (1) 1 (1) 5 (1)

Coinfection, n (%)§
HIV/HCV 39 (11) 16 (13) 55 (11)
HBV/HCV 9 (3) 4 (3) 13 (3)

Prior HCV therapy, n (%)
Treatment-naïve 108 (30) 36 (29) 144 (30)
Treatment-experienced 251 (70) 90 (71) 341 (70)
Interferon/peginterferon
±RBV

164 (65) 61 (68) 225 (66)

Protease inhibitor regimens 55 (22) 16 (18) 71 (21)
SOF regimens 10 (4) 1 (1) 11 (3)
Other regimens 18 (7) 9 (10) 27 (8)
Not reported 4 (2) 3 (3) 7 (2)

*Body mass index not reported for 70 patients.
†Cirrhosis diagnosed by liver biopsy (Metavir >F3, Ishak >4 or the equivalent), n=51;
FibroScan (>14.6 kPa), n=209 or FIB-4 score (>3.25), n=129.
‡Percentages are based on patients with cirrhosis.
§HIV and HBV coinfection status not reported for 29 and 22 patients, respectively;
three patients had HIV/HBV/HCV coinfection.
DCV, daclatasvir; MELD, Model for End-Stage Liver Disease; RBV, ribavirin;
SOF, sofosbuvir.
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discontinued RBV prematurely; 14 (93%) achieved SVR12.
Additionally, RBV dose was reduced in 30 patients; 29 (97%)
achieved SVR12 (see online supplemental table S2).

SVR12 rates were generally comparable across baseline
characteristics, with no notable differences between subgroups
after excluding non-virological failures (figure 2). In the mITT
analysis, SVR12 was achieved by 96% of patients (149 of 155)
infected with genotype 1a, 89% (150 of 169) with genotype 1b,
88% (82 of 93) with genotype 3 and all 22 patients (100%)
with genotype 2, 4 or 5. Differences observed between subtypes
1a and 1b were driven primarily by non-virological factors (see
online supplementary table S2), and SVR12 increased to 99%
and 97%, respectively, after excluding patients who failed for
non-virological reasons (as-observed analysis).

Response rates were high regardless of cirrhosis status or liver
disease severity, as indicated by low platelet counts or albumin
levels. SVR12 was achieved by 90% (331 of 368) of patients with
cirrhosis (91% with DCV+SOF; 88% with DCV+SOF+RBV),
90% (225 of 250) of patients with platelet counts <100×109 cells/L
and 87% (129 of 149) of those with albumin <35 g/L.

The SVR12 rate was lower in patients with more advanced
disease (Child–Pugh C or MELD score ≥16). However, differ-
ences were driven mainly by more frequent liver disease-related
discontinuations and deaths in patients with decompensated cir-
rhosis and/or high MELD score (figure 2). In the mITT analysis,
SVR12 was achieved by 94% (200 of 213), 86% (115 of 134)
and 76% (16 of 21) of patients with Child–Pugh classes A, B
and C, respectively. Similarly, SVR12 was achieved by 92% (147
of 160), 93% (167 of 179) and 61% (17 of 28) of patients with

MELD scores <10, 10–15 and ≥16, respectively. After patients
with non-virological failure were excluded (as-observed ana-
lysis), SVR12 rates increased to 100% (16 of 16) and 89%
(17 of 19) of patients with Child–Pugh C and a MELD score
≥16, respectively. However, these results must be interpreted with
caution due to limited numbers of patients in these subgroups.

Comparable SVR12 rates were observed in HCV treatment-
naive (93%, 125 of 135) and treatment-experienced (91%, 294
of 325) patients. Ten patients had a shorter duration of treat-
ment, of whom nine achieved SVR12 and one died before
post-treatment week 12. However, treatment duration was not
randomised, and patients may have been selected for shorter
treatment because of disease characteristics that suggested a high
probability of response.

Efficacy in special populations
Genotype 3 infection
Advanced disease was more common in genotype 3-infected
patients than in the overall population: 85% had cirrhosis, including
52% with decompensated liver disease; 44% had albumin levels
<35 g/L and 63% had platelet counts <100×109/L. SVR12 was
achieved by 88% (82 of 93) of genotype 3-infected patients in
the mITT analysis, including 88% treated with DCV+SOF and
89% treated with DCV+SOF+RBV. The overall SVR12 rate was
92% after excluding four patients with non-virological failure.
Response rates were slightly lower in treatment-experienced
patients and those with decompensated cirrhosis (figure 3),
although differences were driven mainly by non-virological
failure (see online supplementary figure S1).

Table 2 Efficacy outcomes and reasons for non-response

Parameter
DCV+SOF
N=359

DCV+SOF+RBV
N=126

All patients
N=485

SVR12, n/N (%) (95% CI)
mITT (primary efficacy analysis)* 313/341 (92)

(88.4 to 94.5)
106/119 (89)
(82.0 to 94.1)

419/460 (91)
(88.1 to 93.5)

As-observed† 313/323 (97)
(94.4 to 98.5)

106/110 (96)
(91.0 to 99.0)

419/433 (97)
(94.6 to 98.2)

ITT‡ 313/359 (87)
(83.3 to 90.5)

106/126 (84)
(76.6 to 90.0)

419/485 (86)
(83.0 to 89.3)

On-treatment and post-treatment HCV RNA <LLOQ TD or TND (as-observed), n/N (%) (95% CI)§
Treatment week 4 244/353 (69)

(64.0 to 73.9)
99/119 (83)
(75.2 to 89.4)

343/472 (73)
(68.4 to 76.6)

Treatment week 12 339/350 (97)
(94.4 to 98.4)

111/116 (96)
(90.2 to 98.6)

450/466 (97)
(94.5 to 98.0)

Treatment week 24 314/315 (>99)
(98.2 to 100)

96/96 (100)
(96.2 to 100)

410/411 (>99)
(98.7 to 100)

Post-treatment week 24 (SVR24) 246/257 (96)
(92.5 to 97.8)

73/77 (95)
(87.2 to 98.6)

319/334 (96)
(92.7 to 97.5)

Non-SVR12 (mITT), n (%) 28/341 (8) 13/119 (11) 41/460 (9)
Virological failure 10 (3) 4 (3) 14 (3)

Virological breakthrough 1 (<1) 0 1 (<1)
Relapse 9 (3) 4 (3) 13 (3)

Non-virological failure¶ 18 (5) 9 (7) 27 (6)
Discontinuation due to AE 0 3 (2) 3 (1)
Death during treatment 8 (2) 2 (2) 10 (2)
Death during follow-up 10 (3) 4 (3) 14 (3)

*mITT population: all treated patients, except for those who were lost to follow-up, withdrew informed consent or withdrew for undocumented reasons.
†As-observed population: mITT population, except for those patients with non-virological failure.
‡ITT population: all patients who received ≥1 dose of the programme regimen.
§Based on patients with available data at each time point.
¶Patients with missing data at post-treatment week 12 caused by death or treatment discontinuation due to AEs were imputed as failures in the mITT and ITT analyses.
AE, adverse event; DCV, daclatasvir; ITT, intention-to-treat; LLOQ, lower limit of quantitation; mITT, modified intention-to-treat; RBV, ribavirin; SOF; sofosbuvir; SVR12, sustained
virological response at post-treatment week 12; SVR24, sustained virological response at post-treatment week 24; TD, target detected; TND, target not detected.
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HIV/HCV and HBV/HCV coinfection
SVR12 was achieved by 92% of the HIV/HCV coinfected
patients (48 of 52) included in the mITT population and by
98% of patients after excluding three patients with
non-virological failure. All 12 patients (100%) with HBV/HCV
coinfection achieved SVR12; one additional patient was lost to
follow-up and excluded.

Post-liver transplant recurrence
SVR12 was achieved by 94% of the patients (80 of 85) with
post-liver transplant HCV recurrence included in the mITT
population; the SVR12 rate was 100% after excluding five
patients with non-virological failure.

Renal impairment
Renal insufficiency had minimal impact on virological response;
SVR12 was achieved by 96% of patients (103 of 107) with
CrCl 60–89 mL/min, 89% (51 of 57) with CrCl 30–59 mL/min
and 100% (5 of 5) with CrCl <30 mL/min.

Treatment failure
Forty-one patients did not achieve SVR12 (table 2, see online
supplementary table S2). Fourteen patients (3%) experienced
virological failure, including 13 relapses and one genotype 3-
infected patient with virological breakthrough after serum HCV
RNA decreased to 30 IU/mL. One additional patient relapsed at
post-treatment week 24 after achieving SVR12. Virological
failure occurred with similar frequency among patients treated
with DCV+SOF with RBV (4 patients, 3%) or without RBV
(10 patients, 3%).

Twenty-seven patients (6%) failed to achieve SVR12 due to
death or treatment discontinuation without evidence of viro-
logical failure, including 10 on-treatment deaths, 14 deaths
during follow-up and 3 treatment discontinuations due to AEs
with subsequent loss to follow-up.

We examined baseline factors that might predict treatment and
virological failure. Univariate logistic regression analysis (see
online supplementary figure S2) indicated significantly higher
(p<0.05) risks of treatment failure among patients with more
advanced liver disease, as indicated by baseline MELD score ≥16,

Figure 2 Sustained virological
response at post-treatment week 12
(SVR12) (as-observed) by baseline
characteristics. SVR12 rates and 95%
CIs by subgroups are shown for the
as-observed population, which includes
patients with data available on or after
post-treatment week 12, including
those with virological failure. Data not
shown for patients infected with
genotype 2 (n=2), genotype 5 (n=1),
mixed genotypes (n=1) or unknown
genotype (n=2) and patients with
Model for End-Stage Liver Disease
(MELD) score >20 (n=3); all achieved
SVR12. CrCl, creatinine clearance; DCV,
daclatasvir; RBV, ribavirin; SOF,
sofosbuvir.
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Child–Pugh class B or C, albumin levels <35 g/L or total bilirubin
≥1.2 mg/dL. After excluding non-virological failures, these asso-
ciations became less significant (p>0.05). No significant difference
in the risk of treatment or virological failure was observed between
patients who received DCV+SOF versus DCV+SOF+RBV.
A slightly higher incidence of virological failure was observed
among patients receiving DCV+SOF+RBV (3.64% vs 3.10%;
risk difference −0.54%, 95% CI −4.52% to 3.44%). Because
treatment assignment was not randomised, this might have been
caused by physicians’ common practice of adding RBV to regimens
for harder-to-treat patients.

The effect of RBV on risk of virological failure was further
evaluated using IPW with propensity scores (see online
supplementary table S3). After propensity score weighting,
disease and treatment parameters that could affect failure risk
were well balanced across treatment groups. Adjusted virological
failure rates were 2.35% and 3.41% with and without RBV,
respectively. The adjusted risk difference (DCV+SOF minus
DCV+SOF+RBV) of 1.06% (95% CI −2.22% to 4.35%) was
not conclusive, suggesting a clinically non-significant treatment
effect on the probability of virological failure.

Changes in liver function
Laboratory parameters associated with liver function were
assessed at baseline and post-treatment week 12. Among
patients with samples at both time points, total bilirubin
decreased by a median 0.2 mg/dL (IQR 0.60), alanine amino-
transferase (ALT) decreased by 37 IU/L (IQR 54.0), albumin
increased by 2.0 g/L (IQR 6.0) and platelets increased by

7.0×109 cells/L (IQR 32.0). Among 272 patients with available
data, MELD score improved or remained unchanged in 47%
and 28% of patients, respectively; improvements were observed
in 58% of patients (63 of 109) with decompensated cirrhosis
(figure 4).

Safety and tolerability
Treatment was discontinued prematurely in 28 patients, including
10 who died on treatment. Sixteen DCV+SOF recipients (4%)
discontinued treatment; the most common events leading to dis-
continuation were multiorgan failure (n=4), sepsis (n=2) and
hepatic encephalopathy (n=2). The discontinuation rate was
higher (n=12, 10%) in DCV+SOF+RBV recipients; the most
common events leading to discontinuation were general physical
health deterioration (n=3), acute kidney injury (n=3) and hepatic
failure (n=2) (table 3; see online supplementary table S4).

Ninety-four patients (19%) experienced serious AEs on treat-
ment (table 3). Most events were directly or indirectly related to
advanced liver disease; those that occurred in >5 patients
included hepatic encephalopathy (n=12), HCC (n=8) and
hepatic failure (n=6) (see online supplementary table S5).
Twenty-eight patients died during treatment or follow-up,
including four who died after achieving SVR12. Most deaths
occurred in patients with advanced liver disease and were liver
related; causes of death in ≥2 patients included non-HCC liver-
related events (n=9), multiorgan failure (n=5) and sepsis (n=4,
including one with concomitant multiorgan failure). No deaths
were considered treatment related (see online supplementary
table S2).

Figure 3 Sustained virological
response at post-treatment week 12
(SVR12) (modified intention-to-treat
(mITT)) in patients with HCV genotype
3 infection. SVR12 (mITT analysis)
rates by treatment group in genotype
3-infected patients are shown
according to baseline cirrhosis status
and prior HCV therapy (A) and disease
stage in patients with cirrhosis (B).
Error bars indicate 95% CIs. Data for
patients with cirrhosis status
indeterminate (n=7, all achieved
SVR12) or not reported (n=1, relapse)
and for one patient with Model for
End-Stage Liver Disease (MELD) score
not reported (discontinuation due to
adverse event, imputed as failure) are
not shown. DCV, daclatasvir; RBV,
ribavirin; SOF, sofosbuvir.
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The most common AEs were non-specific, such as fatigue,
headache, arthralgia and gastrointestinal events (table 3).
Liver-related grade 3–4 laboratory abnormalities were infre-
quent; ALT elevations were reported in 3 patients (1%) and ele-
vated total bilirubin in 22 (5%). Twenty-four patients
experienced reduced haemoglobin levels, most frequently those
receiving RBV. RBV dose was reduced or stopped in 45 patients,
mainly due to AEs; 11 of these patients were liver transplant
recipients and 19 had decompensated cirrhosis. Among patients
with HBV/HCV coinfection, there were no reports of HBV
reactivation during or after HCV therapy.

Among the six patients with CrCl <30 mL/min/1.73 m2 at
baseline, two patients had SOF dose reductions to 200 mg due to
further decline in renal function, one patient who started treat-
ment with a reduced dose of SOF experienced further decline in
CrCl after increasing the daily dose of SOF to 400 mg and the
remaining three patients maintained stable CrCl levels despite
receiving full-dose SOF (see online supplementary figure S3).
Among the 60 patients with moderate renal insufficiency at
baseline, only one patient discontinued treatment due to renal
events. In three additional patients, CrCl decreased below
30 mL/min/1.73 m2 and remained stable without dose adjustment.

DISCUSSION
This European CUP provided clinically relevant information on
the effectiveness and safety of DCV+SOF, with or without RBV,
in a large cohort of patients with advanced liver disease, includ-
ing many with decompensated cirrhosis. This population, which
is often under-represented in clinical trials, is less likely to
respond satisfactorily to treatment and may suffer more frequent
treatment-related AEs.

Treatment resulted in an overall SVR12 rate of 91%.
Similarly, high SVR12 rates were observed in patient subgroups
with characteristics regarded as more difficult to cure, such as
decompensated cirrhosis and genotype 3 infection with cirrho-
sis. Consistent with previous studies, the SVR12 rate was lower
in patients with Child–Pugh C,9 and correspondingly, indicators
of advanced liver disease such as low platelet count or low
albumin level were associated with increased risk of failure.
However, much of this difference was related to pre-existing
advanced liver disease rather than to inadequate virological effi-
cacy. After excluding patients with non-virological failure, most
of whom had died from advanced liver disease, a 97% SVR12
rate was observed in patients with cirrhosis. Rates were similar
across Child–Pugh classes, and indicators of advanced liver
disease were not significantly associated with a higher risk of
virological failure.

Efficacy outcomes are consistent with results of phase III
studies of this regimen (ALLY programme) and community-
based expanded access programmes, despite the high proportion
of patients with advanced disease.7–9 12 13 This finding contrasts
with results of earlier studies of telaprevir, boceprevir and
SOF+RBV,14 15 which demonstrated suboptimal safety and/or
efficacy in a real-world setting, particularly in patients with
advanced disease. Efficacy outcomes were also generally com-
parable with those achieved after 12 or 24 weeks of treatment
with SOF plus ledipasvir (LDV) or velpatasvir (VEL), with or
without RBV, in studies of patients with advanced disease.16–18

However, results for SOF+LDV are limited to genotypes 1 and
4, and data for the combination SOF+VEL without RBV
suggest lower response rates in genotype 3 infection regardless
of treatment duration.18

Figure 4 Changes in Model for
End-Stage Liver Disease (MELD) score
from baseline to post-treatment week
12. Changes in MELD score from
baseline to post-treatment week 12, by
baseline Child–Pugh class, are shown.
Each panel indicates the numbers of
patients according to the magnitude of
change in MELD score. Solid bars
indicate patients who achieved
sustained virological response at
post-treatment week 12; hatched bars
indicate patients with virological
failure.
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Response rates were similar in the two treatment groups, sug-
gesting that RBV may not confer an efficacy benefit with this
regimen when treatment is extended to 24 weeks. After adjust-
ment for differences in baseline characteristics in the IPWanalysis,
treatment with or without RBV had no significant effect on the
probability of virological failure. However, definitive conclusions
in this regard should be confirmed in randomised clinical trials.

Optimising therapy for patients with cirrhosis with genotype 3
infection remains an important objective. In this cohort, 89% of
genotype 3-infected patients with cirrhosis achieved SVR12
after 24 weeks of treatment. In a previous phase III study of
genotype 3 infection, SVR12 was achieved by 96% of patients
without cirrhosis but by only 63% of patients with cirrhosis
after 12 weeks of treatment with DCV+SOF.8 Subsequently,
addition of RBV to the regimen for 12 or 16 weeks increased
SVR12 rates to 83% and 89%, respectively, in patients with
advanced fibrosis or compensated cirrhosis.19 However, SVR12
rates remained suboptimal (71%) with shorter duration of treat-
ment in patients with decompensated cirrhosis.20 Thus,
12 weeks of treatment may be adequate for patients with geno-
type 3 infection without cirrhosis, whereas patients with cirrho-
sis may benefit from addition of RBV and/or extension of
treatment beyond 12 weeks. The incremental benefit of adding
RBV is most evident with 12-week regimens and uncertain when
treatment is extended to 24 weeks. The results of a French
expanded access programme support this interpretation.12

SVR12 was achieved by 70% of patients with genotype 3 infec-
tion with cirrhosis treated for 12 weeks with DCV+SOF. With
24 weeks of treatment, SVR12 rates were 81% and 86% for
DCV+SOF with and without RBV, respectively. Similarly, in our

cohort where most patients were treated for 24 weeks, compar-
ably high SVR12 rates were achieved with RBV (88%) and
without RBV (89%).

The short follow-up precludes definitive conclusions regard-
ing treatment-related changes in liver disease. Our data suggest
a gradual improvement in MELD score and other liver disease
markers, with the greatest changes in MELD score generally
observed in patients with the highest scores at baseline. Further
follow-up is needed to assess long-term improvements in liver
disease parameters following viral clearance.

Virological failure was infrequent, occurring in 14 patients
(3%) overall. Thirteen were post-treatment relapses; there was a
single case of virological breakthrough in a genotype 3-infected
patient who never had undetectable HCV RNA during treatment.
Relapse was slightly more common in patients with genotype 3
versus other genotypes. Nevertheless, 92% of genotype 3-
infected patients achieved SVR12 after excluding non-virological
failures, even though 85% had cirrhosis and 52% of patients
with cirrhosis had evidence of hepatic decompensation. Logistic
regression analysis found no other baseline characteristics asso-
ciated with an increased risk of failure.

Most patients who failed to achieve SVR12 had adequate
virological responses but did not complete the programme due
to AEs or death; most such events were associated with
advanced liver disease that was present at programme entry.
However, most patients with advanced liver disease completed
the programme successfully. Consistent with other studies in
similar populations, this finding confirms that HCV suppression
is not always capable of arresting clinical deterioration in
patients with very advanced disease.21 22 Recent observations
suggest that the risk of HCC in patients with cirrhosis remains
after SVR12 is achieved.23 24

Overall, DCV+SOF with or without RBV was well tolerated,
exhibiting a safety profile consistent with data reported in
phase III studies. No unique safety events were reported even
though a high proportion of patients had advanced disease—a
population that often exhibits reduced tolerability to HCV
therapies, especially those containing interferon. There were few
discontinuations due to AEs, and not unexpectedly in a popula-
tion with advanced liver disease, most serious AEs and treatment
discontinuations were attributable to continued disease progres-
sion. Safety outcomes were generally similar between the two
treatment groups except for a higher frequency of generally mild
haematological events in patients receiving RBV.

Data from this cohort have several limitations. Treatment allo-
cation was not randomised; RBV use was at physicians’ discre-
tion, potentially resulting in imbalanced groups that could
complicate assessments of the role of RBV. To mitigate this limita-
tion, an IPW analysis was performed to further explore the role
of RBV in efficacy outcomes. Laboratory tests were conducted
using the standard technology that was available at each centre.
Consequently, assay differences may have caused inconsistencies
in laboratory-based efficacy and safety assessments. As with other
real-world cohorts, the limited requirements for data capture
may have led to under-reporting of safety events despite close
monitoring. In this regard, although most patients lost to
follow-up had HCV RNA <LLOQ at their last available visit, the
possibility of subsequent deaths among this group cannot be
completely excluded. Additionally, the potential contribution of
drug-related hepatotoxicity to disease progression and mortality
can likewise not be fully excluded.25 Comprehensive analyses of
drug resistance polymorphisms were not performed; therefore,
the potential contribution of pre-existing polymorphisms to viro-
logical outcome cannot be determined. Despite these limitations,

Table 3 On-treatment safety and tolerability

Patients, n (%)

DCV
+SOF
N=359

DCV+SOF
+RBV
N=126

All
patients
N=485

Any AE 217 (60) 93 (74) 310 (64)
Serious AEs 64 (18) 30 (24) 94 (19)
Treatment-related serious AEs 5 (1) 6 (5) 11 (2)

Grade 3 or 4 AEs 41 (11) 21 (17) 62 (13)
AEs leading to discontinuation or
death

16 (4) 12 (10) 28 (6)

Deaths* 8 (2) 2 (2) 10 (2)
AEs (any grade) in ≥5% of patients
Fatigue 48 (13) 15 (12) 63 (13)
Anaemia 10 (3) 40 (32) 50 (10)
Headache 30 (8) 6 (5) 36 (7)
Nausea 16 (4) 16 (13) 32 (7)
Diarrhoea 19 (5) 8 (6) 27 (6)

Selected treatment-emergent grade 3 or 4 laboratory abnormalities†‡
Haemoglobin <9 g/dL 11 (3) 13 (11) 24 (5)
ALT >5×ULN 3 (1) 0 3 (1)
AST >5×ULN 2 (1) 0 2 (<1)
Total bilirubin >2.5×ULN 11 (3) 11 (9) 22 (5)

Creatinine >1.8×ULN 5 (1) 0 5 (1)

On-treatment safety includes events that occurred during treatment period and first
7 days after stopping treatment.
*No deaths reported as treatment related. Details on deaths (on-treatment and after
treatment), serious AEs and AEs leading to discontinuation are summarised in online
supplementary tables S1, S2 and S4.
†Data not available: haemoglobin, n=15; ALT, n=16; AST, n=29; total bilirubin,
n=18; creatinine, n=24.
‡Grade 4 abnormalities included: haemoglobin <7 g/dL, n=5; ALT >10×ULN, n=1;
AST >10×ULN, n=2; total bilirubin >5×ULN, n=3; creatinine ≥3.5×ULN, n=3.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DCV, daclatasvir; RBV, ribavirin; SOF, sofosbuvir; ULN, upper limit of normal.
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this cohort represents one of the largest cohorts of patients with
advanced liver disease treated with an oral DAA combination in a
real-world setting. The findings are consistent with the results of
clinical trials evaluating DCV+SOF with or without RBV despite
the inclusion of a broad spectrum of patients.

In summary, DCV+SOF, with or without RBV, achieved high
SVR12 rates in a large, diverse cohort of patients with poten-
tially life-threatening liver disease. Treatment was well tolerated
and was associated with improvements in liver function.
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