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Abstract
Objective—When to start hepatitis C treatment in HIV/hepatitis C virus (HCV)–coinfected patients
remains unresolved. Our objective was to determine if a baseline CD4 count ≥350 cells/mm3 predicts
a sustained HCV response to pegylated interferon plus ribavirin.

Methods—We conducted a multicenter cohort study of HIV/HCV-coinfected patients treated for
HIV in hospitals in Nice, Tourcoing, and Marseille (France). Sustained viral response (SVR) was
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defined as undetectable HCV RNA 24 weeks after treatment. The relation between CD4 cell count
and SVR was examined separately for patients with HCV genotype 1 or non-1.

Results—One hundred seventy-five patients were included. In patients with HCV genotype 1, the
rate of SVR was 13% and was not related to baseline CD4 cell count (odds ratio [OR] = 1.0, 95%
confidence interval [CI]: 0.1 to 9.3). In patients with HCV genotype non-1, the rate of SVR was 46%
and was not significantly increased by a baseline CD4 count ≥350 cells/mm3 (OR = 1.8, 95% CI:
0.6 to 5.9).

Conclusions—Higher CD4 cell count at treatment initiation with pegylated interferon plus
ribavirin did not improve treatment success probability, regardless of HCV genotype.
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Hepatitis C virus (HCV) is present in approximately one third of patients infected with HIV
in developed countries.1,2 The accelerated progression of chronic hepatitis C and the increase
in life expectancy of HIV-infected patients with the use of combination antiretroviral therapy
(ART) have led to an increase in hospitalizations and deaths attributable to HCV in HIV/HCV-
coinfected patients.3–5 The efficacy of HCV therapy is usually assessed by the presence of a
sustained viral response (SVR), defined as the persistence of undetectable plasma HCV RNA
24 weeks after treatment. The combination of pegylated interferon plus ribavirin has been
shown superior to other treatments for HCV in HIV-infected patients, with SVRs varying from
16% to 40%.6–13 Early eradication of HCV is encouraged to avoid cirrhosis and because HCV
may accelerate HIV disease progression and impair response to ART, although this is
controversial.3,4,14–16 HCV therapy is 6 to 12 months in duration, however, and has
potentially severe side effects and interactions with some antiretrovirals.6–12,17,18 Predictive
factors for SVR are still unclear, except for HCV genotype non-1.6,7,9–13 Yet, knowledge of
these predictive factors is critical to determine the optimal timing to start HCV treatment.

Clinical guidelines have used CD4 cell count as a selection criterion, although there is no clear
evidence to date of a relation between CD4 cell count at baseline and response to therapy.6–
12,19,20 Moreover, clinical trials frequently exclude subjects with CD4 counts <300 cells/
mm3, thus limiting experience in a significant subset of HIV-infected patients who are at risk
for significant morbidity from progressive HCV disease. The aim of this study was to determine
if CD4 cell count is predictive of sustained HCV viral response to pegylated interferon plus
ribavirin in HIV/HCV-coinfected patients.

METHODS
Study Design

We conducted a retrospective multicenter cohort study with 3 French cohorts of HIV/HCV-
coinfected patients followed in Nice University Hospital, Marseille University Hospital, and
Tourcoing Hospital. Patients were treated for various durations. Follow-up lasted from the first
pegylated interferon plus ribavirin therapy initiation date to 24 weeks after treatment. We
considered premature treatment discontinuation and loss to follow-up as failures (ie, no SVR).

Data Sources
Data were drawn from the NADIS medical record. The NADIS (Fedialis Medica, Marly le
Roi, France) is an electronic medical record designed for the management of HIV- or HCV-
infected patients, allowing prospective real-time data collection.21,22 It has been used in the
3 study centers since 2000. The typical follow-up for HIV-infected patients consists of 1
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outpatient visit every 3 months. At each visit, the physician enters clinical, laboratory, and
treatment data into the record. When necessary for the study, additional data were added from
the gastroenterology department medical files and from the laboratory registries at these 3
hospitals.

We included all HIV/HCV-coinfected patients from the Nice, Marseille, and Tourcoing
NADIS cohorts who began pegylated interferon plus ribavirin therapy before June 2004. This
included patients on and off ART. Two patients who did not have a CD4 cell count
measurement in the 6 months before HCV treatment initiation were excluded.

Outcome Variable: Sustained Viral Response
Treatment success (ie, SVR) was defined as an undetectable serum HCV RNA level 24 weeks
after the end of treatment. Serum HCV RNA measurements were performed by quantitative
or qualitative polymerase chain reaction (PCR) assays. Using the date of treatment initiation,
relevant HCV RNA levels were collected 24 weeks after treatment.

Exposure and Confounding Variables
Baseline CD4 cell count was measured in the 6 months before HCV treatment initiation.
Because it has been recommended that HCV therapy ideally should be prescribed if the CD4
count is greater than 350 cells/mm3, baseline CD4 cell count was used as a binary variable
(<350 or ≥350 cells/mm3).20 Other baseline variables included age, gender, body mass index
(BMI in kg/m2), hepatitis B virus coinfection, HCV genotype, liver fibrosis stage (METAVIR
score), mode of infection, alanine aminotransferase (ALT) level, pegylated interferon dose
(reduced dose, defined as <1.2 μg/kg/wk, vs. standard dose), previous HCV treatment (yes/
no), HIV disease stage (Centers for Disease Control and Prevention [CDC]/World Health
Organization [WHO] classification), presence of antiretroviral therapy (yes/no), class of
antiretroviral drugs (nonnucleoside reverse transcriptase inhibitors or protease inhibitors),
historical nadir CD4 cell count, and HIV RNA level. Because of the extended study period,
HCV RNA quantitative measurement was not always available. Indeed, in previous years,
HCV RNA was detected by qualitative measurement but often not quantified before HCV
treatment. Because we included all patients treated, we included a large number of patients
who had no HCV RNA quantitative measurement before treatment. Therefore, because of the
high proportion of missing data regarding this variable (n = 72), we did not include it in the
analysis.

Statistical Analysis
The analysis was conducted using the intention-to-treat principle and stratified according to
HCV genotype (1 or non-1). We conducted univariate analyses to identify factors associated
with SVR (Fisher exact test, Wilcoxon). We then fitted logistic regression models using
stepwise selection of a priori SVR predictive factors and factors associated with a significance
level <0.20. The binary variable CD4 count (<350 or ≥350 cells/mm3) was forced into the
model. Entry level was chosen at 0.2, and suppression level was chosen at 0.10. We also
conducted a sensitivity analysis with CD4 cell count as a continuous variable using the same
methods. The statistical power was too limited to study whether SVR is lower in patients with
a baseline CD4 count <200 cells/mm3.

In patients with HCV genotype non-1, because SVR is quite common, odds ratios (ORs) may
exaggerate the effect of baseline CD4 cell count on the probability of SVR. We therefore also
computed the risk ratio of SVR with a baseline CD4 count ≥350 cells/mm3, using the method
proposed by Zhang and Yu.23
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All tests were 2-sided, with a 0.05 level of significance. The statistical analysis was conducted
using SAS 9 software (SAS Institute, Cary, NC).

RESULTS
We included 175 HIV/HCV-coinfected patients who initiated treatment for HCV infection
from April 2000 to May 2004. Breakdown of the patients by center was 58% from Nice, 33%
from Marseille, and 9% from Tourcoing. Sixty-nine percent of patients were men. Median age
was 40 years (interquartile range [IQR]: 36 to 42 years). Injection drug use was the mode of
infection in 81% of patients. Fifty-two percent of patients had HCV genotype 1. The median
time since HCV infection was 14.2 years (IQR: 10.1 to 16.6 years). Fifteen percent of patients
had previous HCV treatment (7% interferon alone, 8% interferon/ribavirin combination).
METAVIR scores were available from liver biopsies in 159 patients and from measurement
of noninvasive markers of fibrosis (FibroTest; BioPredictive, Paris, France) in 6 others.
Seventy-two (44%) of these 165 patients had advanced fibrosis (METAVIR score of F3 to F4).
A reduced dose of pegylated interferon (<1.2 μg/kg/wk) was prescribed initially in 30% of
cases. With regard to HIV disease, 18% of patients classified as CDC/WHO stage C. Eighty-
six percent of patients were on ART at HCV therapy initiation, and 6% were ART naive.
Median ART duration was 5.8 years (IQR: 4.0 to 8.4 years). The median nadir CD4 count was
199 cells/mm3 (IQR: 100 to 346 cells/mm3). Ten patients had CD4 cell counts <200/mm3 at
baseline (4 patients with HCV genotype 1, 6 with HCV genotype non-1). HIV RNA level was
<400 copies/mL in 77% of patients.

SVR was assessed in 168 of the patients (96%). The rate of SVR was 29% overall, 13% in
patients with HCV genotype 1, 46% in patients with genotype 2 or 3, and 42% in patients with
genotype 4. One patient had genotype 6 and had an SVR.

HCV Genotype 1
In patients with HCV genotype 1 (n = 91), there was no significant difference in baseline
characteristics between patients with a CD4 count <350 cells/mm3 or ≥350 cells/mm3, except
for nadir CD4 cell count (Table 1). The SVR rate was 13%. In univariate analysis, younger
age, shorter HCV infection duration, and lower HIV RNA level were significantly associated
with SVR (Table 2). CD4 count ≥350 cells/mm3 was not associated with SVR (OR = 0.5; P =
0.46).

Potential confounders of the relation between CD4 cell count and SVR that we submitted to
selection in the multivariate analysis were site, age, gender, HCV infection duration, ALT
level, pegylated interferon dose, ART duration, presence of protease inhibitors in the ART
regimen, nadir CD4 count, and HIV RNA level. Stepwise selection led to a final logistic
regression model that included age, HIV RNA level, and ART duration. After controlling for
these factors, CD4 count at treatment initiation ≥350 cells/mm3 was still not predictive of SVR
(odds ratio adjusted [ORa] = 1.0; P = 0.98). Age, ART duration, and HIV RNA were
significantly and inversely associated with SVR (see Table 2). The use of CD4 cell count as a
continuous variable did not change the results (data not shown).

HCV Genotype Non-1
In patients with HCV genotype non-1 (n = 84), there was no significant difference in baseline
characteristics between patients with a CD4 count <350 cells/mm3 or ≥350 cells/mm3, except
for nadir CD4 cell count (see Table 1).

The SVR rate was 46% in patients with HCV genotype non-1. In univariate analysis, a higher
METAVIR fibrosis score was the only significant predictive factor for SVR (see Table 2).
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Potential confounders submitted to selection for the multivariate analysis were site, age,
gender, BMI, mode of infection, HCV infection duration, ALT level, METAVIR fibrosis score,
pegylated interferon dose, presence of a protease inhibitor in the ART regimen, nadir CD4 cell
count, and HIV RNA level. Stepwise selection led to a final model that included METAVIR
fibrosis score, and HIV RNA level. After controlling for these factors, the probability of SVR
with a CD4 count ≥350 cells/mm3 was not significantly increased (ORa = 1.7, 95% confidence
interval [CI]: 0.5 to 5.4). Using the formula of Zhang and Yu,23 the risk ratio was 1.3 (95%
CI: 0.6 to 2.0). The METAVIR fibrosis score remained a significant predictor of SVR (ORa
= 2.2; P < 0.01). There was a trend toward an association between HIV RNA level and SVR
(ORa = 0.6; P = 0.09). The use of CD4 cell count as a continuous variable did not change the
results (data not shown).

Causes of HCV Treatment Discontinuation
HCV treatment duration ranged from 1 to 84 weeks and was similar for patients with HCV
genotype 1 and non-1 (median duration of 41 vs. 40 weeks, IQR: 26 to 50 weeks; P = 0.80).
Of the 175 patients, 61 (35%) discontinued treatment prematurely. The most common reasons
were patient decision (10%), hematologic toxicity (9%), and psychiatric side effects (5%).
Treatment discontinuation attributable to patient decision was usually related to toxicity or
other burdens of therapy that did not justify a treatment discontinuation from the physician’s
perspective. In the group with HCV genotype non-1, discontinuation was more frequent in
patients with a CD4 count <350 cells/mm3 than in others (52% vs. 33%; P = 0.03). There was
no such difference in patients with HCV genotype 1 (32% vs. 30%; P = 0.92; Fig. 1).

DISCUSSION
In this multicenter cohort study of pegylated interferon plus ribavirin combination therapy in
175 HIV/HCV-coinfected French patients, there was no clear relation between CD4 cell count
at treatment initiation and SVR. In patients with HCV genotype 1 and in patients with HCV
genotype non-1, a baseline CD4 count ≥350 cells/mm3 was not associated with SVR. In patients
with HCV genotype 1, lower HIV RNA level, younger age, and shorter duration of ARTwere
associated with a higher probability of SVR. In patients with HCV genotype non-1, a higher
METAVIR fibrosis score was associated with a higher probability of SVR. Treatment
discontinuation was frequent, especially in patients with HCV genotype non-1, when the
baseline CD4 count was <350 cells/mm3.

The characteristics of this study population are similar to those of several cohorts from
developed countries.2 Thus, this study is a good representation of HCV treatment in HIV/HCV-
coinfected patients in a “real-life” clinical setting. The high prevalence of severe fibrosis at the
time of treatment suggests that HCV treatment is often delayed and liver fibrosis progression
is accelerated in HIV/HCV-coinfected patients. Eighty-one percent of patients were infected
as a result of injection drug use, reflecting the shared routes of transmission of HIV and HCV.

Although guidelines generally recommend selecting patients for HCV treatment whose CD4
cell count is high, no study of pegylated interferon plus ribavirin to date has shown a significant
association between CD4 cell count at treatment initiation and SVR.20 Because response rates
are known to be significantly different by genotype, mechanisms and factors influencing
treatment success might well be different in patients with HCV genotype 1 or non-1.6–13 In
this case, SVR joint ORs would not allow for identification of predictive factors in these 2
subgroups. Therefore, we thought that it was important to stratify the analysis by HCV
genotype, even at the expense of statistical power. This study is the first cohort study to address
this question separately for HCV genotypes 1 and non-1. In patients with HCV genotype 1,
we did not find a higher SVR rate when the baseline CD4 count was ≥350 cells/mm3, although
power was limited, as demonstrated by the wide corresponding CI. In patients with HCV
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genotype non-1, CD4 cell count did not significantly predict SVR. Moreover, the risk ratio, a
better estimate of the relative risk, argued for a lack of difference rather than a lack of statistical
power. In exploratory analysis of the RIBAVIC trial, Carrat et al12 looked for SVR predictive
factors in 125 patients with HCV genotype 1 or 4 and in 80 patients with HCV genotype 2, 3,
or 5 treated with pegylated interferon plus ribavirin or with interferon plus ribavirin. The
baseline CD4 cell count was not independently associated with SVR in either group of patients.

As for other potential SVR predictive factors, the only consistent factor associated with SVR
in previous studies is HCV genotype. This study suggests an association between HIV RNA
and decreased probability of SVR, regardless of genotype. We reported a negative influence
of prolonged ART in patients with HCV genotype 1. These results support the hypothesis that
long-lasting control of HIV viremia on ART increases HCV quasispecies diversity as a means
for immune escape, and thus compromises SVR.24–26 Few studies have examined the impact
of the use of HIV protease inhibitors on SVR, and results are discordant so far.6,12,27 This
study does not argue for an effect of HIV protease inhibitors on anti-HCV therapy outcome.
In patients with HCV genotype non-1 (but not in those with genotype 1), we found that the
more advanced the liver fibrosis, the better was the chance of SVR. Even though the association
between severity of liver fibrosis and SVR has not been consistently reported across studies,
this result is not consistent with the concept that advanced fibrosis negatively affects the
probability of SVR. Because there is no clear biologic argument to support this result, we
hypothesize that it may be attributable to type 1 or α error.

The treatment discontinuation rate in our study was 35%, comparable to that seen in clinical
trials (25% to 44%).6,7,11,12 Zinkernagel et al13 reported only 13% of premature
discontinuations related to adverse events in the Swiss HIV Cohort Study, but intermittent
treatment discontinuation of pegylated interferon or ribavirin was frequent (18% and 10%,
respectively). In our study, premature discontinuations were more frequent with a baseline
CD4 count <350 cells/mm3 only in patients with HCV genotype non-1. Treatment interruptions
attributable to patient decision or hematologic toxicity, especially, were twice as common as
with a baseline CD4 count ≥350 cells/mm3. These results suggest that better support of patients
with a CD4 count <350 cells/mm3 might avoid some of the premature treatment
discontinuations.

In contrast to clinical trials, our study design did not allow for random allocation of therapy
with pegylated interferon plus ribavirin, but we did not find any significant difference in the
baseline characteristics of patients with a CD4 count <350 cells/mm3 or ≥350 cells/mm3. We
controlled for potential confounders in the multivariate analysis, but we cannot rule out residual
confounding from unmeasured parameters such as alcohol consumption or the patient’s
psychologic or socioeconomic status. In particular, we were not able to control for HCV RNA
level, but this factor was not consistently independently associated with SVR in previous
studies.6,9,11,12

This study suggests that initiation of anti-HCV therapy with pegylated interferon plus ribavirin
in HIV/HCV-coinfected patients is possible without waiting for the patients to reach a high
CD4 cell count on ART. Because premature treatment discontinuation attributable to patient
decision or psychiatric side effects is frequent, other factors such as socioeconomic status,
psychologic status, or active addictions might well be more important than the CD4 cell count
for predicting SVR. Sustained support is needed to decrease the number of premature treatment
interruptions.
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FIGURE 1.
Treatment discontinuation causes, according to HCV genotype and CD4 cell count.
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