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Abstract

Background: Current German and European HIV guidelines recommend early evaluation of HCV treatment in all
HIV/HCV co-infected patients. However, there are still considerable barriers to initiate HCV therapy in everyday clinical
practice. This study evaluates baseline characteristics, “intention-to-treat” pattern and outcome of therapy of HCV/HIV
co-infected patients in direct comparison to HCV mono-infected patients in a “real-life” setting.

Methods: A large, single-center cohort of 172 unselected HCV patients seen at the Infectious Diseases Unit at the
University Medical Center Hamburg-Eppendorf from 2000–2011, 88 of whom HCV/HIV co-infected, was retrospectively
analyzed by chart review with special focus on demographic, clinical and virologic aspects as well as treatment outcome.

Results: Antiviral HCV combination therapy with PEG-interferon plus weight-adapted ribavirin was initiated in 88/172
(52%) patients of the entire cohort and in n = 36 (40%) of all HCV/HIV co-infected patients (group A) compared to n = 52
(61%) of the HCV mono-infected group (group B) (p = 0.006). There were no significant differences of the demographics
or severity of the liver disease between the two groups with the exception of slightly higher baseline viral loads in group
A. A sustained virologic response (SVR) was observed in 50% (n = 18) of all treated HIV/HCV co-infected patients versus
52% (n = 27) of all treated HCV mono-infected patients (p = 0.859). Genotype 1 was the most frequent genotype in both
groups (group A: n = 37, group B: n = 49) and the SVR rates for these patients were only slightly lower in the group of
co-infected patients (group A: n = 33%, group B: 40% p = 0.626). During the course of treatment HCV/HIV co-infected
patients received less ribavirin than mono-infected patients.

Conclusion: Overall, treatment was only initiated in half of the patients of the entire cohort and in an even smaller
proportion of HCV/HIV co-infected patients despite comparable outcome (SVR) and similar baseline characteristics. In the
light of newer treatment options, greater efforts to remove the barriers to treatment that still exist for a great proportion
of patients especially with HIV/HCV co-infection have to be undertaken.
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Background
In HIV infected patients, liver-related disease has emerged
as a leading cause of morbidity and mortality. The preva-
lence of HCV/HIV co-infection in the HIV population
ranges from 10 to up to 50% [1,2]. On the other hand,
HIV co-infection may worsen the course of hepatitis C
infection, leading to faster progression of liver fibrosis
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and cirrhosis, liver failure and development of hepato-
cellular carcinoma (HCC) [3]. Successful treatment of
chronic hepatitis C infection has been shown to stop fi-
brosis progression, prevent liver-associated diseases and
mortality of co-infected patients [4]. Therefore, current
German and European HIV guidelines recommend early
evaluation of all HIV/HCV co-infected patients for pos-
sible HCV treatment. In general, HCV genotype, liver
fibrosis, IL-28 haplotypes and quantitative HCV RNA
are important baseline predictors of SVR [5]. Demo-
graphic factors, histological parameters and treatment
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Table 1 Baseline characteristics of patient cohort

Characteristics Group A: HCV/
HIV co-infected

patients

Group B: HCV
mono-infected

patients

p-values

Patients, n 88 84 0.666

Age (y), mean (min./max.) 45 (26/64) 45 (20/72) 0.763

Sex, male/female (%) 66/22 (75/25) 52/32 (61/38) 0.092

Genotype, n (%)

1 37/88 (42) 49/84 (58) 0.033

2 3/88 (3) 9/84 (10) 0.060

3 25/88 (28) 15/84 (17) 0.102

4 2/88 (2) 5/84 (5) 0.222

Unknwon 21/88 (23) 6/84 (7) 0.003

Liver biopsy, n (%) 17/88 (19) 36/84 (42) 0.001

Fibrosis F3 – F4, n (%) 6/17 (35) 10/36 (27) 0.251

HCV RNA in IU/ml, mean 4 714 165 3 453 862 0.487

(min./max.) (3/9 × 107) (3/3 × 107)

HCV RNA > 800 000,
n (%)

66/88 (75) 32/84 (38) 0.001

HCV RNA < 800 000,
n (%)

22/88 (25) 52/84 (61) 0.001

Alanine transaminase
in U/l, mean (min./max.)

78 (3/526) 105 (15/610) 0.098

Start of heptitis C therapy,
n (%)

36 (40) 52 (61) 0.006

Liver biopsy, n (%) 10 (27) 27 (51) 0.024

(Fibrosis F3 – F4, n (%) 5 (13) 8 (29) 0.846

HCV RNA in IU/ml, mean 4 799 700 3 222 000 0.530

(min./max.) (800/9 × 107) (3/2 × 107)

HCV RNA> 800 000, n (%) 12 (33) 21 (40) 0.502

HCV RNA< 800 000, n (%) 24 (66) 31 (59) 0.502

Alanine transaminase
in U/l, mean (min./max.)

94 (29/526) 120 (18/610) 0.321

Duration of therapy in
weeks, mean (min./max.)

33 (1/152) 36 (10/128) 0.496

Ribavirin (weight adapted)
in mg/week, mean

5764,28 7567,2 0.027

Peg-Interferon-alfa 2a, n (%) 27/36 (75) 41/52 (78) 0.672

Peg-Interferon-alfa 2b, n (%) 0/36 (0) 3/52 (5) 0.143

Non-peg-Interferon, n (%) 3/36 (8) 0/52 (0) 0.034
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related factors can also effect the response to treatment,
but in general more than 50% of naïve mono-infected pa-
tients will achieve sustained virologic response (SVR) with
the current standard therapy (pegylated interferon plus
ribavirin) [6,7]. Two large registration trials have shown
lower sustained virologic response rates (SVR) for dual
therapy in HIV/HCV co-infected patients (~33%) com-
pared to mono-infected patients (47-54%) [8-12]. Higher
baseline HCV RNA levels and lower initial ribavirin doses
are quoted as possible explanation for the lower SVR seen
in co-infected patients [13]. Recent data suggest that
higher ribavirin doses are safe and well-tolerated in co-
infected patients [14]. Intensified, response guided dual
therapy can significantly increase the SVR in co-infected
patients [15]. However, less is known about the “real life”
treatment outcome of co-infected patients [15].
Great advances have been made with the introduction

of the protease inhibitors boceprevir, telaprevir and
simeprevir as well as the polymerase inhibitor sofosbuvir
that have also been approved for triple therapy in HIV/
HCV co-infection [16]. SVR rates of more than 80% have
been reported for the triple therapy of naïve patients re-
gardless of the HIV status [16-18].
Despite the unfavorable course of hepatitis C co-

infection in HIV positive patients, not all patients are re-
ferred to specialists for evaluation for HCV treatment
[19]. Furthermore, anti-HCV treatment is only initiated
in a subset of all patients for various reasons (e.g. sub-
stance abuse, social and psychiatric issues, fear of side
effects or drug-drug interactions especially in patients
on ART or anticipated low chance of SVR) even in spe-
cialized centers [20].
In this “real life” single center study we aimed to

summarize the experience and pitfalls of standard dual
HCV therapy over the last decade and analyze baseline
characteristics, treatment rates and patterns, and out-
come of therapy in a German cohort of HCV/HIV co-
infected patients. A similar and unselected group of
HCV mono-infected patients treated at the same center
was evaluated in direct comparison.

Methods
Study population and laboratory markers
88 HIV-seropositive and 84 HIV-seronegative, unpaired,
unmatched and unselected treatment-naïve patients with
chronic HCV infection were enrolled into this mono-
center, retrospective cohort study. All patients presented at
the Infectious Diseases Outpatient Clinic of the University
Medical Center Hamburg-Eppendorf, Germany in the time
period from 2000 – 2011 -before directly acting antivirals
(DAA’s) became readily available for the treatment of
HIV/HCV co-infection. The center is a tertiary care
referral center for HIV antiretroviral and HCV antiviral
therapy in Germany.
Primary end point of the study was defined as sustained
viral response (SVR) by intention-to-treat analysis. Pa-
tient charts were analyzed regarding demographics, clin-
ical data (stage of HIV infection; stage of liver fibrosis;
therapy regimes and duration; reasons for treatment dis-
continuation; response to treatment; side effects) as well
as laboratory measures such as: HCV genotype; HCV
RNA at different time points; HIV RNA; CD4+ T cell
count and CD4+/CD8+ ratio at baseline. An assessment
of Il28B polymorphisms was not routinely performed
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Figure 1 Mode of transmission of hepatitis C Infection.
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during this time period as a standard of care procedure
[21]. Hemoglobin levels of both groups were compared
at different time points to identify the correlation be-
tween treatment response and ribavirin dosage as well as
to understand whether co-infected patients have a higher
risk of developing anemia under HCV therapy [22].

Definitions
SVR was defined as an undetectable HCV RNA, 24 weeks
after end of treatment. A rapid virologic response (RVR),
17
patie

88 HCV/HIV co-infected
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Table 2 Response to HCV therapy

Response to HCV
therapy

Group A: HCV/HIV
co-infected
patients

Group B: HCV
mono-infected

patients

p-values

SVR all, n (%) 18/36 (50) 27/52 (52) 0.860

RVR, n (%) 9/36 (25) 17/52 (32) 0.440

EVR, n (%) 6/36 (17) 7/52 (13) 0.677

SVR GT 1, n (%) 5/15 (33) 11/27 (40) 0.626

SVR GT 2, n (%) 1/2 (50) 7/8 (87) 0.356

SVR GT 3, n (%) 9/14 (64) 7/12 (58) 0.756

SVR GT 4, n (%) 1/1 (100) 2/4 (50) 0.600

GT unknown, n (%) 2/36 (5) 0/52 (0) 0.809

SVR GT 1 + 4, n (%) 6/16 (37) 13/31 (41) 0.770

SVR GT 2 + 3, n (%) 10/16 (62) 14/20 (70) 0.636

Discontinuation of
therapy, n (%)

3/36 (12) 4/52 (7) 0.305

Breakthrough
infection, n (%)

1/36 (2) 0/52 0.410

Non-response, n (%) 5/36 (13) 3/52 (5) 0.130

Relapse, n (%) 7/36 (19) 9/52 (17) 0.482

Unknown, n (%) 2/36 (5) 9/52 (17) 0.105

SVR HAART treated
patients, n (%)

14/29 (48) n.a. n.a.

SVR non-HAART treated
patients, n (%)

4/7 (57) n.a. n.a.

SVR CD4 Nadir > 200/μl,
n (%)

9/18 (50) n.a. n.a.

SVR CD4 Nadir < 200/μl,
n (%)

9/18 (50) n.a. n.a.
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HCV RNA from baseline until week 12. The stage of HIV
infection was defined according to the Center of Disease
Control (CDC) – classification, version 1993 [23].

Statistical analysis
Continuous variables are presented as the mean and
standard deviation and categorical parameters are shown
as the median and range. The x2 test and Mann-
Withney U test were used for analysis of categorical data
and of continuous data, respectively. A p value <0.05 was
considered to denote statistical significance. Multiple re-
gression analysis was performed to identify co-variables
that might have independently impacted the start of hepa-
titis C treatment.

Results
Here, we present treatment results of an unsponsored,
single-center study of a German cohort of HIV-negative
and HIV-infected patients with chronic HCV infection.
We analyzed a total number of 172 treatment-naïve

patients with chronic hepatitis C (genotype 1-4) infection.
88 patients were HIV/HCV co-infected (group A), 84 pa-
tients were HCV mono-infected (group B) (Table 1).
There were no significant differences or relative shifts

of the demographics or genotype distributions.
In both groups rates of advanced fibrosis were low

(Fibrosis F3 – F4, n (%): 6 (35) versus 10 (27), p = 0.251),
however relative fewer liver biopsies were performed
in co-infected patients (p < 0.001) (Table 1). While the
mean viral load were similar in both groups, more pa-
tients with co-infection (n = 66, 75%) had high viral loads
(>800 000 IU/ml) than mono-infected patients (n = 32,
38%) (p < 0.001).
The reported mode of HCV transmission did not dif-

fer between groups, with IVDU being the greatest risk
factor (Figure 1). The probable mode of HCV transmis-
sion was not reported in more patients with mono-
infection than co-infection (38% versus 21%) (Table 1).
A total of 36 (40%) HCV/HIV co-infected patients

started anti-HCV therapy with standard combination
treatment regimen with either PEG-IFN alpha 2a or PEG-
IFN alpha 2b (weight adapted) for 48 weeks (genotype 1
and 4) or 24 weeks (genotypes 2 and 3) and weight-
adapted ribavirin doses of 800-1400 mg, respectively,
compared to n = 52 (61%) of mono-infected patients
(p = 0.006). Figure 2 summarizes the allocation of treat-
ment and follow-up.
The safety and tolerability of HCV treatment was gen-

erally good in both groups and there were no significant
differences in discontinuation of therapy. However, only
2/36 (5%) co-infected patients but 9/52 (17%) mono-
infected patients were lost to follow-up (p = 0.105).
Overall, SVR rates were comparable in both groups

(group A: 18/36 [50%]; group B: 27/52 [52%] (p = 0.859,
ns) (Table 2). There were also no differences detected
for any of the genotypes (GT) 1 through 4 (GT1: 5/15
[33%] versus 11/27 [40%], GT2 1/2 [50%] versus 7/8
[87%], GT3 9/14 [64%] versus 7/12 [58%], GT4 1/1
[100%] versus 2/4 [50%]). Notably, we neither observed
any significant differences of the early virologic response
rates, the relapse rates nor differences of the rate of side
effects in either group (Table 2). Of note, ART-naïve pa-
tients had similar SVR rates compared with those of
ART-treated patients (48% versus 57%, respectively). SVR
rates were identical for HIV-positive patients with nadir
CD4+ T cell counts of 200/μl and above compared to
those under 200/μl (Table 2). However, the numbers in
these subgroups were too low to conduct a valid statis-
tical analysis.
We did not find differences in the SVR rates over time

in patients treated in the first half in comparison to the
second half of the decade (data not shown).
The decrease of hemoglobin levels showed no significant

differences during the treatment course in both groups
(Figure 3). However, group A received a lower cumulated
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dose of weight-adapted ribavirin than group B (5764,2 mg/
week versus 7567,2 mg/week; p = 0,027).
We also compared the demographic and clinical char-

acteristics of the mono and co-infected patients who re-
ceived treatment or were not treated (Tables 3 and 4).
Surprisingly, there were few differences between these
groups. Indeed, for the mono-infected patients, there was
not a single characteristic significantly different (Table 4).
In the group of co-infected patients, there were also few

differences between the patients who were treated versus
treatment naïve patients. In the univariate analysis ad-
vanced age (p = 0.04), high CD4+ T cell counts (absolute
p < 0.001, relative p = 0.001), a higher mean CD4+/CD8+
ratio (p = 0.001), lower HIV RNA levels (p = 0.015) and
thus a CDC classification A1 – A3 (p = 0.005), were asso-
ciated with the start of HCV treatment in the group of co-
infected patients (Table 3). However, multiple regression
analysis could not confirm any of those variables as inde-
pendent predictors for the initiation of HCV treatment in
both groups (data not shown).
80% (n = 29) of the co-infected patients receiving anti-

HCV treatment were on concurrent HAART. In con-
trast, none of the HCV untreated patients with HIV/
HCV co-infection were on concurrent HAART.

Discussion
Due to the enhanced risk of rapid progression of liver
disease, higher incidence of liver-related complications
and higher overall mortality, it is recommended that every
HIV/HCV co-infected patient should be evaluated for early
HCV treatment [4]. In the present study, we evaluated the
treatment decisions and clinical course of HCV/HIV co-
infected patients in a real-life treatment setting in a large
Northern German university-based cohort in direct com-
parison to an unselected group of unmatched mono-
infected patients treated by the same group of providers.
The first surprising finding is that overall treatment

was initiated in only half (88/172) of patients in the en-
tire cohort. Overall SVR was achieved in only 45/88
(51%) of these patients regardless of HIV co-infection
status. Our results are in agreement with the results of
studies from different parts of the world that show that
only a small proportion of the total HCV infected pa-
tient population is subjected to treatment and even less
are successfully treated [24]. Extrapolating this low num-
ber of total successful treatment initiation would have
enormous public health consequences [25-27].
This situation might be even worse given the more

rapid progression to end stage liver disease in patients
co-infected with HCV and HIV [1]. In our current co-
hort analysis the baseline characteristics of the mono-
and co-infected patients with HCV did not differ with
regard to stage and severity of liver disease with most
patients (group A n = 11; 65% versus group B n = 26; 72%)
displaying an early stage of disease (Fibrosis F1- F2). We
observed an overall SVR rate of 50% for all genotypes in
group A, which is comparable to SVR rates found in
randomized clinical trials of peg-INF and ribavirin in



Table 3 Baseline characteristics of HCV/HIV co-infected patients (HCV treated versus untreated)

Characteristics Group A: HCV/HIV co-infected patients,
treated (n = 36)

Group B: HCV/HIV co-infected patients,
untreated (n = 52)

p-values

Age, mean (min./max.) 47 (26/64) 45 (27/61) 0.040

Sex, male/female (%) 26/10 (72/28) 40/12 (77/23) 0.617

Genotype, n (%)

1 15 (42) 22 (42) 0.952

2 2 (6) 1 (2) 0.356

3 14 (39) 11 (21) 0.070

4 1 (2) 1 (2) 0.791

Unknown 4 (11) 17 (33) 0.020

Transmission of HCV, n (%)

IVDU 21 (58) 37 (71) 0.212

Transfusion 4 (11) 3 (6) 0.363

Needlestick injury 0 (0) 0 (0) n.a.

Tatoo 0 (0) 0 (0) n.a.

Sex 1 (3) 3 (6) 0.508

Unknown 10 (28) 9 (17) 0.241

CDC Classification, n (%)

A1 – A3 13 (36) 10 (19) 0.005

B1 – B3 9 (25) 7 (13) 0.168

C1 – C3 9 (25) 22(42) 0.059

Unknown 5 (13) 14 (26) 0.144

Liver biopsy, n (%) 7/36 (19) 5/52 (9) 0.186

Fibrosis F3 – F4, n (%) 5/7 (71) 1/5 (20) 0.029

HCV RNA in IU/ml, mean (min./max.) 4800 000 (800/9 × 107) 4 713 000 (3/6 × 107) 0.965

CD4 Count absolute, mean 553,1 396,73 0.001

CD4 Count > 200/μl, n (%) 25 (69) 21 (40) 0.007

CD4 Count < 200/μl, n 2 (3,5) 16 (30) 0.004

CD4 Count unknown, n (%) 7 (19) 15 (28) 0.317

CD4 Count relative, mean 27,9 22,2 0.001

CD4 Nadir in cells/μl, mean 208 194 0.689

CD4/CD8 Ratio, mean 0,67 0,49 0.001

HIV RNA in copy/ml, mean (minimum/maximum) 9 850 (3/16 × 104) 71 180 (3/12 × 105) 0.015

HIV Treatment, n (%) 29 (36) 0 (0) n.a.

NRTI, n (%) 20/29 (68) n.a. n.a.

NNRTI, n (%) 18/29 (62) n.a. n.a.

PI, n (%) 12/29 (41) n.a. n.a.

Intregrase Inh., n (%) 2/29 (6) n.a. n.a.

Entry Inh., n (%) 0 (0) n.a. n.a.
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HCV/HIV co-infected patients (27% to 40%) [11,12,28].
However, the SVR rates in mono-infected patients (52%)
are slightly lower than those reported by a real-life cohort
study of mono-infected patients treated by gastroenterol-
ogists at the same institution in the same time span
(60,9%) [7]. The reasons for these differences are not
clear, but we have to keep in mind that the ID clinic is at-
tending for international patients, who might have different
IL-28 haplotypes [7]. Also, it has to be noted that 9/84 of
the mono-infected patients were lost to follow-up.
The majority of patients received PEG interferon alpha

2a [29], three patients who were treated early in 2000



Table 4 Baseline characteristics of HCV mono-infected
patients (HCV treated versus untreated)

Characteristics Group A: HCV
mono-infected
patients, treated

(n = 52)

Group B: HCV
mono-infected

patients, untreated
(n = 32)

p-values

Age, mean (min./max.) 44 (22/65) 48 (20/72) 0.112

Sex, male/female (%) 34/18 (65/35) 17/15 (53/47) 0.264

Genotype, n (%)

1 27 (52) 22 (69) 0.129

2 8 (15) 1 (3) 0.078

3 12 (23) 3 (9) 0.111

4 4 (8) 1 (3) 0.390

Unknown 1 (2) 5 (16) 0.018

Transmission, n (%)

IVDU 28 (54) 14 (44) 0.369

Transfusion 2 (4) 4 (13) 0.135

Needlestick injury 2 (4) 1 (3) 0.863

Tatoo 2 (4) 0 (0) 0.262

Unknown 18 (35) 13 (41) 0.579

HCV RNA in IU/ml,
mean (min./max.)

3 222 000
(3/2 × 107)

3 810 000
(3/3 × 107)

0.698

Liver biopsy, n (%) 27/52 (51) 9/32 (28) 0.032

Fibrosis F3 – F4,
n (%)

8/27 (29) 2/9 (22) 0.209
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still received conventional non-pegylated interferon. New
direct-acting antiviral agents for hepatitis C genotype 1 in-
fection, such as boceprevir, telaprevir or simeprevir as well
as sofosbuvir [17,18,30,31], were not approved yet during
the analysed timeperiod.
Despite the satisfactory outcome and an acceptable

safety profile, hepatitis C therapy was overall only initi-
ated in half of the patients and even less frequently initi-
ated in HCV/HIV co-infected patients than in HCV
mono-infected patients (40% vs. 62%) (p = 0.006) despite
the lack of an absolute contraindication according to the
chart review in the majority of patients. Reiberger et al.
[24] previously also reported a considerable undertreat-
ment of chronic HCV infection in HCV/HIV co-infected
patients in a large multicenter study. While our retrospect-
ive mono-center study has many limitations that we are
aware of, it resembles a “real-life” setting allowing for an
evaluation of attitudes towards HCV treatment initiation
of the same infectious disease specialists in mono- versus
co-infected HCV patients. In our cohort HCV/HIV co-
infected patients received less frequently HCV treatment
compared to HCV mono-infected patients (p = 0.006) des-
pite being seen by the same specialized ID staff.
Further studies have to look into the reasons of treat-

ment deferral that could range from a potential contra-
indication to interferon treatment like depression, anemia
or other psychiatric illnesses, or possible objections against
treatment initiation because of suspected non adherence
and fears from the (co-infected) patient’s perspective, as
well as relative lower motivation to initiate treatment from
the provider perspective because of the fear of inducing
severe side effects or the (assumed) lower SVR rates in co-
infected patients [32]. Anecdotally, when confronted with
the results of the current study the treating ID specialists
were surprised by the high SVR rates seen in co-infected
patients -especially for the patients that were not on
HAART or with lower CD4+ T cell counts. In a follow up
study we plan to assess the provider and patient atti-
tudes towards HCV treatment in mono versus co-infected
patients by using standardized questionnaires to better
understand the barriers to treatment initiation.
Interestingly, in the group of untreated co-infected pa-

tients, all patients were HAART naïve. While deferral of
HAART treatment might be an indicator for problems
of adherence, it is still interesting that only a minority of
patients without concurrent HAART regimes received
HCV therapy and these patients showed excellent SVR
rates. Although guidelines generally recommend select-
ing patients for HCV treatment whose CD4+ T cell
count is high, no study of pegylated interferon plus riba-
virin has shown a significant association between CD4+
T cell count less than 350/μl at treatment initiation and
SVR to date [33,34]. However, the notion that HCV
treatment should only be performed in patients who are
on concurrent HAART is a very strong held belief and
might be a potential barrier for initiating HCV treatment
in HIV co-infection.
Despite comparable rates of development of anemia,

HCV/HIV co-infected patients received less ribavirin
than mono-infected patients during the course of treat-
ment (5764,3 mg/week versus 7567,2 mg/week; p = 0.027),
which may have contributed to the slightly lower SVR rates
in co-infected patients (50% versus 52%) [12,15].
It seems that treating physicians are more reluctant to

use appropriate weight adapted ribavirin dosages in
HCV patients co-infected with HIV. However, this treat-
ment pattern was not warranted since baseline hemoglobin
levels were comparable in both patient groups (group A:
14,6 g/dl versus group B: 14,5 g/dl) (Figure 3).
In our analysis, HCV treatment was only initiated in

half of the patients of the entire cohort at a University
based Infectious Diseases Center. Extrapolating these re-
sults for Germany, and taking into account the large
proportion of patients who statistically do not clear
HCV even after one or several courses of therapy is con-
sidered, a great number of HIV/HCV co-infected pa-
tients are still in need of efficient antiviral treatment
even after one decade of dual combination therapy.
Altogether greater efforts to understand and potentially
to remove the (provider as well as patient) barriers to
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evaluation and treatment that still exist for a great pro-
portion of patients have to be undertaken [19,27].
Limitations to our study include the relatively small

number of patients, its retrospective design and an unequal
proportion of men and women in the study population.
For similar reasons we also abstained from performing
more elaborate statistical tests like multivariate analysis.
The lack of data on IL28B genotypes is another limita-

tion to the study. A recent study at our center in mono-
infected patients showed that our center attends only a
small number of patients with Asian or African origin
and approximately 20% of patients show a CC haplotype,
60% a C/T haplotype and 20% the T/T haplotype
(unpublished data). We would assume similar proportions
of Il28B haplotypes in our co-infected patients, however
cannot exclude the possibility of higher rates of patients
with a T/T haplotype as discussed above.
We conclude that overall HCV treatment was only

initiated in half of the cohort and even in a smaller
proportion of HCV/HIV co-infected patients despite
satisfactory outcome and similar baseline characteristics.
In the light of newer treatment options [17,18,30,31],
greater efforts to understand the barriers to treatment that
still exist for a great proportion of patients have to be
undertaken especially in patients co-infected with both vi-
ruses. Additionally, further efforts have to be undertaken
to implement the national and international HIV and
HCV guidelines to real life practice. Larger prospective
studies are needed to confirm our findings in view of
newer treatment option including directly acting antivirals
(DAA) for HCV infection.

Competing interest
The authors declare that they have no competing interests.

Authors’ contribution
The work presented here was carried out in collaboration between all
authors. JvL and JSzW defined the research theme. CB, MH, JSzW, JvL
conceived and designed the study. CB, MH, JJ, JSzW and JvL analyzed the
data and interpreted the results. CB and JSzW wrote the first draft. JvL gave
important input to the manuscript. BO performed the statistical analysis. SS,
SH, OD and SL were involved in patient treatment and patient follow-up. All
authors read and approved the final manuscript.

Acknowledgements
We thank the patients for participating in this study. JvL, JSzW and CB get
funding by the “Deutsches Zentrum für Infektionsforschung (DZIF)”. CB also
got funding by the “Deutsche Leberstiftung”. JSzW is funded by the DFG
(SFB841, A6).

Received: 20 August 2013 Accepted: 17 June 2014
Published: 1 July 2014

References
1. Rosenthal E, Pialoux G, Bernard N, Pradier C, Rey D, Bentata M, Michelet C,

Pol S, Perronne C, Cacoub P: Liver-related mortality in human-
immunodeficiency-virus-infected patients between 1995 and 2003
in the French GERMIVIC Joint Study Group Network (MORTAVIC
2003 Study). J Viral Hepat 2007, 14:183–188.
2. Bica I, McGovern B, Dhar R, Stone D, McGowan K, Scheib R, Snydman DR:
Increasing mortality due to end-stage liver disease in patients with human
immunodeficiency virus infection. Clin Infect Dis 2001, 32:492–497.

3. Poynard T, Mathurin P, Lai CL, Guyader D, Poupon R, Tainturier MH,
Myers RP, Muntenau M, Ratziu V, Manns M, Vogel A, Capron F, Chedid A,
Bedossa P: A comparison of fibrosis progression in chronic liver
diseases. J Hepatol 2003, 38:257–265.

4. Berenguer J, Alvarez-Pellicer J, Martin PM, Lopez-Aldeguer J, Von-Wichmann MA,
Quereda C, Mallolas J, Sanz J, Tural C, Bellon JM, Gonzalez-Garcia J: Sustained
virological response to interferon plus ribavirin reduces liver-related
complications and mortality in patients coinfected with human
immunodeficiency virus and hepatitis C virus. Hepatology 2009,
50:407–413.

5. Lindh M, Arnholm B, Eilard A, Farkkila M, Hellstrand K, Lagging M,
Langeland N, Morch K, Nilsson S, Pedersen C, Buhl MR, Wahlberg T,
Wejstal R, Westin J, Norkrans G: Hepatitis C treatment response
kinetics and impact of baseline predictors. J Viral Hepat 2011,
18:400–407.

6. Kau A, Vermehren J, Sarrazin C: Treatment predictors of a sustained
virologic response in hepatitis B and C. J Hepatol 2008, 49:634–651.

7. Schulze Zur Wiesch J, Pudelski N, Hoepner L, Supplieth M, Buggisch P,
Lohse AW, Luth S: “Real-Life” comparison of pegylated-interferon 2a
versus 2b combination therapy of chronic hepatitis C virus. Hepatology
2011, 53:1405–1406. author reply 1407.

8. Hadziyannis SJ, Sette H Jr, Morgan TR, Balan V, Diago M, Marcellin P,
Ramadori G, Bodenheimer H Jr, Bernstein D, Rizzetto M, Zeuzem S, Pockros PJ,
Lin A, Ackrill AM: Peginterferon-alpha2a and ribavirin combination therapy in
chronic hepatitis C: a randomized study of treatment duration and ribavirin
dose. Ann Intern Med 2004, 140:346–355.

9. Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M, Reindollar R,
Goodman ZD, Koury K, Ling M, Albrecht JK: Peginterferon alfa-2b plus
ribavirin compared with interferon alfa-2b plus ribavirin for initial
treatment of chronic hepatitis C: a randomised trial. Lancet 2001,
358:958–965.

10. Shire NJ, Welge JA, Sherman KE: Response rates to pegylated interferon
and ribavirin in HCV/HIV coinfection: a research synthesis. J Viral Hepat
2007, 14:239–248.

11. Chung RT, Andersen J, Volberding P, Robbins GK, Liu T, Sherman KE, Peters MG,
Koziel MJ, Bhan AK, Alston B, Colquhoun D, Nevin T, Harb G, van der Horst C:
Peginterferon Alfa-2a plus ribavirin versus interferon alfa-2a plus
ribavirin for chronic hepatitis C in HIV-coinfected persons. N Engl J
Med 2004, 351:451–459.

12. Torriani FJ, Rodriguez-Torres M, Rockstroh JK, Lissen E, Gonzalez-Garcia J,
Lazzarin A, Carosi G, Sasadeusz J, Katlama C, Montaner J, Sette H, Jr Passe S,
De Pamphilis J, Duff F, Schrenk UM, Dieterich DT: Peginterferon Alfa-2a
plus ribavirin for chronic hepatitis C virus infection in HIV-infected
patients. N Engl J Med 2004, 351:438–450.

13. Nunez M, Marino A, Miralles C, Berdun MA, Sola J, Hernandez-Burruezo JJ,
Galindo MJ, Barreiro P, Martin-Carbonero L, Soriano V: Baseline serum
hepatitis C virus (HCV) RNA level and response at week 4 are the
best predictors of relapse after treatment with pegylated interferon
plus ribavirin in HIV/HCV-coinfected patients. J Acquir Immune Defic
Syndr 2007, 45:439–444.

14. Jalali Z, Rockstroh JK: Antiviral drugs and the treatment of hepatitis C.
Curr HIV/AIDS Rep 2012, 9:132–138.

15. Vogel M, Ahlenstiel G, Hintsche B, Fenske S, Trein A, Lutz T, Schurmann D,
Stephan C, Khaykin P, Bickel M, Mayr C, Baumgarten A, Buggisch P, Klinker H,
John C, Golz J, Staszewski S, Rockstroh JK: The influence of HAART on the
efficacy and safety of pegylated interferon and ribavirin therapy for the
treatment of chronic HCV infection in HIV-positive Individuals. Eur J Med Res
2010, 15:102–111.

16. Sulkowski MS: HCV therapy in HIV-infected patients. Liver Int 2013,
33(Suppl 1):63–67.

17. Manns MP, von Hahn T: Novel therapies for hepatitis C - one pill fits all?
Nat Rev Drug Discov 2013, 12:595–610.

18. Sulkowski MS, Rodriguez-Torres M, Lalezari J, Fessel WJ, Mounzer K,
Shuhart M: All-Oral Therapy With Sofosbuvir Plus Ribavirin For the
Treatment of HCV Genotype 1, 2, and 3 Infection in Patients
Co-infected With HIV (PHOTON-1). Hepatology 2013, 58(suppl):313A.

19. Grint D, Peters L, Schwarze-Zander C, Beniowski M, Pradier C, Battegay M,
Jevtovic D, Soriano V, Lundgren J, Rockstroh J, Kirk O, Mocroft A: Temporal



Beisel et al. AIDS Research and Therapy 2014, 11:16 Page 9 of 9
http://www.aidsrestherapy.com/content/11/1/16
changes and regional differences in treatment uptake of hepatitis C
therapy in EuroSIDA. HIV Med 2013, 14(10):614–623.

20. Fleming CA, Tumilty S, Murray JE, Nunes D: Challenges in the treatment of
patients coinfected with HIV and hepatitis C virus: need for team care.
Clin Infect Dis 2005, 40(Suppl 5):S349–S354.

21. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, Heinzen EL,
Qiu P, Bertelsen AH, Muir AJ, Sulkowski M, McHutchison JG, Goldstein DB:
Genetic variation in IL28B predicts hepatitis C treatment-induced viral
clearance. Nature 2009, 461:399–401.

22. Sulkowski MS, Wasserman R, Brooks L, Ball L, Gish R: Changes in haemoglobin
during interferon alpha-2b plus ribavirin combination therapy for chronic
hepatitis C virus infection. J Viral Hepat 2004, 11:243–250.

23. AIDS definition update by CDC. Am Fam Physician 1993, 47:265.
24. Reiberger T, Obermeier M, Payer BA, Baumgarten A, Weitner L, Moll A,

Christensen S, Koppe S, Kundi M, Rieger A, Peck-Radosavljevic M: Considerable
under-treatment of chronic HCV infection in HIV patients despite acceptable
sustained virological response rates in a real-life setting. Antivir Ther 2011,
16:815–824.

25. Blackard JT, Sherman KE: HCV/HIV co-infection: time to re-evaluate the
role of HIV in the liver? J Viral Hepat 2008, 15:323–330.

26. Soriano V, Sulkowski M, Bergin C, Hatzakis A, Cacoub P, Katlama C, Cargnel A,
Mauss S, Dieterich D, Moreno S, Ferrari C, Poynard T, Rockstroh J: Care of
patients with chronic hepatitis C and HIV co-infection: recommendations
from the HIV-HCV International Panel. AIDS 2002, 16:813–828.

27. McGowan CE, Monis A, Bacon BR, Mallolas J, Goncales FL, Goulis I, Poordad F,
Afdhal N, Zeuzem S, Piratvisuth T, Marcellin P, Fried MW: A global view of
hepatitis C: Physician knowledge, opinions, and perceived barriers to care.
Hepatology 2013, 57(4):1325–1332.

28. Carrat F, Bani-Sadr F, Pol S, Rosenthal E, Lunel-Fabiani F, Benzekri A,
Morand P, Goujard C, Pialoux G, Piroth L, Salmon-Ceron D, Degott C,
Cacoub P, Perronne C: Pegylated interferon alfa-2b vs standard
interferon alfa-2b, plus ribavirin, for chronic hepatitis C in HIV-infected
patients: a randomized controlled trial. JAMA 2004, 292:2839–2848.

29. Schulze Zur Wiesch J, Lohse AW: Results of the IDEAL trial: “Mirror, mirror
on the wall… which’s the fairest peg-interferon of them all?” Hepatology
2009, 50:2034–2037.

30. Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR,
Bzowej NH, Marcellin P, Muir AJ, Ferenci P, Flisiak R, George J, Rizzetto M,
Shouval D, Sola R, Terg RA, Yoshida EM, Adda N, Bengtsson L, Sankoh AJ,
Kieffer TL, George S, Kauffman RS, Zeuzem S: Telaprevir for previously
untreated chronic hepatitis C virus infection. N Engl J Med 2011,
364:2405–2416.

31. Poordad F, McCone J Jr, Bacon BR, Bruno S, Manns MP, Sulkowski MS,
Jacobson IM, Reddy KR, Goodman ZD, Boparai N, DiNubile MJ, Sniukiene V,
Brass CA, Albrecht JK, Bronowicki JP: Boceprevir for untreated chronic HCV
genotype 1 infection. N Engl J Med 2011, 364:1195–1206.

32. Soriano V, Puoti M, Sulkowski M, Cargnel A, Benhamou Y, Peters M, Mauss S,
Brau N, Hatzakis A, Pol S, Rockstroh J: Care of patients coinfected with HIV
and hepatitis C virus: 2007 updated recommendations from the HCV-HIV
International Panel. AIDS 2007, 21:1073–1089.

33. Valerio L, Yazdanpanah Y, Poizot-Martin I, Rosenthal E, Marimoutou C,
Gastaut JA, Tran A, Dellamonica P, Freedberg KA, Pradier C: Baseline
CD4 cell count and outcome of pegylated interferon plus ribavirin
therapy in HIV/hepatitis C virus-coinfected patients. J Acquir Immune
Defic Syndr 2008, 47:50–55.

34. Sulowski M: Hepatitis C virus-human immunodeficiency virus coinfection.
Liver Int 2012, 32(Suppl 1):129–134.

doi:10.1186/1742-6405-11-16
Cite this article as: Beisel et al.: German cohort of HCV mono-infected
and HCV/HIV co-infected patients reveals relative under-treatment of
co-infected patients. AIDS Research and Therapy 2014 11:16.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and laboratory markers
	Definitions
	Statistical analysis

	Results
	Discussion
	Competing interest
	Authors’ contribution
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


