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background 

 

Hepatitis C virus (HCV) infection is highly prevalent and is associated with substan-
tial morbidity and mortality among persons infected with the human immunodefi-
ciency virus (HIV). We compared the efficacy and safety of pegylated interferon alfa-2a
(peginterferon alfa-2a) plus either ribavirin or placebo with those of interferon alfa-2a
plus ribavirin for the treatment of chronic HCV infection in patients who were also
infected with HIV.

 

methods

 

A total of 868 persons who were infected with both HIV and HCV and who had not pre-
viously been treated with interferon or ribavirin were randomly assigned to receive one
of three regimens: peginterferon alfa-2a (180 µg per week) plus ribavirin (800 mg per
day), peginterferon alfa-2a plus placebo, or interferon alfa-2a (3 million IU three times
a week) plus ribavirin. Patients were treated for 48 weeks and followed for an addition-
al 24 weeks. The primary end point was a sustained virologic response (defined as a se-
rum HCV RNA level below 50 IU per milliliter at the end of follow-up, at week 72).

 

results

 

 The overall rate of sustained virologic response was significantly higher among the re-
cipients of peginterferon alfa-2a plus ribavirin than among those assigned to interfer-
on alfa-2a plus ribavirin (40 percent vs. 12 percent, P<0.001), or peginterferon alfa-2a
plus placebo (40 percent vs. 20 percent, P<0.001). Among patients infected with HCV
genotype 1, the rates of sustained virologic response were 29 percent with peginterfer-
on alfa-2a plus ribavirin, 14 percent with peginterferon alfa-2a plus placebo, and 7 per-
cent with interferon alfa-2a plus ribavirin. The corresponding rates among patients
infected with HCV genotype 2 or 3 were 62 percent, 36 percent, and 20 percent. Neutro-
penia and thrombocytopenia were more common among patients treated with regimens
that contained peginterferon alfa-2a, and anemia was more common among patients
treated with regimens containing ribavirin.

 

conclusions 

 

Among patients infected with both HIV and HCV, the combination of peginterferon
alfa-2a plus ribavirin was significantly more effective than either interferon alfa-2a plus
ribavirin or peginterferon alfa-2a monotherapy.
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otent antiretroviral therapy has

 

reduced the morbidity and mortality asso-
ciated with untreated human immunodefi-

ciency virus (HIV) infection.

 

1,2

 

 At the same time,
the pattern of morbidity and mortality among HIV-
infected persons has shifted, and clinicians respon-
sible for the care of HIV-infected persons have been
confronted with new challenges. Complications
associated with concurrent hepatitis C virus (HCV)
infection have emerged as one of the most frequent
and complex issues in the care of patients with HIV
infection and the acquired immunodeficiency syn-
drome (AIDS).

 

3,4

 

The current standard of care for chronic infec-
tion with HCV in persons without other infections
is pegylated interferon (peginterferon) plus ribavi-
rin.

 

5

 

 This combination eradicates HCV infection
and produces sustained virologic responses in 54
to 63 percent of patients.

 

6-8

 

 The efficacy of this com-
bination of drugs in persons with both HIV and HCV
infection has not been established. In the AIDS
Pegasys Ribavirin International Coinfection Trial
(APRICOT), we studied the efficacy and safety of
combination therapy with peginterferon alfa-2a
plus ribavirin in people coinfected with HCV and
HIV in an international, randomized, placebo-con-
trolled trial.

 

selection of patients

 

To be eligible for the study, patients had to be more
than 18 years of age, to be infected with both HIV
and HCV, and to have anti-HCV antibodies in se-
rum, detectable serum levels of HCV RNA (>600 IU
per milliliter), elevated serum alanine aminotrans-
ferase levels documented on two or more occasions
within the previous 12 months, findings on liver
biopsy within the past 15 months that were consis-
tent with the presence of chronic hepatitis C infec-
tion, and compensated liver disease (without com-
promise of liver function or clinically important
portal hypertension).

The presence of HIV type 1 (HIV-1) disease was
confirmed by detection of anti–HIV-1 antibodies or
HIV-1 RNA in serum (Amplicor HIV-1 Monitor
Test, version 1.5). Patients with CD4+ cell counts
of 200 per cubic millimeter or higher were eligible
regardless of the HIV RNA level; those with CD4+
cell counts between 100 per cubic millimeter and
199 per cubic millimeter were eligible if their HIV-1
RNA load was less than 5000 copies per milliliter.

Subjects were required either to have been receiv-
ing stable antiretroviral therapy for at least six weeks
before study entry, with no changes expected for
the first eight weeks of the study, or not to have re-
ceived any antiretroviral therapy for at least eight
weeks before randomization and to be able to delay
the initiation of antiretroviral therapy for at least six
weeks. For the remainder of the study, changes to
an existing antiretroviral therapy regimen or initia-
tion of antiretroviral therapy was permitted at the
discretion of the investigator.

Subjects with the following conditions were
excluded: an active HIV-related opportunistic in-
fection or cancer; an absolute neutrophil count be-
low 1500 per cubic millimeter; a platelet count be-
low 70,000 per cubic millimeter; a hemoglobin level
below 11 g per deciliter for women, or below 12 g
per deciliter for men; a serum creatinine level more
than 1.5 times the upper limit of normal; concur-
rent infection with hepatitis A or B virus; evidence
of decompensated liver disease; severe psychiatric
disease, especially depression; clinically significant
coexisting medical conditions; and, for women,
pregnancy or unwillingness to practice contracep-
tion. Participants were also excluded if they had pre-
viously received interferon or ribavirin.

 

study design

 

The study was conducted at 95 centers in 19 coun-
tries between June 2000 and September 2003.
Patients were randomly assigned in a 1:1:1 ratio
to 48 weeks of treatment with one of three regi-
mens: subcutaneous interferon alfa-2a (Roferon-A,
Roche), at a dose of 3 million IU given three times
per week, plus oral ribavirin (Copegus, Roche), at
a dose of 400 mg given twice daily (total daily dose,
800 mg); peginterferon alfa-2a (Pegasys, Roche),
at a dose of 180 µg given once weekly, plus oral pla-
cebo twice daily; or peginterferon alfa-2a plus oral
ribavirin. The 48-week treatment period was fol-
lowed by a 24-week observation period. The spon-
sor, investigators, and subjects were blinded to the
assignment to ribavirin or placebo in the peginter-
feron alfa-2a groups. Treatment assignment was
centralized and performed with the Pocock–Simon
covariate adaptive procedure.

 

9

 

 Stratification factors
included the HCV genotype (genotype 1 vs. other
genotypes), the CD4+ cell count (<200 per cubic
millimeter vs. ≥200 per cubic millimeter), HIV
treatment (antiretroviral therapy vs. no antiretro-
viral therapy), histologic findings on liver biopsy
(cirrhosis vs. no cirrhosis), qualifying alanine ami-

p

methods
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notransferase quotient (the patient’s value at base-
line divided by the upper limit of normal for the as-
say), and geographic region. Baseline findings on
liver biopsy were scored by local pathologists using
the Ishak Modified Histological Activity Scoring
System.

 

10

 

 With this system, biopsy findings are
assigned scores for necroinflammatory grade (0 to
18, with 0 indicating no necroinflammation) and
fibrosis stage (0 indicates no fibrosis and 6 proba-
ble or definite cirrhosis). The sum of the necroin-
flammatory and fibrosis scores is referred to as the
total histologic-activity index score.

Institutional review boards at participating cen-
ters approved the protocol. All patients provided
written informed consent. The study was conduct-
ed in accordance with the Declaration of Helsinki
and Good Clinical Practices guidelines. The study
was designed by the sponsor in collaboration with
consultant physicians with expertise in the treat-
ment of HCV and HIV infections and in clinical-
trial design. Data were collected by the APRICOT
study group and analyzed by the sponsor and the
authors. Decisions regarding all aspects of the
manuscript were made by the authors, and no limi-
tations on publication were imposed by the sponsor.

 

assessment of efficacy and end points

 

Serum HCV RNA was measured by means of a
qualitative polymerase-chain-reaction (PCR) as-
say (Cobas Amplicor HCV Test, version 2.0, Roche
Diagnostics; limit of detection, 50 IU per millili-
ter) at weeks 4, 12, 24, 36, and 48 during treatment
and after 12 and 24 weeks of follow-up after the
cessation of study treatment (study weeks 60 and
72). HCV RNA was quantified by PCR (Cobas Am-
plicor HCV Monitor Test, version 2.0; limit of de-
tection, 600 IU per milliliter) in all patients with de-
tectable HCV RNA. The primary efficacy end point
was a sustained virologic response, defined as a se-
rum HCV RNA level below the limit of detection of
the assay (<50 IU per milliliter) at the end of 24
weeks of follow-up. In patients without an HCV
RNA measurement at week 72, treatment was con-
sidered to have failed. An early virologic response
was defined as an undetectable serum HCV RNA
level on quantitative PCR assay or a decrease of
more than 2 log

 

10

 

 in the serum HCV RNA level on
quantitative PCR assay at week 12 or 24. HCV and
HIV RNA determinations and HCV genotyping (Ver-
sant HCV Genotype Assay, Bayer) were performed
by Cenetron Diagnostics, Cedar Creek, Texas.

 

assessment of safety

 

Safety was assessed by means of physical examina-
tions, laboratory tests, and spontaneous reports of
clinical adverse events during patients’ visits to the
clinic at weeks 1, 2, 4, 6, 8, and 12, at six-week in-
tervals thereafter during treatment, and at weeks
52, 60, and 72 during follow-up.

Stepwise reductions in the dose of peginterfer-
on alfa-2a to 135, 90, or 45 µg per week, stepwise
reductions in the dose of interferon alfa-2a to 2.25
or 1.5 million units three times per week, and se-
quential reductions in the dose of ribavirin or riba-
virin placebo by 200 mg per day, but to no lower
than 600 mg per day, were allowed when neces-
sary to manage clinically significant adverse events
or laboratory abnormalities, according to a defined
protocol. If the adverse effect or abnormality im-
proved or resolved, a return to the initial dose was
permitted at the discretion of the investigator. Pa-
tients could continue to receive peginterferon alfa-
2a or interferon alfa-2a if ribavirin was discontin-
ued. The use of granulocyte colony-stimulating fac-
tors and erythropoietin was permitted to manage
hematologic adverse events.

 

statistical analysis

 

The study treatment was discontinued if peginter-
feron alfa-2a or interferon alfa-2a was permanently
stopped. The analysis was conducted according
to the intention-to-treat principle. Patients who
missed the study visit at week 72 were considered
to have had treatment failure. The population for
the efficacy analysis included all patients who un-
derwent randomization and received at least one
dose of either study drug. The safety analysis includ-
ed all treated patients who had at least one safety
evaluation after baseline. Patients who withdrew
from treatment were encouraged to return for fol-
low-up appointments. 

For comparisons between two treatment groups,
the study had 80 percent power to detect an im-
provement in the rate of sustained virologic re-
sponse from 30 percent to 45 percent, with a two-
sided significance level of 0.025. As defined in the
protocol, a closed testing procedure allowed for
three pairwise comparisons between the treatment
groups.

 

11

 

 The global hypothesis of no differences
among treatment groups was to be tested first at
a significance level of 0.05. If it was rejected, each
of the three pairwise comparisons was to be tested
at a significance level of 0.05. The Cochran–Mantel–
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Haenszel test was used, with stratification accord-
ing to geographic region, HCV genotype, and CD4+
cell count; multiple logistic-regression analysis
was used to examine the effect of all five stratifica-
tion factors on sustained virologic response and
to confirm the results of the Cochran–Mantel–
Haenszel test.

Stepwise and backward logistic-regression analy-
ses were used to identify pretreatment factors that
were predictive of a sustained virologic response.
All P values are two-sided.

 

demographic characteristics 
of the patients

 

Of 1158 subjects screened, 868 were randomly
assigned to a treatment group, and 860 received
study medication. The distribution of participants
in the trial is shown in Figure 1. The characteristics
of the treatment groups were similar at baseline
(Table 1). The patients were predominantly white
and male and had well-controlled HIV infection.
Sixteen percent had cirrhosis or bridging fibrosis.

 

virologic response

 

The overall rate of sustained virologic response at
the end of follow-up, the primary efficacy end point,
was significantly higher among patients treated with
peginterferon alfa-2a plus ribavirin than among
those treated with interferon alfa-2a plus ribavi-
rin (40 percent vs. 12 percent; odds ratio, 5.40; 97.5
percent confidence interval, 3.20 to 9.12; P<0.001)
or peginterferon alfa-2a plus placebo (40 percent
vs. 20 percent; odds ratio, 2.89; 97.5 percent confi-
dence interval, 1.83 to 4.58; P<0.001) (Fig. 2B). The
rate of sustained virologic response was signifi-
cantly lower among recipients of interferon alfa-2a
plus ribavirin than among recipients of peginter-
feron alfa-2a plus placebo (odds ratio, 0.53; 97.5
percent confidence interval, 0.30 to 0.91; P=0.008).

When the patients were grouped according to
HCV genotype, the rates of sustained virologic re-
sponse reflected those in the overall study popula-
tion, with the highest rates consistently observed
among recipients of peginterferon alfa-2a plus ri-
bavirin (Fig. 2B). Patients infected with HCV geno-
type 1 had consistently lower rates of sustained vi-
rologic response than those infected with HCV
genotype 2 or 3. Both overall and among patients
infected with HCV genotype 1, patients in all three

treatment groups who had high pretreatment HCV
RNA levels (>800,000 IU per milliliter) had consis-
tently lower rates of sustained virologic response
than did those with lower pretreatment HCV RNA
levels (Fig. 2C). The pretreatment HCV RNA level did
not affect the rate of sustained virologic response
among patients infected with genotype 2 or 3.

 

Independent Factors Associated with a Sustained 
Virologic Response

 

A prospectively defined multiple logistic-regres-
sion analysis was used to identify pretreatment
factors that were predictive of a sustained virolog-
ic response among patients treated with peginter-
feron alfa-2a plus ribavirin. The factors analyzed
were age, sex, race (white vs. nonwhite), body-
surface area, HCV RNA level, total histologic-activ-
ity index score, qualifying alanine aminotransfer-
ase quotient (the alanine aminotransferase value
divided by upper limit of normal), HCV genotype
(1 vs. others), CD4+ cell count, use or nonuse of
antiretroviral therapy, and histologic findings on
liver biopsy (presence or absence of cirrhosis). The
final model included two factors that are associat-
ed with independently and significantly increased
odds of a sustained virologic response: an HCV
genotype other than 1 (odds ratio, 3.37; 95 percent
confidence interval, 1.96 to 5.80; P<0.001) and a
baseline HCV RNA level of 800,000 IU or less per
milliliter (odds ratio, 3.56; 95 percent confidence
interval, 2.00 to 6.36; P<0.001). HIV-related fac-
tors including the CD4+ cell count and the use or
nonuse of antiretroviral therapy, which are varia-
bles of particular interest in this population, did
not meet the criteria for inclusion in the final model.

 

Predictive Value of an Early Virologic Response

 

Patients with an early virologic response, defined
as an undetectable HCV RNA level or a decrease of
2 log or more in the HCV RNA level by week 12,
were more likely to achieve a sustained virologic re-
sponse (Fig. 3). Of patients who had an early viro-
logic response by week 12, 30 percent in the group
given interferon alfa-2a plus ribavirin, 37 percent
of those assigned to peginterferon alfa-2a plus pla-
cebo, and 56 percent of those given peginterferon
alfa-2a plus ribavirin had sustained virologic re-
sponses at week 72. Only two patients without an
early virologic response went on to have a sustained
virologic response; one was a patient with HCV
genotype 1b who became HCV RNA–negative at

results
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week 24, and the other was a patient infected with
HCV genotype 4 who became HCV RNA–negative
at week 36. Overall, only 2 percent or less of the
patients in each treatment group who did not have
an early response went on to have a sustained re-
sponse. When an early virologic response was de-

fined as one occurring by week 24, the results were
similar.

 

Safety

 

The frequency of dose reductions in response to
clinical adverse events was generally similar among

 

Figure 1. Study Enrollment and Outcomes.

 

Of the eight patients who underwent randomization but were not treated, seven declined treatment and one failed to re-
turn to the study center. One patient who was randomly assigned to peginterferon alfa-2a plus ribavirin was mistakenly 
treated with interferon alfa-2a plus ribavirin (classified in the group given interferon alfa-2a plus ribavirin). Patients who 
withdrew from treatment were encouraged to return at weeks 48, 60, and 72 for follow-up assessments. 

1158 Screened

868 Randomly assigned
to treatment

289 Assigned to interferon
alfa-2a plus ribavirin

289 Assigned to peginterferon
alfa-2a plus placebo

290 Assigned to peginterferon
alfa-2a plus ribavirin

285 (99%) Received 
study drug

286 (99%) Received 
study drug

289 (<100%) Received 
study drug

255 (89%) Completed 
12 weeks of treatment

266 (93%) Completed 
12 weeks of treatment

268 (93%) Completed 
12 weeks of treatment

235 (82%) Completed 
24 weeks of treatment

253 (88%) Completed 
24 weeks of treatment

253 (88%) Completed 
24 weeks of treatment

174 (61%) Completed 
48 weeks of treatment

196 (69%) Completed 
48 weeks of treatment

217 (75%) Completed 
48 weeks of treatment

178 (62%) Completed 
24 weeks of follow-up

199 (70%)  Completed 
24 weeks of follow-up

224 (78%) Completed 
24 weeks of follow-up

111 (39%) Withdrew from
treatment

44 For safety reasons
18 Refused treatment
12 Failed to return
34 For insufficient response
3 For protocol violations

or other reasons

90 (31%) Withdrew from
treatment

47 For safety reasons
9 Refused treatment

12 Failed to return
14 For insufficient response
8 For protocol violations

or other reasons

72 (25%) Withdrew from
treatment

43 For safety reasons
12 Refused treatment
7 Failed to return
6 For insufficient response
4 For protocol violations

or other reasons

Screened but did not undergo
randomization (n=290)

106 Because of laboratory test results
56 For administrative or other reasons
55 Withdrew consent or failed to

return
51 Because of concomitant disease
22 Because of the severity of liver

disease
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* Plus–minus values are means ±SD.
† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ The alanine aminotransferase quotient is the patient’s level divided by the upper limit of normal.
§ Baseline liver-biopsy specimens were assessed by local pathologists using the Ishak Modified Histological Activity Index scoring system.

 

10

 

¶Cirrhosis was detected by magnetic resonance imaging or ultrasonography.

 

Table 1. Characteristics of the Patients at Baseline.* 

Characteristic

Interferon Alfa-2a
plus Ribavirin

(N=285)

Peginterferon Alfa-2a
plus Placebo

(N=286)

Peginterferon Alfa-2a
plus Ribavirin

(N=289)

 

Sex — no. (%)
Male
Female

231 (81)
54 (19)

234 (82)
52 (18)

232 (80)
57 (20)

Age — yr 40.1±7.6 40.0±7.4 39.7±7.9

Weight — kg 74.6±13.2 73.2±13.6 72.1±13.7

Body-mass index† 24.9±4.2 24.7±3.8 24.2±4.1

Race — no. (%)
White
Black
Asian
Other

223 (78)
30 (11)
0 

32 (11)

225 (79)
28 (10)
3 (1)

30 (10)

231 (80)
31 (11)
4 (1)

23 (8)

Mode of infection — no. (%)
Injection-drug use
Sexual exposure
Transfusion
Unknown or other

201 (71)
44 (15)
13 (5)
27 (9)

178 (62)
54 (19)
22 (8)
32 (11)

180 (62)
56 (19)
24 (8)
29 (10)

Qualifying alanine aminotransferase quotient — no. (%)‡
≤1.0
>1.0–1.5
>1.5–3.0
>3.0–7.0
>7.0

0 
46 (16)

137 (48)
92 (32)
10 (4)

1 (<1)
53 (19)

134 (47)
90 (31)
8 (3)

1 (<1)
56 (19)

126 (44)
95 (33)
11 (4)

Serum HCV RNA
Mean — IU/ml
>800,000 IU/ml — no. (%)

5,200,000±6,000,000
203 (71)

6,400,000±6,400,000
206 (72)

5,600,000±6,400,000
208 (72)

HCV genotype — no. (%)
1
2
3
4
Other

171 (60)
14 (5)
75 (26)
24 (8)

1 (<1)

175 (61)
17 (6)
73 (26)
20 (7)
1 (<1)

176 (61)
13 (4)
82 (28)
16 (6)
2 (1)

Total histologic-activity index score§ 8.0±3.8 7.9±3.7 8.0±3.8

Total cirrhosis or bridging fibrosis — no. (%)
Fibrosis stage 4 — no. (%)
Fibrosis stage 5 — no. (%)
Fibrosis stage 6 — no. (%)
Hemophilia and cirrhosis — no. (%)¶

45 (16)
9 (3)

20 (7)
15 (5)

1 (<1)

45 (16)
1 (<1)

24 (8)
20 (7)
0 

44 (15)
7 (2)

14 (5)
21 (7)
2 (1)

Antiretroviral therapy — no. (%)
Any
Nucleoside reverse-transcriptase inhibitors
Nonnucleoside reverse-transcriptase inhibitors
Protease inhibitors

240 (84)
239 (84)
99 (35)

128 (45)

243 (85)
240 (84)
104 (36)
133 (47)

244 (84)
243 (84)
102 (35)
123 (43)

HIV-1 RNA
Mean — log
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 copies/ml
Undetectable HIV RNA (<50 copies/ml) — no. (%)

2.3±1.0
170 (60)

2.4±1.0
171 (60)

2.3±1.0
173 (60)

CD4+ cells — no./mm

 

3

 

Mean
<200/mm

 

3

 

 — no. (%)
542±270

20 (7)
530±265

14 (5)
520±277

17 (6)
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the three groups; however, the rate of dose reduc-
tions in response to laboratory abnormalities var-
ied according to the treatment (Table 2). Grade 4
neutropenia (<500 cells per cubic millimeter) oc-
curred in 1 recipient of interferon alfa-2a plus riba-
virin (<1 percent), 37 recipients of peginterferon
alfa-2a plus placebo (13 percent), and 31 recipients

of peginterferon alfa-2a plus ribavirin (11 per-
cent). Grade 4 thrombocytopenia (<20,000 cells
per cubic millimeter) occurred in one recipient of
peginterferon alfa-2a plus placebo and one recipi-
ent of peginterferon alfa-2a plus ribavirin. Grade 4
anemia (hemoglobin level, <6.5 g per deciliter) oc-
curred in five recipients of peginterferon alfa-2a

 

Figure 2. Virologic Responses at the End of Treatment (Panel A) and at the End of Follow-up (Panels B and C), 
According to HCV Genotype and Baseline HCV RNA Level.

 

A virologic response was defined as an undetectable HCV RNA level (<50 IU per milliliter). The number above each bar 
shows the percentage, and the numbers below each bar show the number of patients with a response and the total num-
ber in the subgroup. Only patients who received at least one dose of study treatment are included in this analysis. The 
asterisk indicates P=0.008 for the comparison with interferon alfa-2a plus ribavirin, the dagger indicates P<0.001 for the 
comparisons with interferon alfa-2a plus ribavirin and peginterferon alfa-2a plus placebo, and the double dagger indi-
cates that three patients had missing baseline HCV RNA data.
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plus placebo (2 percent) and two recipients of
peginterferon alfa-2a plus ribavirin (1 percent). Two
patients withdrew from treatment with interferon
alfa-2a plus ribavirin, three from treatment with
peginterferon alfa-2a plus placebo, and two from
treatment with peginterferon alfa-2a plus ribavirin
because of anemia; one, seven, and four, respec-
tively, withdrew because of thrombocytopenia, and
none, two, and three because of neutropenia.

The proportion of patients withdrawn from
treatment differed among treatment groups (Fig. 1
and Table 2). Overall, 39 percent of patients with-
drew from treatment with interferon alfa-2a plus
ribavirin, 31 percent from treatment with peginter-
feron alfa-2a plus placebo, and 25 percent from
treatment with peginterferon alfa-2a plus ribavirin
(P<0.001 for the comparison between interferon
alfa-2a plus ribavirin and peginterferon alfa-2a plus
ribavirin). The number of patients reporting ad-
verse events or serious adverse events was gener-
ally similar among the treatment groups; serious
events judged to be related to treatment were more
frequent in the two groups that received peginter-
feron alfa-2a (Table 2).

Absolute mean CD4+ cell counts decreased
uniformly in all three groups during treatment,
whereas the mean percentage of CD4+ lymphocytes
(CD4+ percentage) increased slightly (Table 2).
Mean HIV-1 RNA levels decreased in patients treat-
ed with peginterferon alfa-2a who had detectable
HIV RNA at baseline. Ten AIDS-defining events oc-
curred during the study; these were evenly distrib-
uted among the three groups.

The incidence of pancreatitis, symptomatic hy-
perlactatemia, or lactic acidosis was low (Table 2).
Hepatic decompensation occurred in 14 of the 860
patients who received at least one dose of study
medication and was evenly distributed among the
treatment groups. All 14 patients had cirrhosis and
Child–Pugh scores of 5 or higher at baseline; 6 of
the 14 died.

 

12

 

 Ten deaths occurred during the study,
and two after the end of treatment and follow-up
(Table 2). The death of one patient who received in-
terferon alfa-2a plus ribavirin, attributed to respi-
ratory failure, and of one who received peginterfer-
on alfa-2a plus ribavirin, attributed to suicide, were
judged to be possibly related to treatment.

In this large, randomized, placebo-controlled trial,
peginterferon alfa-2a plus ribavirin elicited signifi-

discussion

 

Figure 3. Early Virologic Response as a Predictor of Sustained Virologic 
Response.

 

An early virologic response was defined as an undetectable HCV RNA level 
(<50 IU per milliliter) or a decrease of 2 log or more in the HCV RNA level by 
week 12. Only patients who received at least one dose of study treatment are 
included in this analysis. Patients who did not have an early virologic response 
were highly unlikely to have a sustained virologic response at week 72.
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cantly higher rates of sustained virologic response
than interferon alfa-2a plus ribavirin in patients in-
fected with both HIV and HCV (40 percent vs. 12
percent, P<0.001). These data are consistent with
published results from a study of patients with HCV
infection but without HIV infection.

 

7

 

 Peginterferon
alfa-2a monotherapy was also significantly more

effective than interferon alfa-2a plus ribavirin in our
study (rate of sustained virologic response, 20 per-
cent vs. 12 percent; P=0.008), a finding that sug-
gests that peginterferon alfa-2a monotherapy is a
suitable alternative for patients who cannot toler-
ate or have a contraindication to ribavirin.

The 29 percent rate of sustained virologic re-

 

Table 2. Patients Withdrawn from Study Treatment, Dose Reductions, Adverse Events, and Changes in HIV Status According to 
Treatment Group.*

Variable
Interferon Alfa-2a 

plus Ribavirin (N=285)
Peginterferon Alfa-2a
plus Placebo (N=286)

Peginterferon Alfa-2a
plus Ribavirin (N=288)

 

number of patients (percent)

 

Withdrawal from study treatment

 

Any reason 111 (39)† 90 (31) 72 (25)

Adverse events or intercurrent illness 41 (14) 34 (12) 34 (12)

Insufficient response 34 (12) 14 (5) 6 (2)

Patient’s refusal of treatment 18 (6) 9 (3) 12 (4)

Laboratory abnormalities‡ 3 (1) 13 (5) 9 (3)

Loss to follow-up 12 (4) 12 (4) 7 (2)

Other 3 (1) 8 (3) 4 (1)

Interferon
Alfa-2a Ribavirin

Peginterferon
Alfa-2a Placebo

Peginterferon
Alfa-2a Ribavirin

 

Reduction or omission of one or more doses

 

Due to adverse event 33 (12) 62 (22) 21 (7) 66 (23) 30 (10) 71 (25)

Due to any laboratory abnormality
Anemia
Neutropenia
Thrombocytopenia
Other

18 (6)
3 (1)
8 (3)
4 (1)
4 (1)

34 (12)
32 (11)
0
0
2 (1)

94 (33)
5 (2)

77 (27)
21 (7)
9 (3)

33 (12)
18 (6)
8 (3)
7 (2)
2 (1)

97 (34)
4 (1)

79 (27)
18 (6)
7 (2)

53 (18)
46 (16)
3 (1)
4 (1)
2 (1)

 

Interferon Alfa-2a 
plus Ribavirin (N=285)

Peginterferon Alfa-2a 
plus Placebo (N=286)

Peginterferon Alfa-2a 
plus Ribavirin (N=288)

At least one treatment with hematopoietic growth factor

 

Erythropoietin 12 (4) 14 (5) 30 (10)

Granulocyte colony-stimulating factor 4 (1) 35 (12) 34 (12)

 

At least one adverse event

 

Any adverse event 273 (96) 271 (95) 276 (96)

Serious adverse events 44 (15) 59 (21) 50 (17)

Treatment-related serious adverse events§ 15 (5) 28 (10) 24 (8)

Death
Total
Treatment-related¶

3 
1 

5 
0

4 
1 

Specific adverse events¿
Fatigue
Pyrexia
Headache
Myalgia
Nausea
Diarrhea
Insomnia
Asthenia
Depression

115 (40)
101 (35)**
117 (41)
82 (29)
70 (25)
68 (24)
84 (29)
67 (24)
64 (22)

117 (41)
123 (43)
110 (38)
94 (33)
78 (27)
73 (26)
61 (21)
64 (22)
57 (20) 

128 (44)
128 (44)
111 (39)
103 (36)
85 (30)
81 (28)
76 (26)
82 (28)
76 (26) 
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* Data on withdrawals and deaths are based on all patients who underwent randomization and received at least one dose of study medication. 
One patient received peginterferon alfa-2a plus ribavirin but did not return for a safety assessment. All other analyses included all patients 
who underwent randomization, received at least one dose of study medication, and had at least one safety evaluation after baseline.

† P<0.001 for the comparison with peginterferon alfa-2a plus ribavirin by Fisher’s exact test.
‡ Laboratory abnormalities leading to premature withdrawal from study treatment included anemia, lymphopenia, neutropenia, thrombocy-

topenia, increased aminotransferase levels, and increased creatine kinase levels.
§ In the opinion of the investigator, these events were judged to be possibly or probably related to the study treatment.
¶ Among patients treated with interferon alfa-2a plus ribavirin, one patient each died from nosocomial pneumonia and enterococcal bactere-

mia, hepatic failure, and respiratory failure. Among patients treated with peginterferon alfa-2a plus placebo, two deaths were attributed to 
hepatic failure and one each to hepatitis C, upper gastrointestinal hemorrhage, and anoxic encephalopathy. Among patients treated with 
peginterferon alfa-2a plus ribavirin, the four deaths were attributed to upper gastrointestinal hemorrhage, hepatic encephalopathy, meta-
static carcinoma, and suicide.

¿ The adverse events listed are those that occurred in at least 25 percent of patients in at least one treatment group, regardless of the relation-
ship to treatment.

** P=0.03 for the comparison with peginterferon alfa-2a plus ribavirin by Fisher’s exact test.
†† The adverse events listed are those that occurred in at least three patients (1 percent) in at least one treatment group, regardless of the re-

lationship to treatment. Serious adverse events were defined as fatal or life-threatening events and those that required or prolonged hospi-
talization, resulted in persistent or clinically significant disability or congenital anomaly, or required intervention to prevent one of the spe-
cific serious adverse events just listed.

‡‡ Among those with hepatic decompensation, the number of patients with baseline Child–Pugh scores of 5, 6, and 7 or more were as follows: 
interferon alfa-2a plus ribavirin, 2, 0, and 2; peginterferon alfa-2a plus placebo, 1, 1, and 3; peginterferon alfa-2a plus ribavirin, 1, 2, and 2, respec-
tively.

§§ Among the 10 AIDS-defining events, there were six cases of esophageal candidiasis, two cases of herpes zoster (one each in recipients of in-
terferon alfa-2a plus ribavirin and peginterferon alfa-2a plus ribavirin), and two presumptive cases of progressive multifocal leukoencepha-
lopathy (one each in recipients of interferon alfa-2a plus ribavirin and peginterferon alfa-2a plus ribavirin).

¶¶ Values shown are mean (±SD) changes from baseline at 48 weeks, with the number of patients shown in parentheses. Only patients who 
received 48 weeks of treatment are included. CD4+ percentage indicates percentage of CD4+ lymphocytes. 

 

¿¿ Detectable levels were ≥50 copies per milliliter.

 

Table 2. (Continued.)

Variable
Interferon Alfa-2a 

plus Ribavirin (N=285)
Peginterferon Alfa-2a
plus Placebo (N=286)

Peginterferon Alfa-2a 
plus Ribavirin (N=288)

 

number of patients (percent)

 

Specific serious adverse events††
Lower respiratory tract infection
Anemia
Thrombocytopenia
Drug abuse
Lactic acidosis
Hepatic failure
Gastroenteritis
Bacterial infection
Pyrexia
Deep-vein thrombosis
Lower-limb fracture
Nausea or vomiting

5 (2)
3 (1)
0
3 (1)
0
2 (1)
0
1 (<1)
1 (<1)
0
1 (<1)
3 (1)

7 (2)
6 (2)
4 (1)
1 (<1) 
4 (1)
3 (1)
3 (1)
1 (<1)
3 (1)
0
3 (1)
0

2 (1)
6 (2)
1 (<1)
4 (1)
1 (<1)
1 (<1)
2 (1)
3 (1)
0
3 (1)
0
0

Hepatic decompensation‡‡ 4 (1) 5 (2) 5 (2)

Pancreatitis, symptomatic hyperlactatemia, 
or lactic acidosis

Pancreatitis
Symptomatic hyperlactatemia
Lactic acidosis

1 (<1)
2 (1)
1 (<1)

4 (1)
0
4 (1)

2 (1)
4 (1)
2 (1)

AIDS-defining event§§ 3 (1) 3 (1) 4 (1)

 

mean ± SD (no. of patients)

 

Changes in HIV disease status¶¶

 

Change in CD4+ count
Cells/mm

 

3

 

Percentage
¡131±176  (161)
+1.3±5.9 (123) 

¡135±173  (176)
+1.4±6.3 (135)

¡157±176  (203)
+3.0±8.2 (160)

Change in HIV-1 RNA — log

 

10

 

 copies/ml
All patients
Patients with detectable HIV-1 RNA 

at baseline¿¿

+0.088±0.726 (163)
+0.016±1.010 (56)

¡0.219±0.925 (173)
¡0.789±1.013 (67)

¡0.205±0.831 (204)
¡0.696±0.924 (82)
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sponse in patients infected with HCV genotype 1
who were treated with peginterferon alfa-2a plus
ribavirin is higher than the rates previously report-
ed in patients coinfected with HIV and HCV. In the
two groups that received ribavirin, relapse rates, in-
dicated by the difference between responses at the
end of treatment and responses at the end of fol-
low-up, were remarkably low and similar to those
in patients infected only with HCV, underscoring
the importance of ribavirin in viral clearance.

 

13

 

 The
highest response rate was among patients with
HCV genotype 2 or 3 who received peginterferon
alfa-2a plus ribavirin. The similar responses at the
end of treatment (48 weeks) and the end of fol-
low-up in our trial (72 weeks) — 64 percent and
62 percent — contrast with the high relapse rate
(35 percent) reported after 24 weeks of treatment
in another trial.

 

14

 

 Thus, although patients infect-
ed only with HCV genotype 2 or 3 require only 24
weeks of treatment,

 

6

 

 48 weeks of combination ther-
apy appears to be appropriate for patients infect-
ed with both HIV and HCV genotype 2 or 3.

Although outcomes according to HCV geno-
type and pretreatment HCV RNA level are consis-
tent with previously published data, the rates of
sustained virologic response in our trial were gen-
erally lower than those reported for patients with
HCV infection alone.

 

7

 

 Several factors may contrib-
ute to this finding. First, more than 70 percent of
our subjects had high pretreatment HCV RNA ti-
ters (>800,000 IU per milliliter). Second, the viral
kinetic response to anti-HCV therapy is slower in
patients infected with HCV and HIV.

 

15

 

 Although
our study population was relatively immunocom-
petent, as reflected by their absolute CD4+ counts,
some as yet unrecognized qualitative defects in im-
mune function might also have affected their abil-
ity to eradicate HCV. Finally, we used a fixed, 800-mg
daily dose of ribavirin. In patients with HCV infec-
tion alone, a recent trial showed that even higher
doses of ribavirin (1000 or 1200 mg per day) result-
ed in better rates of sustained virologic response in
patients infected with HCV genotype 1.

 

6

 

 This find-
ing provides a rationale for the use of a higher ini-
tial dose of ribavirin in future studies.

Patients who did not have an early virologic re-
sponse at week 12 were highly unlikely to have a
sustained virologic response. The negative predic-
tive value of the absence of an early response was
not improved when such a response was defined
as occurring by week 24. Thus, in accordance with
current guidelines for HCV-infected patients with-

out HIV coinfection, discontinuation of therapy can
be considered if patients do not have a virologic re-
sponse by week 12.

 

5

 

The spectrum and frequency of adverse events
were similar to those previously reported in HCV
infection.

 

7

 

 Hematologic abnormalities were more
frequent among patients treated with peginterfer-
on alfa-2a. The overall frequency of AIDS-defining
events and of death, as well as events associated
with mitochondrial toxicity, such as pancreatitis
and lactic acidosis, was low, and it was similar
among the treatment groups. Although combina-
tion therapy was associated with a decline in abso-
lute CD4+ cell counts, it had no effect on the CD4+
percentage. Notably, mean HIV RNA levels did not
increase during treatment with peginterferon alfa-
2a and, in fact, decreased by approximately 0.7 log

 

10

 

copy in patients who had detectable HIV-1 RNA at
baseline.

The overall rate of sustained virologic response
among patients treated with peginterferon alfa-2a
plus ribavirin (40 percent, as compared with 12 per-
cent for those treated with interferon alfa-2a plus
ribavirin) was considerably higher than that in
other recent trials of peginterferon and ribavirin
in patients with both HIV and HCV infection.

 

16,17

 

In the AIDS Clinical Trials Group A5071 study,

 

16

 

the rates of sustained virologic response were 27
percent with peginterferon alfa-2a plus ribavirin
and 12 percent with interferon alfa-2a plus ribavi-
rin. The rates of sustained virologic response were
similar in a French multicenter study that com-
pared peginterferon alfa-2b plus ribavirin with in-
terferon alfa-2b plus ribavirin (26 percent vs. 18 per-
cent).

 

17

 

 Although the results must be interpreted
with caution, there are several possible reasons for
the better responses observed in our trial. These in-
clude differences in study design, the use of a dif-
ferent type of peginterferon in one study

 

17

 

 and a
different dose of ribavirin in the other,

 

16

 

 and dif-
ferences in patient populations.

In conclusion, our results demonstrate that the
current regimen used for the treatment of chronic
hepatitis C alone can also be applied to patients
coinfected with HIV and HCV. Peginterferon alfa-2a
plus ribavirin has a favorable risk-to-benefit ratio
when used to treat such patients, a substantial pro-
portion of whom are likely to benefit from therapy
with this combination.
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sität, Frankfurt, Germany; R. Sterling, M. Sulkowski, Johns Hopkins University, Baltimore; K. Tashima, Miriam Hospital, Providence, R.I.;
C. Taylor, Kings Healthcare, London; R. Torres-Ibarra, C. Trepo, Hôpital Hôtel-Dieu, Lyon, France. The members of the Safety Review
Board were as follows: Stefan Mauss, Düsseldorf, Germany; Dominique Larrey, Hôpital St.-Eloi, Montpellier, France; and William Valenti,
Rochester, N.Y.
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