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Summary
Aim We aimed to investigate the efficacy of interferon
and ribavirin-free sofosbuvir/ledipasvir (SOF/LDV)
and ritonavir boosted paritaprevir/ombitasvir with
or without dasabuvir (2D/3D) regimens in a real-life
cohort of human immunodeficiency virus/hepatitis
C virus (HIV/HCV) coinfected patients. The study
focused on efficacy, need for changes in antiretroviral
therapy (ART) due to drug-drug interaction (DDI),
and treatment-associated changes in liver stiffness.
Methods In this study 36 patients (n = 21 SOF/LDV
and n = 15 2D/3D) were retrospectively analyzed.
Depending on the genotype the following treatment
regimens were used: HCV genotype (GT)-1: either
SOF/LDV or 3D, no patient with HCV-GT2 was in-
cluded, HCV-GT3: SOF/LDV, HCV-GT4: 2D.
Results Approximately one third (35.3%) of patients
were treatment-experienced and 13.9% had cirrhosis.
Antiretroviral therapy had to be changed in 38.1%
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of SOF/LDV and 60% of 2D/3D patients prior to
anti-HCV treatment due to expected DDIs. We ob-
served sustained virologic response (SVR) rates of
100% in patients treated with SOF/LDV (19/19) and
2D/3D (14/14). One 2D/3D patient was lost to follow-
up, while two SOF/LDV patients died during ther-
apy from non-treatment-related causes. They were
excluded from the analysis. Between baseline and fol-
low-up liver stiffness decreased from 11.4 to 8.3 kPa
(p = 0.008) and from 8.1 to 5.7 kPa (p = 0.001) in
SOF/LDV and 2D/3D patients, respectively.
Conclusions We confirmed the excellent HCV erad-
ication rates >95% in a real-life cohort of HIV/HCV
coinfected patients treated with SOF/LDV and 2D/3D.
We observed no HCV relapse or breakthrough. More
patients treated with 2D/3D required a change in ART
than patients treated with SOF/LDV. Additionally, HCV
eradication led to a rapid decline in liver stiffness.

Keywords HIV · Hepatitis C virus · Sofosbuvir · Ledi-
pasvir · 3D

Introduction

Chronic hepatitis C virus (HCV) infections are esti-
mated to affect 0.3% of the overall population in Aus-
tria; however, only one third of patients are aware
of their infection [1]. According to the Joint United
Nations Programme on HIV/AIDS (UNAIDS) approx-
imately 9000 people in Austria are living with human
immunodeficiency virus (HIV) [2]. Of those approxi-
mately 20% are coinfected with HCV [3]. Liver-related
mortality, mainly due to viral hepatitis, remains a ma-
jor cause of death amongst HIV-positive individuals
[4]. When compared with HCV mono-infected pa-
tients, HIV/HCV coinfected patients progress faster to
cirrhosis [5] and show increased liver-related mortal-
ity [6, 7]. Since eradication of HCV improves overall
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survival among HIV/HCV coinfected patients [8], the
European Association for the Study of the Liver (EASL)
recommends prioritizing treatment of HCV in patients
who are coinfected with HIV [9].

In 2008 there were an estimated 38,000 (range
8000–60,000) individuals with anti-HCV antibodies
(anti-HCV prevalence rate of 0.5%; (0.1–0.7%)) [2, 26].
With a viremic rate of 73.9%, there were approxi-
mately 28,000 (range 6000–44,000) viremic individ-
uals, corresponding to a viremic prevalence rate of
0.3% (0.1–0.5%).

In the era of pegylated interferon (IFN) and rib-
avirin (RBV), the majority of HIV/HCV coinfected pa-
tients remained untreated for HCV [10]. Patients with
an urgent need for treatment due to established cir-
rhosis as well as those with psychiatric comorbidities
were often not eligible for IFN-based therapy. Further-
more, even eligible patients refused anti-HCV therapy
since adverse events (AEs) were common while the
chance of cure was suboptimal [10–12].

Triple therapy with IFN/RBV plus one of the first
generation direct acting antivirals (DAA) boceprevir
[13] or telaprevir [14] achieved higher rates of sus-
tained virologic response (SVR); however, their use
was limited to HCV genotype (HCV-GT) 1 and treat-
ment acceptance remained low due to contraindica-
tions, significant impairments of health-related qual-
ity of life during treatment [15] and patient refusal
[16].

With the approval of second generation DAAs by
the European Medicines Agency a new era of HCV
therapy has started. Currently, IFN-free DAA com-
binations are only reimbursed by Austrian health
insurance if a patient has significant liver fibrosis
(METAVIR score ≥F2 or liver stiffness ≥7.0 kPa). Avail-
able and reimbursed second generation DAA regi-
mens include sofosbuvir/ledipasvir (SOF/LDV) [17]
and ritonavir boosted paritaprevir/ombitasvir with
(3D) or without (2D) dasabuvir [18] which demon-
strated excellent cure rates in clinical trials. In the
ION-4 trial [17] SOF/LDV achieved an overall SVR rate
of 96% in HIV/HCV coinfected patients with HCV-
GT1 and HCV-GT4 treated for 12 weeks. In the ELEC-
TRON-2 [19] trial SOF/LDV for 12 weeks achieved
a SVR rate of only 64% in HCV-GT3 patients, while
those who additionally received RBV had a SVR rate
of 100%. In the ION-4 [17] trial SOF/LDV was well-
tolerated with no discontinuation due to treatment-
related AE.

In the TURQUOISE-1 [18] trial, 3D in combi-
nation with RBV achieved an SVR rate of 94% in
HIV/HCV coinfected patients with HCV-GT1 treated
for 12 weeks. The AE were rare and no patient dis-
continued treatment. The PEARL-1 [20] study inves-
tigated the use of 2D for HCV-GT4 and achieved SVR
rates of 91% in non-cirrhotic, treatment-naïve HCV
monoinfected patients; however, due to strict inclu-
sion and exclusion criteria the majority of coinfected
patients would not have been able to participate in the

ION-4 and TURQUOISE-1 trials [21]. In these trials,
patients were commonly excluded due to restrictions
to specific antiretroviral therapies, active drug use,
detectable HIV-RNA or due to low CD4 cell counts.
Thus, it is uncertain whether these promising results
can be extrapolated to real-life patients. Due to the
addition of the ritonavir boosted protease-inhibitor
paritaprevir, 2D/3D carries a substantial potential for
drug-drug interactions (DDI) [22]. Although SOF/LDV
moderately increases tenofovir disoproxil fumarate
(TDF) levels similar to those seen when combining
TDF with a ritonavir boosted HIV protease inhibitor
(PI) [22], no dose adjustments or changes in antiretro-
viral therapy (ART) are necessary. In contrast, the use
of 2D/3D in combination with HIV PI or non-nucle-
oside reverse transcriptase inhibitors (NNRTI) is not
recommended due to DDI [23].

Liver stiffness measured by transient elastography
is a surrogate marker of liver fibrosis [24] and portal
hypertension [25] and predicts hepatic decompensa-
tion in HIV/HCV coinfected patients [26]. Interest-
ingly, recent studies revealed that both IFN-based [27]
and IFN-free therapies [28] improved liver stiffness in
HIV/HCV coinfected patients, suggesting liver fibrosis
regression and a reduction in portal pressure [29].

The real-life efficacy of SOF/LDV and 2D/3D has yet
to be demonstrated in HIV/HCV coinfected patients
[21]. Thus, we investigated the efficacy of IFN and
RBV-free SOF/LDV and 2D/3D regimens in a real-life
cohort of HIV/HCV coinfected patients. Moreover, we
assessed the need for changes in ART due to DDI as
well as the course of liver stiffness.

Patients, materials and methods

Study population

All HIV/HCV coinfected patients treated at the Med-
ical University of Vienna with either SOF/LDV or
2D/3D who completed the SVR visit by July 2016 were
retrospectively analyzed. Based on these criteria 36
patients were included: SOF/LDV n = 21 and 2D/3D
n = 15.

Assessed parameters

Epidemiological characteristics and HIV as well as
HCV infection parameters were collected from pa-
tient medical history. HCV-GT was determined using
the VERSANT HCV Genotype 2.0 Assay Line Probe
Assay (LiPA) (Siemens Healthcare Diagnostics, Tarry-
town, NY), while HCV-RNA was assessed using the
Abbott RealTime HCV assay (Abbott Molecular, Des
Plaines, IL) with a lower limit of quantification (LLQ)
of 12 IU × ml–1.
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Table 1 Patient characteristics

Overall SOF/LDV 2D/3D p-value

Age (years) 43.7 ± 2.8 45 ± 2.4 41.9 ± 3.2 0.419

Sex

Male 26 (72.2%) 16 (76.2%) 10 (66.7%) 0.709

Female 10 (27.8%) 5 (23.8%) 5 (33.3%)

BMI 24.4 ± 1.4 23.8 ± 1.4 25.3 ± 1.4 0.426

History of alcohol abuse 7 (19.4%) 4 (19%) 3 (20.0%) 1

HCV infection parameters

Baseline HCV-RNA (log IU × ml–1) 6.12 ± 0.2 6.22 ± 0.16 5.98 ± 0.23 0.392

HCV genotype

HCV-GT1 25 (69.4%) 13 (61.9%) 12 (80.0%) n. a.

HCV-GT2 0 0 0

HCV-GT3 8 (22.2%) 8 (38.1%) 0

HCV-GT4 3 (8.3%) 0 3 (20.0%)

Transmission

IVDA 22 (61.1%) 13 (61.9%) 9 (60%) n. a.

MSM 7 (19.4%) 4 (19.0%) 3 (20%)

Heterosexual contact 4 (11.1%) 3 (14.3%) 1 (6.7%)

Other 1 (2.8%) 0 1 (6.7%)

Unknown 2 (5.6%) 1 (4.8%) 1 (6.7%)

Previous HCV treatment 12 (35.3%) 6 (28.6%) 7 (46.7%) 0.462

HIV infection parameters

Antiretroviral therapy 35 (97.2%) 20 (95.2%) 15 (100%) 1

HIV-RNA suppression at baseline 27 (84.4%) 15 (75%) 12 (100%) 0.130

CD4+ T lymphocyte nadir (cells/μL) 300 ± 62 293 ± 49 311 ± 79 0.879

CD4+ T lymphocytes (cells/μl) 654 ± 99 617 ± 85 699 ± 112 0.664

Liver stiffness ≥7.1 kPa 16 (44.4%) 8 (38.1%) 8 (53.3%) 0.310

Liver stiffness ≥9.5 kPa 5 (13.9%) 3 (14.3%) 2 (13.3%) 1

Liver stiffness ≥12.5 kPa 5 (13.9%) 4 (19.0%) 1 (6.7%) 0.376

Portal hypertension ≥6mmHg 6 (16.6%) 4 (19.0%) 2 (13.3%) 1

Clinically significant portal hyperten-
sion ≥10mmHg

3 (8.3%) 3 (14.3%) 0 0.250

AST (IU/mL) 72.03 ± 14.23 85.38 ± 16.62 53.33 ± 7.86 0.101

ALT (IU/mL) 108.33 ± 33.24 140.33 ± 40.61 63.53 ± 11.32 0.092

GGT (IU/mL) 148.61 ± 37.15 155.67 ± 41.07 138.73 ± 30.67 0.745

Creatinine (mg/dL) 1.22 ± 0.57 0.83 ± 0.05 1.79 ± 0.89 0.238

Bilirubin (mg/dL) 0.77 ± 0.16 0.83 ± 0.18 0.69 ± 0.12 0.523

Albumin (g/dL) 43.57 ± 0.93 42.95 ± 1.02 44.44 ± 0.74 0.251

Prothrombin ratio (%) 94.06 ± 4.25 94.25 ± 3.46 93.79 ± 5.18 0.940

AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma glutaryltransaminase, GT genotype, SOF sofosbuvir, LDV ledipasvir, 2D ritanovir
boosted ombitasvir/paritaprevir, 3D ritonavir boosted ombitasvir/paritaprevir/dasabuvir, BMI body mass index; HCV hepatitis C virus, HIV human immunodefi-
ciency virus, IVDA intravenous drug abuse, MSM men who have sex with men, GT genotype

HIV therapy

Prior to HCV treatment initiation, ART was changed
to two nucleoside reverse transcriptase inhibitors
(NRTIs) combined with an integrase inhibitor (II) in
the case of suspected DDIs, tolerance reasons, or
for HIV treatment simplification (reduction of pill
burden). HIV-RNA was assessed using the Roche
COBAS® TqaMan HIV-1 Test, v2.0 (Roche, Vienna,
Austria) with a LLQ of 20 copies × ml–1.

HCV therapy

The decision on the therapy regimen was made
based on HCV-GT and reimbursement by the Aus-
trian health insurance. The following regimens were
used: HCV-GT1: either SOF/LDV or 3D, no patient
with HCV-GT2 was included, HCV-GT3: SOF/LDV,
HCV-GT4: 2D. A total of 21 patients were treated
with SOF/LDV (Harvoni® 400/90mg, Gilead, Vienna,
Austria) and 15 patients were treated with ombitasvir/
paritaprevir/ritonavir (Viekirax® 12.5mg/75mg/50mg,

K Progress in eradication of HCV in HIV positive patients with significant liver fibrosis in Vienna 519



original article

Table 2 Antiretroviral therapy

Treatment regimen SOF/LDV 2D/3D

3TC 6 (28.6%) 7 (46.6%)

ABC 5 (23.8%) 7 (46.6%)

TDF 15 (71.4%) 8 (53.3%)

FTC 14 (66.7%) 8 (53.3%)

ATZ 1 (4.8%) 1 (6.7%)

DRV 2 (9.5%) 0

FPV 1 (4.8%) 0

RTV 4 (19.0%) 1 (6.7%)

RPV 1 (4.8%) 1 (6.7%)

ETR 2 (9.5%) 0

RAL 5 (23.8%) 3 (20%)

DTG 10 (47.6%) 10 (66.7%)

3TC lamivudine, ABC abacavir, TDF tenofovir disoproxil fumarate, FTC emtricitabine, ATZ atazanavir, DRV darunavir, FPV fosamprenavir, RTV ritonavir,
RPV rilpivirine, ETR etravirine, RAL raltegravir, DTG dolutegravir

Abbvie, Vienna, Austria) two tablets once daily. In
the case of HCV-GT1 infection, dasabuvir (Exviera®
250mg, Abbvie, Vienna, Austria) twice daily was
added. Treatment duration was 12 weeks, except for
patients with cirrhosis or HCV-GT3 in whom the treat-
ment duration was extended to 24 weeks. In HCV-GT3
patients with excellent virologic response treatment
duration was shortened to 16 or 20 weeks; however,
in some patients, treatment prolongation was denied
by the Austrian health insurance. Sustained virologic
response (SVR) was defined as a negative PCR result
12 weeks after cessation of treatment.

Liver stiffness measurement

Liver stiffness was measured at baseline and follow-
up 12 weeks after cessation of treatment via transient
elastography (Fibroscan, Echosens, Paris, France), as
previously described [24].

Statistics

Analyses were performed using IBM SPSS Statistics 23
(SPSS, IBM, Armonk, NY) and GraphPad Prism 7
(GraphPad Software, La Jolla, CA). Continuous vari-
ables were reported as mean ± standard error of the
mean, whereas categorical variables were reported as
number and proportion of patients with the certain
characteristic. Student’s t-test was used for com-
parisons of continuous variables. Comparisons of
categorical variables were performed using Fisher’s
exact test. Paired t-test was used for comparing base-
line and follow-up liver stiffness. A p-value ≤0.05 was
denoted statistically significant.

Ethics

This study was conducted in accordance with the
Declaration of Helsinki and approved by the local

ethics committee of the Medical University of Vienna
(No. 1814/2015).

Results

Patient characteristics

A full list of patient characteristic is given in (Table 1).
The majority of patients were male (72.2%), the

main route of transmission was intravenous drug use
(61.1%) and HCV-GT1 was most common (69.4%).
Approximately one third (35.3%) of patients was treat-
ment-experienced. The proportion of treatment-ex-
perienced patients was not significantly higher in the
2D/3D group (46.7% vs 28.6%; p = 0.462). Except for
one patient, all patients (97.2%) were on ART prior
to and during treatment and in the majority of cases
(84.4%) HIV-RNA was suppressed (<50 copies/ml).
The distribution of fibrosis stages assessed by tran-
sient elastography was as follows when using cut-offs
proposed by Castera et al. [30]: F2 (7.1–9.4 kPa): n =
16 (44.4%), F3 (9.5–12.4 kPa): n = 5 (13.9%), and F4
(≥12.5 kPa): n = 5 (13.9%). Of the patients 6 (16.6%)
had portal hypertension as indicated by a hepatic
venous pressure gradient ≥6mmHg.

No statistically significant differences in patient
characteristics were observed when comparing SOF/
LDV and 2D/3D patients. The antiretroviral therapy
used during SOF/LDV or 2D/3D treatment is shown
in Table 2.

The majority of patients in both groups received
nucleoside reverse transcriptase inhibitors (NRTI)
combined with an integrase inhibitor (II). In 8 (38.1%)
SOF/LDV (Fig. 1a) and 9 (60%) 2D/3D patients
(Fig. 1b) ART had to be switched to a regimen con-
taining 2 NRTI and an II prior to HCV therapy. In
one patient, without HIV therapy at baseline who had
a preserved CD4+ T-cell count, ART was initiated at
week 12 of anti-HCV therapy.
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Fig. 1 Antiretroviral therapy prior to and during anti-HCV ther-
apy. a, b Percentage of patients without ART during ther-
apy, or with same ART as before anti-HCV treatment, or with
switched ART to a compatible ART regimen prior to therapy,
indicated separately for SOF/LDV and 2D/3D. c, d Numbers
and proportion of patients using different classes of ART drugs
in their ART regimens during anti-HCV therapy, indicated for

SOF/LDV and 2D/3D, respectively. ART antiretroviral therapy,
SOFsofosbuvir,LDV ledipasvir,2D ritonavirboostedombitasvir/
paritaprevir, 3D ritonavir boosted ombitasvir/paritaprevir/
dasabuvir, NRTI nucleoside reverse transcriptase inhibitor,
NNRTI non-nucleoside reverse transcriptase inhibitor, PI pro-
tease inhibitor, II integrase inhibitor

In the SOF/LDV group, the NRTI backbone was
combined with NNRTI in n = 3 (14.3%), PIs in n = 4
(19.0%), and with IIs in n = 15 (71.4%) patients
(Fig. 1c). In the 2D/3D group, IIs were more common
with n = 13 (86.6%), while only n = 1 (6.7%) patient
received NNRTIs and PIs, respectively (Fig. 1d).

TDF (SOF/LDV: 15 [71.4%], 2D/3D: 8 [53.3%])
and emtricitabine (SOF/LDV: 14 [66.7%], 2D/3D: 8
[53.3%]) were the most commonly used NRTIs, while
dolutegravir (SOF/LDV: 10 [47.6%], 2D/3D: 10 [66.7%])
was the most commonly used II.

The virological response to SOF/LDV and 2D/3D
regimens is depicted in Fig. 2.

The viral kinetics during SOF/LDV and 2D/3D
treatment was similar. After 4 weeks of treatment 2
out of 18 (11%) and 9 out of 18 (50%) patients treated
with SOF/LDV had undetectable HCV-RNA and HCV-
RNA below the lower limit of quantification (LLQ)
respectively, compared with 4/14 (28.6%) and 3/14
(21.4%). treated with 2D/3D. At treatment week 8
the same applied to 7/19 (36.8%) and 10/19 (52.6%)
patients treated with SOF/LDV and 7 (46.7%) and
5/15 (33.3%) patients treated with 2D/3D (Fig. 2a).
Treatment was prolonged for up to 24 weeks in 7
(33.3%) and 2 (13.3%) patients treated with SOF/LDV
and 2D/3D, respectively.

In the SOF/LDV group 16 out of 19 (84.2%) pa-
tients had undetectable HCV-RNA at the end of treat-
ment and 19 out of 19 (100% [95% CI: 80.2–100%]) pa-
tients achieved SVR. We observed no relapse or break-

through, but two patients died during therapy from
non-treatment-related causes and were excluded from
the analysis. In contrast in the 2D/3D group 11 out
of 15 (73.3%) patients had an end of treatment re-
sponse but all 2D/3D patients (14 out of 14, 100%
[95% CI: 74.9–100%]) went on to achieve SVR. One
patient treated with 2D/3D was lost to follow-up and
excluded from the analysis (Fig. 2b).

Safety

The SOF/LDV and 2D/3D regimens were generally
well-tolerated; however, one patient treated with
SOF/LDV discontinued treatment at week 12 due to
worsening of a pre-existing cardiomyopathy. Further-
more, two patients died from non-treatment-related
causes: one due to a pre-existing CNS lymphoma,
while the other death was AIDS-related. No patients
treated with 2D/3D discontinued antiviral therapy
prior to week 12 of 2D/3D.

Change in liver stiffness

Paired liver stiffness measurements were available in
19 (90.5%) and 13 (86.7%) of SOF/LDV and 2D/3D
patients, respectively. Between baseline and follow-
up, liver stiffness decreased from 11.4 to 8.3 kPa (p =
0.008) and from 8.1 to 5.7 kPa (p = 0.001) in SOF/LDV
and 2D/3D patients, respectively (Fig. 2c). Interest-
ingly a small group of 5 (26.3%) and 2 (15.4%) patients
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Fig. 2 Treatment response. aViral kineticsofHCV-RNAat
baselineandduringtherapy(weeks2to12)areshownasmean±
standarderror of themeanat the respective timepoints for
SOF/LDVand2D/3D, respectively. bProportionofpatientswith
endof treatment negativity andSVRafter cessationof therapy
are shown for SOF/LDVand2D/3D, respectively.cChanges
in liver stiffness frombaseline to follow-up (evaluatedatSVR)
aredepicted for SOF/LDVand for 2D/3Dpatients, respectively.
SOFsofosbuvir,LDV ledipasvir,2D ritonavirboostedombitasvir/
paritaprevir,3D ritonavir boostedombitasvir/paritaprevir/
dasabuvir,BLbaseline,W treatmentweek,EOTendof treat-
ment,SVR sustainedvirologic response,TND target notde-
tectable

showed increases in liver stiffness after SOF/LDV and
2D/3D treatment, respectively.

HIV suppression during therapy

Low HIV viremia (either HIV-RNA <LLQ or ≥LLQ)
was common during anti-HCV treatment. In the
SOF/LDV group, 9 (45%) and 5 (25%) patients showed
detectable HIV-RNA <LLQ and HIV-RNA ≥LLQ, re-
spectively (Fig. 3a). The patient without ART at
baseline was excluded from this analysis. In the
2D/3D group, HIV-RNA ≥LLQ was less common with
1 (6.7%) and 9 (60%) showing detectable HIV-RNA
<LLQ (Fig. 3b); however, the trend toward a higher
rate of HIV-RNA ≥LLQ in the SOF/LDV group was
not statistically significant (p = 0.207). Prior to treat-
ment 7 (35%) and 3 (15%) patients showed detectable
HIV-RNA <LLQ and HIV-RNA ≥LLQ in the SOF/LDV
group, respectively. In the 2D/3D group 5 (33.3%) and
1 (6.7%) patients showed detectable HIV-RNA <LLQ
and HIV-RNA ≥LLQ prior to treatment, respectively.
The difference in viremia prior to and during DAA
treatment was not statistically significant between the
SOF/LDV and the 2D/3D groups.

Discussion

Our study aimed to investigate the real-life efficacy of
SOF/LDV and the 2D/3D regimen in a cohort of thor-
oughly documented HIV/HCV coinfected patients.
Due to the reimbursement requirements of the Aus-
trian health insurance, nearly all patients had to have
at least liver fibrosis ≥F2. Nevertheless, compared
with other studies [31], cirrhosis was less common
as most patients with an urgent need for therapy
have been treated as soon as sofosbuvir/daclatasvir
became available [28].

The ION-4 [17] and the TURQUOISE-1 [18] trial
assessed the efficacy of SOF/LDV and 3D in HIV/HCV
coinfected patients and demonstrated remarkable
SVR rates of ≥95%; however, their generalizability
to the real world has recently been questioned [21];
therefore, we investigated whether SVR rates ≥95%
were achievable in a real-world setting. In analogy
to other reports [31], our study confirms these num-
bers; however, another recent study by Lakshmi et
al. reported a substantially lower cure rate of only
83.3% in their HIV/HCV coinfected cohort [32]. We
observed an intent to treat SVR rate of 100% (95% CI:
80.2–100%) and 100% (95% CI: 74.9–100%) in patients
treated with SOF/LDV and 2D/3D, respectively. Two
patients died during therapy from a non-treatment-
related cause and were excluded from the analysis.
Additionally, several studies in HCV monoinfected pa-
tients with HCV-GT1 achieved equally high SVR rates
of ≥90% [33–36]; however, only 75% of genotype 3
patients were cured [34]. Our particularly high SVR
rate of 100% among patients with HCV-GT3 might
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Fig. 3 HIVsuppression
during anti-HCV therapy.
Proportionof patientswith
continuouscomplete sup-
pressionofHIV-RNAduring
anti-HCV treatment, orwith
detectablebut notquan-
tifiableHIV-RNA levels
<LLQ, or quantifiableHIV-
RNA≥LLQduring anti-HCV
withSOF/LDV (a) orwith
2D/3D (b). LLQ lower limit
of quantification,SOF so-
fosbuvir,LDV ledipasvir,
2D ritonavir boostedom-
bitasvir/paritaprevir,3D ri-
tonavir boostedombitasvir/
paritaprevir/dasabuvir

be explained by the low proportion of patients with
cirrhosis and longer treatment durations.

Notably, since RBV reduces quality of life by in-
ducing anemia [37] we abstained from prescribing
RBV. A recent review on anti-HCV therapy in patients
with cirrhosis concluded that RBV confers no addi-
tional benefit in most patients as it only marginally
increases SVR rates at the cost of increased adverse
events [38]. Interestingly, 3 (14.3%) and 4 (26.7%) pa-
tients had detectable HCV-RNA at the end of treat-
ment in the SOF/LDV and 2D/3D group, respectively.
In all but one case, HCV-RNA was below the lower
limit of quantification. All HIV/HCV coinfected pa-
tients with low but detectable HCV-RNA at the end
of treatment achieved SVR. Low levels of viremia as-
sessed by the Abbott RealTime HCV assay at later
stages of treatment have previously been reported;
however, this was deemed insignificant as it does not
predict treatment failure [39]. Further studies are war-
ranted to investigate the ideal treatment duration for
every patient as it was done in the IFN era [40].

A change in antiretroviral therapy was necessary in
the majority of patients receiving 2D/3D, as coadmin-
istration with NNRTIs and PIs is not recommended
[23]; however, ART remained unchanged in two pa-
tients receiving atazanavir and rilpivirine. A recent
study demonstrated that morning administration of
atazanavir exhibits no clinically relevant DDIs [41].
Coadministration with rilpivirine was well-tolerated
in healthy volunteers; however, this combination
is not recommended as the observed elevations in
rilpivirine levels raise the risk for AEs [42]. We chose
a regimen consisting of 2 NRTIs and an II, most com-
monly a combination of tenofovir disoproxil fumarate,
emtricitabine and dolutegravir. Due to expected DDIs
or potential for DDIs, ART was changed in about
40% of patients receiving SOF/LDV. In retrospect, this
might not have been necessary in most cases [23].

Only a minority of patients had an undetectable
HIV-RNA throughout anti-HCV treatment. We ob-
served a high number of HIV-RNA blips, defined as
HIV-RNA <LLQ; however, there was no difference in

the amount of viremia and blips in the clinical visits
prior to and during DAA treatment. Since HIV-RNA
blips are a common finding in HIV-infected patients
[43], they should not be over-interpreted as an indi-
cator for clinically relevant DDIs. Nevertheless, we
cannot exclude that minor DDIs contributed to the
frequency of low levels of detectable HIV viremia de-
spite ART during concomitant anti-HCV regimens.

A recent publication by Sulkowski raised the ques-
tion on whether HIV/HCV coinfected patients should
still be considered a special population in the era of
second generation DAAs, since SVR rates are simi-
lar to HCV monoinfected patients. Notably, he con-
cluded that the term is still warranted as this popu-
lation faces specific challenges including reinfection,
frequent drug interactions and the unanswered ques-
tion of shortened treatment durations [44]. While the
term ‘hard to cure’ is not justified anymore, we agree
that treating HIV/HCV coinfected patients in special-
ized centres is still a necessity to address these clinical
challenges.

Similar to previous studies [27, 28] we observed
a rapid decline in liver stiffness which is unlikely to
be explained by fibrosis regression due to the short
time frame. The exact nature of how HCV eradication
reduces liver stiffness remains unknown, yet possible
mechanisms were discussed in a previous study [28].
The observed improvements are not limited to liver
stiffness but also include effects on portal pressure.
Previous studies observed a significant reduction of
portal hypertension after SVR to IFN-based [45] and
IFN-free therapies [46, 47].

The European Association for the Study of the
Liver (EASL) recommends treatment of HIV/HCV
coinfected patients regardless of degree of fibrosis
especially in those at risk of transmitting HCV [9].
Historically, in Austria the majority of HIV/HCV coin-
fected patients remained untreated [10]. With the
approval of second generation DAAs the reason of
under-treatment has shifted frommedical contraindi-
cations and patient refusal to an economic dilemma.
Although treatment of patients with mild fibrosis but
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at high transmission risk is cost-effective [48], the
Austrian health insurance still employs strict criteria
for reimbursement to stick to the budget. Among
163 HIV/HCV coinfected patients who were referred
to the HIV & Liver Outpatient Clinic at the Medical
University of Vienna for evaluation of antiviral ther-
apy, 26 viremic HIV/HCV coinfected patients are now
‘waiting’ until liver disease progresses to fibrosis stage
F2 in order to become eligible for reimbursement of
IFN-free DAA therapy.

In summary, we achieved excellent SVR rates of
100% in a real-life cohort of HIV/HCV coinfected pa-
tients treated with SOF/LDV and 2D/3D. The ART was
changed prior to 2D/3D and SOF/LDV treatment in
a significant proportion of patients in order to avoid
expected DDIs. The HIV-RNA blips during DAA treat-
ment are common but should not be over-interpreted
as clinically significant DDIs. The HIV/HCV coin-
fected patients still represent a special population as
DDIs, as well as the prevention and management of
reinfections requires treatment at specialized centers.
Despite excellent SVR rates in clinical practice and
the EASL recommendation to prioritize treatment for
HIV/HCV coinfected patients regardless of fibrosis,
this is not yet the case in Austria. Thus, a large number
of patients at our outpatient clinic remain untreated
even though highly effective IFN-free DAA treatments
are available.

Acknowledgements Wewant to thankDrs. ArminRieger and
his team of the HIV outpatient clinical and Drs. Schalk, Pich-
ler and Hutterer as well as the Division of Immunology of the
OttoWagner Spital for referring their HIV patients for evalua-
tion of antiviral therapy.

Funding This work was in part supported by a grant from
theMedical Scientific Fund of theMajor of the City of Vienna
(14033) to M.M.

Open access funding provided by Medical University of Vi-
enna.

Conflict of interest T. Bucsics received travel support and
accomodation for congresses/training from AbbVie and
Gilead. P. Schwabl received payments for lectures from
Roche, Böhringer Ingelheim and Bristol-Myers Squibb and
travel support from AbbVie, Gilead, Janssen, and Roche.
M.Mandorfer receivedhonoraria for consulting fromJanssen,
payments for lectures from Boehringer Ingelheim, Bristol-
Myers Squibb, Janssen and Roche, as well as travel support
from AbbVie, Gilead, MSD and Roche. B. Scheiner received
travel support from Gilead. M.C. Aichelburg received hono-
raria for consulting from Gilead and MSD and travel support
fromAbbVie, Gilead andMSD. K.Grabmeier-Pfistershammer
received honoraria for consulting from Gilead, payments
for lectures from Bristol-Myers Squibb and ViiV, as well as
travel support from Bristol-Myers Squibb, Gilead and Glaxo-
SmithKline. P. Ferenci received grants fromGilead, MSD, and
Roche, as well as honoraria for board membership and con-
sulting from AbbVie, Boehringer Ingelheim, Bristol-Myers
Squibb, Gilead, Janssen, Idenix, MSD and Roche. M. Trauner
received grants from MSD, honoraria for consulting from
AbbVie, Gilead, Janssen and MSD, payments for lectures
from Gilead, MSD and Roche, as well as travel support from

Gilead. M. Peck-Radosavljevic received grants from Gilead,
MSD and Roche, honoraria for board membership and con-
sulting from AbbVie, Boehringer Ingelheim, Bristol-Myers
Squibb, Gilead, Janssen and MSD, as well as payments for
lectures from AbbVie, Boehringer Ingelheim, Bristol-Myers
Squibb, Gilead, Janssen, MSD and Roche. T. Reiberger re-
ceived payments for lectures from Roche, as well as travel
support from Gilead, MSD and Roche. S. Steiner declares
that he has no competing interests.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Bruggmann P, Berg T, Ovrehus AL, Moreno C, Brandao
MelloCE,Roudot-ThoravalF,etal. Historicalepidemiology
of hepatitis C virus (HCV) in selected countries. J Viral
Hepatitis. 2014;21(Suppl1):5–33.

2. UNAIDS. Country Progress Report Austria 2011
2011. wwwunaidsorg/sites/default/files/country/
documents//ce_AT_Narrative_Reportpdf. Accessed 12
Aug2016.

3. Peters L,Mocroft A, Lundgren J, GrintD, KirkO, Rockstroh
J. HIV and hepatitis C co-infection in Europe, Israel and
Argentina: a EuroSIDA perspective. BMC Infect Dis.
2014;14(Suppl6):S13.

4. Smith CJ, Ryom L, Weber R, Morlat P, Pradier C, Reiss P,
et al. Trends in underlying causes of death in people with
HIVfrom1999to2011(D:A:D):amulticohortcollaboration.
Lancet. 2014;384(9939):241–8.

5. Reiberger T, Ferlitsch A, Sieghart W, Kreil A, Breitenecker
F, Rieger A, et al. HIV-HCV co-infected patients with low
CD4+ cell nadirs are at risk for faster fibrosis progression
andportalhypertension. JViralHepat. 2010;17(6):400–9.

6. Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria
F, Coutellier A, et al. Liver fibrosis progression in
human immunodeficiency virus and hepatitis C virus
coinfected patients. The Multivirc Group. Hepatology.
1999;30(4):1054–8.

7. GrahamCS,BadenLR, YuE,Mrus JM,Carnie J,HeerenT, et
al. Influence of human immunodeficiency virus infection
onthecourseofhepatitisCvirus infection: ameta-analysis.
ClinInfectDis. 2001;33(4):562–9.

8. SimmonsB,SaleemJ,HeathK,CookeGS,Hill A. Long-term
treatment outcomes of patients infected with hepatitis C
virus: a systematic reviewandmeta-analysisof thesurvival
benefit of achieving a sustained virological response. Clin
InfectDis. 2015;61(5):730–40.

9. EASL. EASL Recommendations on Treatment of Hepatitis
C. JHepatol. 2015;63(1):199–236.

10. ReibergerT,ObermeierM,PayerBA,BaumgartenA,Weitner
L, Moll A, et al. Considerable under-treatment of chronic
HCVinfectioninHIVpatientsdespiteacceptablesustained
virological response rates in a real-life setting. Antivir Ther
(Lond). 2011;16(6):815–24.

11. Oramasionwu CU, Moore HN, Toliver JC. Barriers to
hepatitis C antiviral therapy in HIV/HCV co-infected
patients in the United States: a review. AIDS Patient Care
Stds. 2014;28(5):228–39.

12. GrintD,PetersL,Schwarze-ZanderC,BeniowskiM,Pradier
C, Battegay M, et al. Temporal changes and regional

524 Progress in eradication of HCV in HIV positive patients with significant liver fibrosis in Vienna K

http://creativecommons.org/licenses/by/4.0/


original article

differences in treatment uptake of hepatitis C therapy in
EuroSIDA.HIVMed. 2013;14(10):614–23.

13. Sulkowski M, Pol S, Mallolas J, Fainboim H, Cooper C,
Slim J, et al. Boceprevir versus placebo with pegylated
interferon alfa-2b and ribavirin for treatment of hepatitis
C virus genotype 1 in patients with HIV: a randomised,
double-blind, controlled phase 2 trial. Lancet Infect Dis.
2013;13(7):597–605.

14. Sulkowski MS, Sherman KE, Dieterich DT, Bsharat M,
Mahnke L, Rockstroh JK, et al. Combination therapy with
telaprevir for chronichepatitisCvirusgenotype1 infection
in patients with HIV: a randomized trial. Ann InternMed.
2013;159(2):86–96.

15. Scheiner B, Schwabl P, Steiner S, Bucsics T, Chromy D,
Aichelburg MC, et al. Interferon-free regimens improve
health-relatedquality of life and fatigue inHIV/HCV-coin-
fectedpatientswithadvancedliverdisease: Aretrospective
study.Medicine(Baltimore). 2016;95(27):e4061.

16. MandorferM,PayerBA,NiedereckerA, LangG,Aichelburg
MC, Strassl R, et al. Therapeuticpotential of and treatment
with boceprevir/telaprevir-based triple-therapy in HIV/
chronic hepatitis C co-infected patients in a real-world
setting. AidsPatientCareStds. 2014;28(5):221–7.

17. NaggieS,CooperC, SaagM,WorkowskiK, RuaneP, Towner
WJ, et al. Ledipasvir and Sofosbuvir for HCV in Patients
CoinfectedwithHIV-1.NEngl JMed. 2015;373(8):705–13.

18. Sulkowski MS, Eron JJ, Wyles D, Trinh R, Lalezari J,
Wang C, et al. Ombitasvir, paritaprevir co-dosed with
ritonavir,dasabuvir, andribavirinforhepatitisCinpatients
co-infected with HIV-1: a randomized trial. JAMA.
2015;313(12):1223–31.

19. GaneEJ,HylandRH,AnD,SvarovskaiaE,PangPS,Brainard
D,etal. Efficacyofledipasvirandsofosbuvir,withorwithout
ribavirin, for 12weeks inpatientswithHCVgenotype3or6
infection. Gastroenterology. 2015;149(6):1454–1461.e1.

20. HezodeC,AsselahT,ReddyKR,HassaneinT,BerenguerM,
Fleischer-StepniewskaK,etal.Ombitasvirplusparitaprevir
plus ritonavir with or without ribavirin in treatment-
naiveandtreatment-experiencedpatientswithgenotype4
chronichepatitisCvirusinfection(PEARL-I):arandomised,
open-label trial. Lancet. 2015;385(9986):2502–9.

21. Saeed S, Strumpf EC, Walmsley SL, Rollet-Kurhajec K,
Pick N, Martel-Laferriere V, et al. How generalizable are
the results from trials of direct antiviral agents to people
coinfectedwithHIV/HCV in therealworld? Clin InfectDis.
2016;62(7):919–26.

22. Burgess S, Partovi N, Yoshida EM, Erb SR, Azalgara VM,
Hussaini T. Drug interactions with direct-acting antivirals
forhepatitisC:implicationsforHIVandtransplantpatients.
AnnPharmacother. 2015;49(6):674–87.

23. Mandorfer M, Schwabl P, Steiner S, Reiberger T, Peck-
RadosavljevicM.AdvancesinthemanagementofHIV/HCV
coinfection.Hepatol Int. 2016;10(3):424–35.

24. Schwabl P, Bota S, Salzl P,MandorferM, PayerBA, Ferlitsch
A, et al. New reliability criteria for transient elastography
increase the number of accurate measurements for
screening of cirrhosis and portal hypertension. Liver Int.
2015;35(2):381–90.

25. Reiberger T, Ferlitsch A, Payer BA, Pinter M, Schwabl
P, Stift J, et al. Noninvasive screening for liver fibrosis
and portal hypertension by transient elastography – a
large single center experience. Wien Klin Wochenschr.
2012;124(11–12):395–402.

26. Macias J,CamachoA,VonWichmannMA,Lopez-CortesLF,
OrtegaE, TuralC, et al. Liver stiffnessmeasurement versus
liver biopsy to predict survival and decompensations of

cirrhosisamongHIV/hepatitisCvirus-coinfectedpatients.
AIDS.2013;27(16):2541–9.

27. SalmonD, Dabis F,Wittkop L, Esterle L, Sogni P, Trimoulet
P, et al. ANRS CO13HEPAVIH Cohort. Regression of liver
stiffness after sustainedhepatitis C virus (HCV) virological
responses among HIV/HCV-coinfected patients. AIDS.
2015;29(14):1821–30.

28. MandorferM, Schwabl P, Steiner S, Scheiner B, ChromyD,
Bucsics T, et al. Interferon-free treatmentwith sofosbuvir/
daclatasvir achieves sustained virologic response in 100%
ofHIV/hepatitisCvirus-coinfectedpatientswithadvanced
liverdisease. AIDS.2016;30(7):1039–47.

29. Mandorfer M, Kozbial K, Schwabl P, Freissmuth C,
SchwarzerR, SternR, et al. Sustainedvirologic response to
interferon-free therapies amelioratesHCV-inducedportal
hypertension. JHepatol. 2016;65(4):692–9. doi:10.1016/j.
jhep.2016.05.027.

30. Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup
E, Haaser M, et al. Prospective comparison of transient
elastography, Fibrotest, APRI, and liver biopsy for the
assessmentoffibrosisinchronichepatitisC.Gastroenterol-
ogy. 2005;128(2):343–50.

31. Hawkins C, Grant J, Ammerman LR, Palella F, McLaughlin
M, Green R, et al. High rates of hepatitis C virus
(HCV) cure using direct-acting antivirals in HIV/HCV-
coinfectedpatients: a real-worldperspective. JAntimicrob
Chemother. 2016;71(9):2642–5. doi:10.1093/jac/dkw203.

32. Lakshmi S, AlcaideM, PalacioAM, ShaikhomerM,Alexan-
derAL,Gill-WiehlG,etal. ImprovingHCVcurerates inHIV-
coinfectedpatients –a real-worldperspective. AmJManag
Care. 2016;22(6SpecNo.):Sp198–204.

33. Backus LI, Belperio PS, Shahoumian TA, Loomis TP, Mole
LA. Comparative effectiveness of ledipasvir/sofosbuvir
+/– ribavirin vs. ombitasvir/paritaprevir/ritonavir +
dasabuvir +/– ribavirin in 6961 genotype1patients treated
in routine medical practice. Aliment Pharmacol Ther.
2016;44(4):400–10.

34. Ioannou GN, Beste LA, Chang MF, Green PK, Lowey E,
Tsui JI, et al. Effectiveness of Sofosbuvir, Ledipasvir/
Sofosbuvir, or Paritaprevir/Ritonavir/Ombitasvir and
Dasabuvirregimensfor treatmentofpatientswithhepatitis
C in the veterans affairs national health care system.
Gastroenterology. 2016;151(3):457–471.e5.

35. Younossi ZM, Park H, Gordon SC, Ferguson JR, Ahmed
A, Dieterich D, et al. Real-world outcomes of ledipasvir/
sofosbuvir intreatment-naivepatientswithhepatitisC.Am
JManagCare. 2016;22(6SpecNo.):Sp205–211.

36. Backus LI, Belperio PS, Shahoumian TA, Loomis TP, Mole
LA. Real-world effectiveness of ledipasvir/sofosbuvir in
4,365 treatment-naive, genotype 1 hepatitis C-infected
patients.Hepatology. 2016;64(2):405–14.

37. Mandorfer M, Payer BA, Scheiner B, Breitenecker F,
Aichelburg MC, Grabmeier-Pfistershammer K, et al.
Health-related quality of life and severity of fatigue in
HIV/HCV co-infected patients before, during, and after
antiviral therapy with pegylated interferon plus ribavirin.
Liver Int. 2014;34(1):69–77.

38. Ferenci P, Kozbial K,MandorferM,HoferH.HCV targeting
ofpatientswithcirrhosis. JHepatol. 2015;63(4):1015–22.

39. Maasoumy B, Vermehren J, Welker MW, Bremer B, Perner
D, Honer Zu Siederdissen C, et al. Clinical value of on-
treatment HCV RNA levels during different sofosbuvir-
basedantiviral regimens. JHepatol. 2016;65(3):473–82.

40. FerenciP.Responseguidedtherapy inpatientswithchronic
hepatitisC–yesterday, todayandtomorrow. BestPractRes
ClinGastroenterol. 2012;26(4):463–9.

K Progress in eradication of HCV in HIV positive patients with significant liver fibrosis in Vienna 525

http://dx.doi.org/10.1016/j.jhep.2016.05.027
http://dx.doi.org/10.1016/j.jhep.2016.05.027
http://dx.doi.org/10.1093/jac/dkw203


original article

41. KhatriA,DuttaS,WangH,PodsadeckiT,TrinhR,AwniW,et
al. Evaluationof drug-drug interactionsbetweenhepatitis
C antiviral agents Ombitasvir, Paritaprevir/Ritonavir, and
Dasabuvir and HIV-1 Protease inhibitors. Clin Infect Dis.
2016;62(8):972–9.

42. Khatri A, Dutta S, Dunbar M, Podsadecki T, Trinh R, Awni
W, et al. Evaluation of drug-drug interactions between
direct-acting anti-hepatitis C virus combination regimens
and the HIV-1 Antiretroviral agents Raltegravir, Tenofovir,
Emtricitabine, Efavirenz, and Rilpivirine. Antimicrob
AgentsChemother. 2016;60(5):2965–71.

43. PernasB,GrandalM,PertegaS,CanizaresA,Castro-Iglesias
A,MenaA, etal. Any impactofblipsand low-level viraemia
episodes among HIV-infected patients with sustained
virological suppression on ART? J AntimicrobChemother.
2016;71(4):1051–5.

44. Sulkowski MS. HCV-HIV co-infected patients: no longer
a‘special’population? Liver Int. 2016;36(Suppl1):43–6.

45. Reiberger T, Payer BA, FerlitschA, SieghartW, Breitenecker
F, Aichelburg MC, et al. A prospective evaluation of
pulmonary, systemic andhepatichaemodynamics inHIV-
HCV-coinfectedpatients beforeandafter antiviral therapy
with pegylated interferon and ribavirin. Antivir Ther
(Lond). 2012;17(7):1327–34.

46. Mandorfer M, Kozbial K, Schwabl P, Freissmuth C,
SchwarzerR, SternR, et al. Sustainedvirologic response to
interferon-free therapies amelioratesHCV-inducedportal
hypertension. JHepatol. 2016;65(4):692–9.

47. Schwabl P, Mandorfer M, Steiner S, Scheiner B, Chromy
D, Herac M, et al. Interferon-free regimens improve
portal hypertension and histological necroinflammation
inHIV/HCVpatientswith advanced liver disease. Aliment
PharmacolTher. 2016;45(1):139–49.

48. Martin NK, Vickerman P, Dore GJ, Grebely J, Miners A,
Cairns J, etal. PrioritizationofHCVtreatment in thedirect-
acting antiviral era: An economic evaluation. J Hepatol.
2016;65(1):17–25.

526 Progress in eradication of HCV in HIV positive patients with significant liver fibrosis in Vienna K


	Progress in eradication of HCV in HIV positive patients with significant liver fibrosis in Vienna
	Summary
	Introduction
	Patients, materials and methods
	Study population
	Assessed parameters
	HIV therapy
	HCV therapy
	Liver stiffness measurement
	Statistics
	Ethics

	Results
	Patient characteristics
	Safety
	Change in liver stiffness
	HIV suppression during therapy

	Discussion
	References


