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We assessed the efficacy and safety of ledipasvir/sofosbuvir plus
ribavirin for 24 weeks in 9 human immunodeficiency virus/
hepatitis C virus–coinfected patients who relapsed after receiv-
ing 12 weeks of treatment with ledipasvir/sofosbuvir. Eight of 9
(89%) achieved sustained virologic response 12 weeks after the
end of treatment. One patient relapsed at posttreatment week 4.
These results suggest an effective salvage therapy for patients for
whom direct-acting antiviral treatment has failed.
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All-oral, interferon-free therapy has substantially improved hep-
atitis C virus (HCV) management in recent years. Safe and well-
tolerated regimens with cure rates of >90% are available for most
patients, even those with characteristics historically associated
with poor response to treatment [1–3].However, for those failing
to achieve sustained virologic response (SVR), re-treatment
options remain uncertain. The emergence of long-lasting NS5A
resistance-associated variants (RAVs) after exposure to NS5A in-
hibitors raises concerns about re-treatment with NS5A inhibitors
[4–6]. For patients needing re-treatment, the optimal combina-
tions of direct-acting antivirals (DAAs), duration of salvage ther-
apy, and the role of ribavirin are unknown.

In the ION-4 phase 3 trial, HCV/human immunodeficiency
virus (HIV)–coinfected patients receiving ledipasvir/sofosbuvir
for 12 weeks had an SVR rate of 96% [7]. For 9 study patients
who experienced HCV virologic relapse, we assessed the efficacy

and safety of 24 weeks of ledipasvir/sofosbuvir plus weight-
based ribavirin.

METHODS

Study Design and Participants
This open-label, re-treatment substudy was conducted at 9 sites
in the United States. We enrolled 9 of the 10 patients with HIV/
HCV coinfection who had virologic failure after treatment with
ledipasvir/sofosbuvir in the ION-4 study within 60 days from
confirmed virologic failure (ClinicalTrials.gov identifier
NCT02073656). One patient who had virologic relapse after a
full course of treatment in ION-4 was not enrolled in this sub-
study due to hepatocellular carcinoma.

All patients provided written informed consent before any
study procedures were undertaken. The study was conducted
in accordance with the principles of the Declaration of Helsinki
and Good Clinical Practice.

Study Procedures
All patients received the fixed-dose combination tablet of
ledipasvir/sofosbuvir once daily plus weight-based ribavirin
(1000 mg in patients with a body weight of <75 kg, and
1200 mg in patients with a body weight of ≥75 kg) in a divided
dose for 24 weeks.

Deep sequencing of the NS5A and NS5B regions of the HCV
RNA using MiSeq technology (DDL Diagnostic Laboratory,
Rijswijk, the Netherlands) was performed for all patients at
baseline prior to the primary treatment course and at the
time of virologic failure in the primary study, and at the time
of virologic failure in the re-treatment substudy. Presence of
variants was evaluated by deep sequencing assay cutoffs of 1%
of the viral population. NS5A RAVs, defined as those that confer
>2.5-fold reduced susceptibility to ledipasvir in vitro, include spe-
cific substitutions at the following positions: K24G/N/R, M28A/
G/T, Q30E/G/H/L/K/R/T, L31I/F/M/V, P32L, S38F, H58D,
A92K/T, and Y93C/F/H/N/S for genotype 1a and L31I/F/M/V,
P32L, P58D, A92K, and Y93C/H/N/S for genotype 1b. NS5B
RAVs include the specific substitutions at the following positions:
S96T, N142T, L159F, S282T, any S282 variant other than T,
M289L/I, L320V/I/F, and V321A/I.

All patients were assessed for safety by physical examination
and by review of adverse events and clinical laboratory testing of
blood samples on the first day of re-treatment, at weeks 2, 4, 8,
12, 16, and 20 on treatment, and at the end of treatment.

Statistical Analysis
The statistical analysis was performed on all enrolled and treat-
ed patients. The safety data were assessed descriptively. Formal
statistical hypothesis testing was not conducted.
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RESULTS

Baseline Characteristics
Nine patients were enrolled and completed study treatment
(Table 1). All patients were black, had non-CC IL28B genotype,
and were receiving antiretroviral regimens with suppressed HIV
RNA. They had a median baseline CD4+ count of 785 cells/µL
(interquartile range, 404–971 cells/µL). The mean age was 57
years (range, 35–65 years), 7 were male, and 7 had genotype
1a infection. Two had cirrhosis. The median time from virologic
failure in the primary study to dosing in the re-treatment study
was 40 days (range, 34–70 days). The mean re-treatment baseline
HCV RNA was 6.4 log10 IU/mL (range, 4.4–7.1 log10 IU/mL),
compared with 7.0 log10 IU/mL (range, 6.5–7.5 log10 IU/mL) in
the primary study. HIV antiretroviral regimens were the same as
in the primary study, and included tenofovir and emtricitabine
with either efavirenz (n = 7) or raltegravir (n = 2).

Seven of the 9 patients had NS5A RAVs detected at the time
of relapse using deep sequencing with assay cutoff of 1%, in-
cluding L31M/V/I, H58D, and Y93N/H (Table 1). Four of the
patients had NS5A RAVs at entry to the primary study that were
still present at the time of virologic relapse, and 3 patients had
newly emergent NS5A RAVs. No patient had the S282T variant
associated with phenotypic resistance to sofosbuvir.

Efficacy
By week 4 of re-treatment, all patients had HCV RNA <25 IU/mL
(target not detected). No patients experienced virologic break-
through or nonresponse. Of the 9 patients enrolled and treated,
8 (89%) achieved SVR 12 weeks after the end of treatment
(SVR12) (Table 1). Six of the 7 patients (86%) with NS5A RAVs
at the time of relapse in the primary study achieved SVR12.

The patient who experienced virologic relapse by posttreat-
ment week 4 was a 55-year-old black man. This patient had
no baseline NS5A RAVs at entry to the primary study. At the
time of relapse in the primary study, the NS5A RAV L31M
(>99%) had emerged. At relapse following re-treatment, the pa-
tient was observed to have L31M (98%) and L31V (2%). Follow-
ing re-treatment, this patient had the L159F NS5B sofosbuvir
treatment-emergent variant in 10.8% of the viral population.
The patient was adherent to the study drugs as measured by
pill count at study visits.

Safety
No patient discontinued study treatment due to an adverse
event, and all adverse events experienced were nonserious (Sup-
plementary Table 1). Four patients required modification or in-
terruption of their ribavirin dose. No patient had confirmed
HIV virologic rebound (HIV type 1 RNA ≥ 400 copies/mL),
and CD4+ cell counts were stable on treatment.

DISCUSSION

In this open-label study of patients with HCV/HIV coinfection
who relapsed following 12 weeks of ledipasvir/sofosbuvir in the Ta

bl
e
1.

Pa
tie

nt
Ch

ar
ac
te
ris

tic
s
at

Ba
se
lin

e
an
d
Be

gi
nn
in
g
of

Re
-tr
ea
tm
en
t,
Re

si
st
an
ce
-A
ss
oc
ia
te
d
Va

ria
nt
s,
an
d
Re

-tr
ea
tm
en
tO

ut
co
m
es

Pa
tie

nt
C
ha

ra
ct
er
is
tic

s
at

B
as
el
in
e
an

d
B
eg

in
ni
ng

of
R
e-
tr
ea

tm
en

t
R
AV

s
at
:

R
e-
tr
ea

tm
en

t
O
ut
co

m
e

P
t

A
ge

S
ex

B
M
I

G
T

C
irr
ho

si
s

IL
28

B
A
nt
iv
ira

lR
eg

im
en

C
D
4+

C
ou

nt
,

ce
lls
/m

L
H
C
V
R
N
A
,

lo
g 1

0
IU
/m

L

B
as
el
in
e

R
el
ap

se
R
e-
tr
ea

tm
en

t
R
el
ap

se
B
L

R
et
xt

B
L

R
et
xt

1
35

M
23

.9
1a

N
o

C
T

E
FV

+
FT

C
+
TD

F
32

0
30

8
6.
3

7.
3

N
on

e
N
on

e
.
.
.

S
V
R
1
2

2
61

F
23

.1
1a

Ye
s

C
T

R
A
L
+
FT

C
+
TD

F
15

8
14

4
4.
4

6.
4

N
on

e
N
on

e
.
.
.

S
V
R
1
2

3
51

M
30

.0
1a

N
o

TT
E
FV

+
FT

C
+
TD

F
93

0
96

4
6.
3

6.
5

L3
1
M

(>
99

%
)H

58
D

(9
2.
1%

)
L3

1
M

(>
99

%
)H

58
D

(9
9%

)
.
.
.

S
V
R
1
2

4
63

M
43

.7
1a

N
o

TT
E
FV

+
FT

C
+
TD

F
78

5
69

0
6.
6

7.
3

Y
93

F
(1
.2
%
)Y

93
N

(9
.9
%
)

Y
93

N
(9
.9
%
)

.
.
.

S
V
R
1
2

5
60

M
32

.5
1a

N
o

TT
R
A
L
+
FT

C
+
TD

F
40

4
43

5
6.
6

3.
4

L3
1
M

(9
8.
8%

)Y
93

N
(2
4.
8%

)
L3

1
M

(9
9%

)Y
93

N
(9
9%

)
.
.
.

S
V
R
1
2

6
58

M
28

.0
1a

N
o

TT
E
FV

+
FT

C
+
TD

F
48

0
55

3
7.
0

7.
5

N
on

e
Y
93

N
(>
99

%
)

.
.
.

S
V
R
1
2

7
65

F
24

.8
1b

Ye
s

TT
E
FV

+
FT

C
+
TD

F
97

1
90

4
7.
1

7.
0

N
on

e
L3

1
V
(>
99

%
)

.
.
.

S
V
R
1
2

8
58

M
25

.0
1b

N
o

TT
E
FV

+
FT

C
+
TD

F
16

25
20

69
6.
9

7.
3

Y
93

H
(>
99

%
)

L3
1I

(1
1.
12

%
)Y

93
H

(>
99

%
)

.
.
.

S
V
R
1
2

9
55

M
31

.7
1a

N
o

C
T

E
FV

+
FT

C
+
TD

F
11

08
93

3
6.
6

6.
7

N
on

e
L3

1
M

(>
99

%
)

L3
1
M

(9
7.
5%

)L
31

V
(2
.1
%
)

R
el
ap

se
P
T
W
ee

k
4

A
bb

re
vi
at
io
ns

:B
L,

ba
se

lin
e;

B
M
I,
bo

dy
m
as

s
in
de

x;
E
FV

,e
fa
vi
re
nz
;F

TC
,e

m
tr
ic
ita

bi
ne

;G
T,

ge
no

ty
pe

;H
C
V,

he
pa

tit
is

C
vi
ru
s;

P
t,
pa

tie
nt
;P

T,
po

st
tr
ea

tm
en

t;
R
A
L,

ra
lte

gr
av
ir;

R
AV

,r
es

is
ta
nc

e-
as

so
ci
at
ed

va
ria

nt
;R

et
xt
,r
e-
tr
ea

tm
en

t;
S
V
R
1
2
,s

us
ta
in
ed

vi
ro
lo
gi
c

re
sp

on
se

12
w
ee

ks
af
te
r
th
e
en

d
of

tr
ea

tm
en

t;
TD

F,
te
no

fo
vi
r
di
so

pr
ox

il
fu
m
ar
at
e.

BRIEF REPORT • CID 2016:63 (15 August) • 529

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciw349/-/DC1
http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciw349/-/DC1


ION-4 trial, 8 of the 9 patients (89%) achieved SVR12 following
24 weeks of treatment with the fixed-dose combination of ledi-
pasvir/sofosbuvir plus ribavirin. Adherence was not identified
as a factor contributing to virologic relapse of patients in either
the primary study or the current substudy. Therefore, we do not
believe that improved adherence with the re-treatment regimen
explains the outcome.

The presence of RAVs—particularly of those within the
NS5A gene—is of concern to clinicians when considering re-
treatment of patients who have not achieved SVR after prior
treatment with an NS5A inhibitor. In this trial, 6 of 7 patients
with NS5A RAVs at the time of relapse of the primary study
achieved SVR12 after re-treatment. Although the small sample
size precludes any definite conclusions concerning the effect
of NS5A resistance on response to this regimen, the result sug-
gests that SVR is possible with the 24-week re-treatment regi-
men with ledipasvir/sofosbuvir with ribavirin in the presence
of an NS5A RAV. We used a 1% cutoff for identification of
NS5a RAVs. Of note, the specific RAVs identified in our relaps-
ers are well established to be clinically relevant.

The relevance of these outcomes may extend beyond HIV/
HCV coinfection. Although confirmation in larger populations
is necessary, these findings suggest that re-treatment of NS5A-
experienced patients with a regimen containing an NS5A inhib-
itor is feasible, particularly if the duration is extended and if
ribavirin is added. Prior evaluation of 24 weeks of ledipasvir/
sofosbuvir salvage treatment in prior relapses compared with
8 or 12 weeks of ledipasvir/sofosbuvir in HCV-monoinfected
patients suggests the longer course of treatment alone without
the addition of ribavirin is insufficient as the SVR12 rate was
100% in those without baseline NS5A RAVs and 60% in those
with baseline NS5A RAVs [8]. Ribavirin has been shown to
decrease HCV relapse and prevent the emergence of RAVs in
other study populations. In the PROtease Inhibition for Viral
Eradication-2 study of the NS3 protease inhibitor telaprevir
plus peginterferon, the rate of HCV breakthrough due to RAVs
was 26% in patients receiving telaprevir and peginterferon
without ribavirin, compared with 2% in patients who received
telaprevir, peginterferon, and ribavirin [9]. The addition of
ribavirin to ledipasvir/sofosbuvir in this re-treatment substudy
may account for the improved SVR outcome in our study;
however, the small sample size precludes definitive conclusion.

The benefit of ribavirin in HCV treatment has been explored
in many other studies of interferon-based and DAA-based reg-
imens [10–12]. The mechanism of action of ribavirin remains
unknown, but increased viral replicative infidelity, viral and
host enzymatic inhibition, and immune modulation have all
been proposed as possibly contributing to the effect of ribavirin
on treatment outcomes [13–19].Gene expression analysis of pa-
tients receiving sofosbuvir plus ribavirin indicates that restora-
tion of endogenous interferon-α2 and decreased aberrant
expression of type II and III interferons, their receptors, and

interferon signaling genes correlates with achievement of SVR
and prevents virus relapse [18]. Ribavirin may also contribute
to HCV inhibition by augmenting plasmacytoid dendritic cell–
derived type I interferon production [19].Despite the uncertainty
of its mechanism of action, current HCV treatment guidelines
recommend the use of ribavirin for the re-treatment of patients
who have not achieved SVR after prior treatment with NS5A in-
hibitors [2]. In this study, the dose of ribavirin—either 1000 mg
or 1200 mg daily—was determined by weight. The optimal dose
and possible impact of dose reduction on outcomes is unknown
in interferon-free, combination DAA regimens.

This high SVR12 rate was achieved in patients harboring high
fold-change NS5A RAVs and provides proof of concept for re-
treatment strategies in patients failing NS5A regimens.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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