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Background—HCV/HIV coinfection treatment is suboptimal with low SVR rates to standard
therapies. A multicenter randomized clinical trial designed to assess the efficacy/safety of
pegylated-interferon maintenance therapy was performed by the NIH-funded ACTG network.

Methods—HCYV treatment naive and non-responding interferon-experienced subjects with
confirmed HCV and HIV, CD4>200 cells/mm3, and at least Stage 1 fibrosis were enrolled, and
treated for 12 weeks with pegylated interferon alfa 2a 180 mcg/week (PEG) + weight-based
ribavirin to determine response status. Non-responder subjects (failure to clear HCV RNA or
achieve 2-log drop) underwent liver biopsy and were randomized to receive full dose PEG or
observation only for 72 weeks. Paired biopsies were evaluated by a central pathologist.

Results—330 subjects were enrolled; median age was 48 years; 43% White, 37% Black, non-
Hispanic; 83% male; CD4+ 498 cells/mm3; 32% were interferon experienced; 74% had entry HIV
RNA<50 cp/ml. EVR was observed in 55.9% and 42.5% achieved cEVR. A planned interim
analysis of occurred when 84 subjects were randomized. With data on 40 paired biopsies
available, a safety monitoring board stopped the trial due to lack of fibrosis progression (median =
0 Metavir units/year) in the observation arm.

Conclusion—Lack of fibrotic progression in the control arm was unexpected, and may represent
a short-term PEG/ribavirin therapy effect, high levels of HIV viral suppression and use of
antiretroviral regimens that may be less toxic than prior generations of therapy.
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INTRODUCTION

Hepatitis C infection is a primary etiology of liver injury in patients with HIV infection,
though other factors including drug hepatoxicity, steatosis and other coinfections may also
play a role.1 HCV/HIV coinfection is associated with increased rates of fibrotic progression,
higher rates of cirrhosis in cross-sectional analyses and more rapid progression to end-stage
liver disease compared to those with either HCV or HIV monoinfection.2~7 An analysis
comparing HCV monoinfected and coinfected hemophilics showed that coinfection was
associated with higher fibrosis scores and a higher proportion of advanced fibrosis/cirrhosis
after controlling for age, demographic features or other laboratory parameters.8 Treatment
of HCV in the setting of HCV/HIV coinfection yields suboptimal results with a significant
decrement in sustained viral response compared to those with HCV monoinfection who
undergo interferon-based therapies.9

For the last decade, there has been considerable interest in the concept of viral suppressive
therapy in HCV treatment non-responders as a means of ameliorating fibrotic progression in
subjects who were classified as treatment non-responders. Multicenter clinical trials
designed to test this concept in patients with HCV monoinfection included HALT-C,
EPIC-3 and COPILOT. In 2004 the National Institute of Allergy and Infectious Diseases
(NIAID)-funded Aids Clinical Trials Group (ACTG) embarked on a randomized, controlled
trial designed to elucidate the role of maintenance therapy in HCV treatment non-responders
with HCV/HIV coinfection.

SUBJECTS & METHODS
Study Design

Enrollment of the A5178 clinical trial began in August 2004 and the last subject entered the
study in April 2007. In total, 330 subjects were enrolled in this prospective, randomized,

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

Page 3

open-label, controlled trial (National Institutes of Health Registration number
NCT00078403) designed to determine the effects of PEG maintenance therapy on fibrotic
progression in HCV/HIV coinfected subjects. The overall schema is shown in Figure 1. All
eligible subjects were initially treated with pegylated interferon alfa 2a 180 mcg SQ per
week (PEG) plus weight based ribavirin (WBR) administered orally in divided doses
according to body weight (1000 mg for <75 kg; 1200 mg for >75 kg). The initial treatment
period of twelve weeks was used primarily to provide classification of early virologic
responder (EVR) vs. non-responder (NR) status prior to randomization of NR to
maintenance therapy vs. untreated control. This period was called “Step 1”. Between Week
12 and 18, study medications were continued pending classification of response status. HCV
RNA was determined based upon the Week 12 collection; subjects who had at least a two
log decrease in HCV RNA from baseline or who were virus undetectable (<600 1U/ml) were
EVRs and all other were NRs. NR subjects underwent liver biopsy and were then
randomized via a centralized process to receive full-dose PEG for 72 additional weeks
(maintenance), or observation with no treatment (control or observation). This period was
defined as “Step 2” of the protocol. At Step 2 completion all subjects discontinued
treatment, and underwent repeat liver biopsy. Subjects who responded to Step 1 therapy
entered an unrandomized 72 week treatment cycle (Step 3) whose outcome will be described
in subsequent publications.

Subject Eligibility

Step 1 of the study enrolled subjects of either gender at least 18 years old who were
coinfected with HCV and HIV. HIV-1 infection was documented by a positive ELISA assay
confirmed by western blot, HIV-1 culture, HIV-1 antigen, or HIV-1 RNA. All subjects were
required to have HIV-1 RNA <50,000 copies/ml and a CD4 count of >200 cells/mm?3. HCV
viremia, defined as detectable levels of HCV RNA by RT-PCR or bDNA was also required.
All study subjects underwent liver biopsy within 104 weeks prior to Step 1 and were
required to have at least Stage 1 fibrosis as determined by the local pathologist. Biopsies
required for Step 1 entry were not centrally reviewed, and are not available for further
assessment and scoring. Subjects could be either HCV treatment naive or experienced.
Laboratory criteria required for entry included: ANC>1000/mm3; hemoglobin >11 for men
and >10 g/dl for women; platelets >70,000/mm3; creatinine <1.5 mg/dl; INR <1.5; ALT and
AST and alkaline phosphatase <10x upper limit of normal (ULN); direct bilirubin <1.5 mg/
dl; lipase <1.5x ULN; and a normal TSH (or normal thyroid function on full thyroid panel).
Female and male subjects with reproductive potential agreed to use two forms of approved
contraception. Subjects were eligible for Step 2 if they met the definition for NR in Step 1,
or if they were treated outside of Step 1 with a pegylated interferon and ribavirin that
fulfilled the same criteria as required of subjects directly enrolling from Step 1. In an
amendment, a rollback option was incorporated which permitted subjects from Step 3 who
had up to 42 weeks of PEG/WBR and were HCV positive to enroll in Step 2 after obtaining
an entry liver biopsy.

Subjects were excluded if they had AIDS-defining opportunistic infections within 12 weeks
prior to Step 1 or Step 2 entry. Key exclusion criteria for both Step 1 and Step 2 included:
evidence of decompensated liver disease or other significant liver disease (including
hepatitis B, acute hepatitis A, hemochromatosis, or homozygotic alpha-1 antitrypsin
deficiency); recent steroid use; active drug/alcohol abuse that would interfere with study
adherence, uncontrolled seizure disorders; uncontrolled active depression; history of
autoimmune processes that could be exacerbated by the treatment regimen; or history of
major organ transplantation.
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Recruitment and Clinical Assessments

Subjects were enrolled at 36 ACTG Clinical Units within the United States providing a
broad geographic representation of enrolled subjects. Following Step 1 entry, subjects were
seen at Weeks 2, 4, 8 and 12. Study medications were continued during the six week period
when HCV RNA from Week 12 was used to determine response status. During this period a
liver biopsy was performed if the subject was classified as a NR. Following Step 2
randomization, subjects were seen at Weeks 2, 4, 8, 12, 16, 24, 32, 40, 48, 56, 64 and 72
from that time point. Thus total time of drug exposure was planned to be 12 + 2-6 + 72
weeks for subjects randomized to PEG maintenance. Routine clinical and laboratory
assessments for safety were performed at study visits. Following completion of dosing
(Maintenance) or observation (Controls), a liver biopsy was performed at Week 72.

Liver biopsies from Step 2 entry and completion were transferred to a central site where they
were de-identified and coded. Biopsies were then shipped to the central pathologist (ZDG)
at the Armed Forces Institute of Pathology where they were evaluated in a blinded manner
using the Metavir and Ishak scoring criteria.

HCV RNA was tested using Roche Cobas Amplicor assay with a lower detection limit of
600 1U/ml for the quantitative assay (used on Step 1) and 60 1U/ml for the qualitative assay
(used on Step 2). HIV RNA was tested at a central laboratory using Roche Ultrasensitive
HIV RT PCR with a lower limit of quantification of 50 copies/ml.

Sample Size, Randomization and Statistical Analysis

The sample size was based on the Step 2 design. Published data from Benhamou et al.
suggested that untreated subjects would progress 0.18 Metavir fibrosis units/year or 0.27
units in 18 months.2 A clinically significant difference in fibrosis was assumed to be
reduction in the rate by 0.05 fibrosis units/year. Assuming a standard deviation of 0.107
Metavir units/year and use of Wilcoxon rank-sum test, 134 subjects would be needed to
provide 80% power with a one sided alpha of 0.05. This allowed for an overall dropout rate
of 10% of subjects enrolled in Step 2. To meet the target sample size in Step 2, we initially
estimated a Step 1 lead-in enroliment of 180 subjects. However, early monitoring revealed a
higher proportion of EVRs than expected and a lower rate of subjects directly enrolling from
non-Step 1 treatments than anticipated. This led the study team to increase the Step 1
enrollment to a maximum of 330 subjects. Step 2 was randomized with permuted blocks
stratified by pre HCV treatment CD4 <200, =200, unknown. The randomization was
performed at a central site, and the sites and subjects were not blinded to the assigned
treatment arm.

Statistical analysis was performed using Statistical Analysis System, Version 9.2 (SAS
Institute Inc). Wilcoxon rank-sum tests were used to test statistical significance of
differences between treatment arms in continuous measures, including the primary endpoint,
change in Metavir fibrosis score scaled by time between the Step 2 entry and exit biopsies.
Changes within group in continuous measures used Wilcoxon signed rank tests.
Comparisons of categorical measures between two groups used Fisher’s exact tests. EVR
was evaluated using intention-to-treat (ITT) criteria wherein subjects without Week 12 HCV
RNA data were considered failures. EVR rate was summarized with a two-sided 95% exact
binomial confidence interval to allow comparisons with EVR rates observed in previous
studies. Age, race, gender, prior IFN use, HCV genotype, cirrhosis on pre-Step 1 liver
biopsy, injection drug use history, and baseline BMI, CD4 cell count, HIV RNA, HCV
RNA, ALT, AST, alkaline phosphatase, ANC and hemoglobin were chosen a priori to be
studied as predictors of EVR. In addition to using contingency tables and Fisher’s exact
tests, EVR predictors were assessed in simple and multi-covariate logistic regression. As
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specified by the protocol, a one-sided alpha of 0.05 was used for the primary endpoint (rate
of fibrosis progression on Step 2). For all the other comparisons, two-sided p-values <0.05
were considered statistically significant.

Ethical Issues

The clinical protocol was reviewed and approved by NIAID and FDA. All subjects were
provided informed consent which was IRB approved at all clinical sites. The study was
conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. An
independent Safety Monitoring Committee provided oversight during the conduct of the
trial.

RESULTS

Demographic and Baseline Characteristics

Three hundred thirty subjects enrolled in Step 1; 329 received at least one dose of study
medications. Demographics are summarized in Table 1. The majority of subjects were male
(83%). The median age was 48 years. Race was self-reported; 43% were white, non-
Hispanic, 37% black, 15% Hispanic. Thirty-two percent had previous interferon experience
and 74% had undetectable HIVV-1 (RNA<50 copies/ml). The median CD4 was 498 cells/
mm3. The entry liver biopsy was obtained within less than six months prior to enrollment in
66% of subjects and within 12 months in 82%. Cirrhosis was present in 13% of subjects who
entered Step 1. The median baseline HCV RNA titer was 3.98 x 10 1U/ml. HCV genotype
1 or 4 was present in 86% of subjects.

Step 1 Outcomes: Early Viral Response

The observed early viral response (EVR) was 55.9% (95% CI: 50.4% — 61.4%). Univariate
analysis of factors associated with EVR is shown in Table 2. EVR was much more common
in subjects with Genotype 2,3 (90.7%, 39/43) vs. those with Genotype 1,4 (50.5%, 143/283,;
p<0.0001). Race was also an important factor in univariate analysis of treatment response.
As shown in Figure 2, African-Americans and Hispanics were much less likely than
Caucasians to achieve EVR (p<0.001). Interestingly, males were more likely to have EVR
than females, p=0.03). This and other univariate associations were explored using
multicovariate logistic regression models. There were complex associations between race,
gender, and ANC. In some models, an influence of body weight in women but not men was
observed. The sparse data available at this level of analysis, especially in subsets of women,
precludes drawing definitive conclusions regarding the analysis of predictors. Complete
EVR, defined as undetectable HCV RNA (<600 IU/ml) following 12 weeks of therapy was
observed in 42.5% of the subjects (ITT). Highly significant differences in cEVR were also
observed when comparison between Caucasians, African Americans and Hispanics was
performed (p<0.001, Figure 2)

Step 2 Outcomes: Maintenance Therapy for Non-responders

Of the 297 subjects who completed 12 weeks of initial therapy in Step 1, 113 were classified
as treatment non-responders, and could have been considered for Step 2, the maintenance
therapy vs. untreated control portion of the study. One additional subject was thought to be
eligible from Step 1, but was subsequently found to have had a 2-log drop in HCV viral load
from baseline. Another 5 subjects were admitted to Step 2 randomization by either direct
admission (n=3) or Step 3 rollback (n=2). Thirty-three subjects went off study without
entering Step 2 (details in Tolerability and Safety), leaving 86 subjects who underwent liver
biopsy, Step 2 entry and randomization; 44 subjects in the Maintenance arm and 42 subjects
in the Observation arm.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

Page 6

In April 2007, the SMC reviewed study progress. As noted above, our hypothesis assumed
fibrosis progression of 0.18 Metavir units/year in the observation arm and that the PEG
maintenance therapy would reduce the rate of fibrosis progression. At the time of the SMC
review, no fibrosis progression was observed in the observation arm. Statistical
extrapolation of possible outcomes indicated that it was highly unlikely that continuation to
full enrollment would result in a statistically meaningful difference between study arms.
Therefore, the SMC recommended the randomized component of SLAM-C be closed to
further enrollment and the study team discontinued scheduling and performance of pending
Step 2 entry and exit liver biopsies to prevent risk exposure in those subjects. There were no
safety concerns.

To ensure uniform follow-up, the primary report was based upon 62 subjects (33 in the
maintenance, 29 in the observation arm) who entered Step 2 at least 72 weeks prior to the
Step 2 closure or had paired biopsy data available. The two treatment arms were similar with
respect to age (median 49 and 48 years in the PEG vs. observation arm, respectively),
gender (73% vs. 72% male), race (52% vs. 55% black, 33% vs. 28% white and 15% vs. 14%
Hispanic), HIV<50 (67% vs. 79%), CD4 (median 389 vs. 373 cells/mm3), HCV RNA
(median 5.8 vs. 5.6 log 1U/mL), HCV genotype (97% vs. 93% had genotype 1 or 4),
cirrhosis (15% vs. 28%) and prior interferon treatment (55% vs. 34%). The arms were also
comparable in terms of Step 2 entry Metavir fibrosis scores; 43% had a score of 0-1; 28%
with 2; 15% scored 3; and 13% with 4.

Of the 62 subjects, 47 had paired liver biopsy data available for the final analysis; 26 in the
maintenance and 21 in the observation arm. The median change in Metavir fibrosis score
was 0 in both arms (p= 0.84), with a range of —1.43 fibrosis units to + 1.44 fibrosis units/
year in the maintenance arm, and —0.73 to 1.31 in the untreated control arm. The results of
the paired biopsy comparison between the maintenance and observation arms are graphically
summarized in Figure 3. Various sensitivity analyses were performed to incorporate data
from subjects lacking evaluable biopsy information (15 subjects of the 62); all yielded
results consistent with the results from complete cases provided above. Multiple analyses of
subgroups defined by demographic, virologic and clinical criteria failed to find any
meaningful differences in fibrosis level. Though the primary hypothesis was based upon
change in the Metavir fibrosis score, the central pathologist also provided staging using the
Ishak scoring system, which provides more granularity at the level of advanced fibrosis. Use
of Ishak fibrosis scores did not change the outcome.

Among subjects with paired biopsy data, the inflammatory activity on biopsy was similar at
the initiation of Step 2 (median of 5 vs. 6 Ishak score in the PEG vs. observation arm;
p=0.22). However, inflammation increased in untreated subjects randomized to the control
arm (median change of +1.31 units on Ishak inflammatory score scale, p<0.01), and was
stable (median change of 0) among subjects in the maintenance arm. However, this
difference between arms failed to reach statistical significance with a pre-defined two-tailed
test (p=0. 10). ALT was not associated with change in the inflammatory score.

Retention, Tolerability & Safety

Figure 4 shows the overall subject flow in the study including stage of discontinuation.
During the first 12 weeks of lead-in treatment during Step 1, 32 subjects (9.7%)
discontinued treatment prior to reaching the decision point at Week 12. These include three
deaths, including one judged to be likely related to the use of dd| (didanosine) and ribavirin
leading to development of fatal pancreatitis. Eight subjects withdrew consent, and another
eight reported severe debilitation that led to their withdrawal. Five subjects were not
adherent and five met an endpoint requiring withdrawal from the study. Of the latter group,
4/5 had non-protocol defined low grade toxicities, but refused to re-challenge with drug and
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one had a protocol defined toxicity of Grade 3 absolute neutrophil count despite protocol
mandated drug hold of 28 days. Three subjects were lost during this period to miscellaneous
reasons related to travel and follow-up issues. Of 113 NRs, 33 went off study without
registering to Step 2. Nearly 1/3 of these (n=9) went off study due to the SMC recommended
closure of Step 2. Among the remaining 24 subjects, there were multiple reasons for being
ineligible for Step 2: severe debilitation (1), thrombocytopenia (1), missed doses in Step 1
(2), inability to get liver biopsy (6), fibrosis score of zero (1), Child-Pugh B (1),
opportunistic infection (1), seizures (1), depression with suicidal ideation (1) and inability to
randomize during required window (3). The remaining 6 withdrew consent (5) or were
unable to travel to the clinic (1). Among subjects who were randomized and followed in
Step 2, four subjects in the maintenance arm and three subjects in the observation arm failed
to continue per protocol. These include one subject in the control arm who died on study
Week 66 from overdose of trazodone. Three subjects in the Step 2 maintenance arm and one
subject in the observation arm were unwilling to adhere to study requirements, one subject
in the control arm withdrew consent and one subject in the maintenance arm was severely
debilitated.

Figure 5 shows the distribution of observed laboratory toxicity grades between the two Step
2 arms. The protocol required reporting of signs and symptoms and laboratory toxicities that
were Grade>3 or led to a change in treatment regardless of grade. Finding of “any toxicity”
was more common in the treatment arm (n=28 of 33), than in the control arm (n= 17 of 29).
However, most toxicities were mild/moderate (Grade 2—-3). There were 7 grade 4 toxicities
reported in the maintenance arm and 3 in the observation arm. In the maintenance arm, three
were related to low absolute neutrophil counts, three to high gamma-glutamy| transpeptidase
(GGT) and one to high fasting blood sugar. In the observation arm, high uric acid, high
glucose and high ALT were observed.

DISCUSSION

HCYV treatment in the setting of HIV infection remains a difficult and challenging
management issue. The combination of faster rates of hepatic fibrosis combined with lower
rates of response to standard of care therapy, when compared to HCV monoinfection,
underscores the need to explore variations of management paradigms to reduce disease
impact in this population. The SLAM-C study focused on the role of maintenance therapy to
modulate fibrotic progression, but also included elements that permitted exploratory
examination of the role of weight-based ribavirin, the effect of race on interferon-based
therapy response and for responders, the tolerability and effect of prolonged treatment
regimens.

The concept of maintenance therapy for HCV arose in the 1990s from several distinct lines
of reasoning and evidence. First, analysis of cohort data suggested an altered natural history
for patients who had undergone interferon-based therapy but failed to achieve SVR. Reports
suggested that both hepatic fibrosis and the risk of hepatocellular carcinoma (HCC) were
reduced.10712 This concept was supported in examination of data from randomized clinical
trials. Shiffman et al. selected and randomized subjects with significant (>50% decline from
baseline) histologic response to continue to maintenance therapy. Notably, the group
reported that a one log drop in HCV viral load was associated with decreased hepatic
fibrosis in a treatment group. 13 These observations were congruent with a growing body of
data from the HIV field that demonstrated that degree of viral suppression was closely
linked to clinical outcomes.14 Finally, the absence of a therapeutic intervention for HCV
that was effective and tolerable in the majority of treated patients led to a growing interest in
defining the role of interferon maintenance therapy for HCV in non-responder patients.15
This interest culminated in the development of several large multicenter trials for HCV
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including HALT-C, EPIC and COPILOT. Similarly, the NIH-funded AIDS Clinical Trials
Group (ACTG) supported the development and implementation of the SLAM-C
maintenance therapy trial in HCV/HIV coinfected patients.

In the last year, it has become clear that interferon maintenance therapy in HCV
monoinfection may not represent a viable modality for management of HCV non-responder
patients. The HALT-C trial randomized 1050 subjects with advanced fibrosis to receive
either half-dose pegylated interferon alfa 2a or no therapy for 3.5 years. There was no
difference between groups in any primary outcome (death, HCC, hepatic decompensation or
increased fibrosis score by > 2 points in those with bridging fibrosis).16 Though our sample
was considerably smaller than that analyzed in HALT-C, the projected rates of progression
were significantly greater, permitting the smaller sample size that was utilized in our design.
Data regarding long-term outcomes of patients in EPIC-3 and COPILOT remain
unpublished, though interim results of COPILOT were presented previously, and these did
suggest that certain clinical outcomes may be modulated by maintenance therapy.17
Another randomized trial found a numerical, but not statistically meaningful advantage to
prolonged therapy of cirrhotic patients when clinical outcomes were the endpoint of interest.
18 Though the sample size was small in SLAM-C compared to HALT-C, the study
population and the intervention design were selected to reflect previously reported
differences between mono- and coinfection. However, a recent meta-analysis pooled 17
reports of fibrosis progression, and reported a lower rate of fibrotic progression than our
study was powered to evaluate (0.11-0.12 Metavir units/year).19 These data were not
available at the time SLAM-C was designed however. Extrapolating the metanalysis
findings to our study, we would have expected at least a 0.11 worsening in the Metavir
score, but in fact there was no worsening of fibrosis in the control arm. The reason for
failure to see progression in the control arm is unclear, but several hypotheses may be
considered. It is possible that the initial twelve weeks of therapy halted progression long
enough to prevent fibrotic progression during the subsequent 72 weeks. Additionally, it is
possible that the high rate of HIV viral suppression was associated with decreased rates of
fibrotic progression compared to early reports derived from untreated/inadequately treated
HIV populations. In our study, 74% of subjects had undetectable HIV RNA. In contrast,
Benhamou et al. reported that while 67.2% of subjects were receiving anti-HIV therapy, few
were on HAART (10.9%). The median CD4 count was 305 cell/mm3 In addition, heavy
alcohol use was an important cofactor in fibrosis progression in prior literature, but active
alcohol abusers were excluded from the SLAM-C study.2 Subsequent analysis of this cohort
suggested that both protease inhibitor use and undetectable HIV viremia were associated
with decreased fibrotic progression, though viral undetectability fell out of a multivariate
model.20 However, Brau et al. has reported slower fibrosis progression in coinfected
patients with HAART-associated HIV suppression.21 This is further supported by a recent
paper which used transient elastography to suggest that fibrosis rates in HCV/HIV
coinfected subjects was now similar that seen in HCV monoinfection.22 Finally, we suspect
that there has been a significant evolution in antiretroviral therapy which is reflected in
decreased rates of drug-associated hepatoxicity. For example, SLAM-C discouraged use of
didanosine during HCV treatment, an agent which was associated with significant
hepatotoxicity in prior clinical trials and few patients used this agent. 23. Subsequently this
guidance has been reflected in the product insert which indicates that co-administration of
ribavirin and didanosine is not recommended. (from product insert, Genentech dated June
2010).

This study has several limitations. The underlying assumptions regarding rates of fibrotic
progression may have overestimated the actual rates that occur in subjects using current and
less hepatotoxic antiretroviral regimens. Another limitation of this study is our inability to
characterize the effects of initial histologic response (during the first 12 weeks of therapy)
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on subsequent response during the maintenance phase due to the lack of access to the slides
for centralized review of pretreatment biopsies. Since the study did not permit enrollment of
patients with very high HIV viral load (>50,000 copies/ml) and very low CD4 (<200 cells/
mm?3) any conclusions drawn may not be generalized to these subpopulations. Finally, the
proportion of woman enrolled did not permit detailed sub-analysis of gender associations
with histologic response.

This clinical trial did provide valuable information regarding treatment response to
pegylated interferon with weight-based ribavirin. Prior studies of treatment of HCV in the
setting of HIV utilized either fixed dosing with 800 mg daily of ribavirin (APRICOT,
RIBAVIC) or a unique dose-escalation regimen (600-1000 mg/day) in ACTG 5071.24726
The dose approved by the U.S. FDA is 800 mg/day for use in coinfected patients. The
SLAM-C study utilized weight based dosing of ribavirin in the entry Step 1 of the protocol.
However, this study was performed in a highly comparable population to that utilized in
ACTG 5071.25 The EVR rate in SLAM-C was 56% which is somewhat higher than a
historic comparison of 47% (95% CI: 34-60%) in the PEG/Ribavirin arm of ACTG A5071
(personal communication from RTC). In fact, EVR rate was so high that early planned
interim analysis required resizing of the sample population from Step 1, since there was a
concern that a lack of non-responders would jeopardize Step 2 enrollment. Similarly, the
PRESCO trial also utilized weight-based ribavirin also reported higher response rates than
previously noted in coinfection trials which they attributed to the increased ribavirin dosing.
27 However, data from both trials are uncontrolled, and should be used with caution when
selecting the ribavirin dose in HCV/HIV coinfected patients. A controlled trial of ribavirin
dosing in coinfected patients is in progress which may provide additional insights to this
issue (NCT00353418).

SLAM-C does provide a unique window into racial disparities in treatment response in
coinfected patients. Prior large multicenter trials in HCV/HIV coinfection enrolled relatively
few minority subjects, while this study is much more reflective of the U.S. population of
HCV/HIV coinfected patients. In SLAM-C more than 50% of subjects were not Caucasian,
permitting a unique comparison of the effect of race on the biological response to pegylated
interferon/ribavirin on viral decline. EVR was significantly less common in African-
Americans and Hispanic subjects, consistent with reports in HCV monoinfected patients.28™
30 Some experts had previously suggested that the overall decrement in interferon-based
treatment response in those with HIV would blur the race effects, but our data clearly shows
that race remains a significant factor in treatment outcome. However, the confounding role
of potential response confounders (e.g. BMI, gender) do not permit detailed attribution of
the race effect size. The proportional differences between EVR and cEVR that are illustrated
in Figure 2 are also worth noting. These data support that concept of decreased rates of viral
decline in minority populations. In 2009, several reports describing the relationship between
IL-28b polymorphisms, viral clearance and treatment outcome and race were published.31:
32 These studies clearly demonstrate that viral clearance is associated with specific
polymorphism near and within the coding domain for the IL-28b gene, and explain a
significant portion of observed racial disparities. The SLAM-C cohort has not undergone
analysis of the distribution of these polymorphisms, but such studies are planned.

In summary, the SLAM-C trial failed to find evidence of hepatic fibrosis progression among
an untreated control group followed for 72 weeks after a short course of pegylated
interferon/ribavirin therapy. Further investigation of the mechanism(s) associated with a halt
in fibrotic progression are warranted. Finally, race appears to be an important factor in
response to interferon-based therapy in HCV/HIV coinfected subjects. The association of
this finding with 1L28b polymorphisms is under active investigation.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

Page 10

Acknowledgments

We are indebted to the subjects and to the following for their participation in this protocol:

Charles Bradley Hare, MD, Joann Volinski, RN- San Francisco General Hospital (Site 801)
5U01AI1069502-03;1lene Wiggins, RN, Andrea Weiss, RPh- Johns Hopkins University (Site 201)A169465;U54-
RR023561;Judith Feinberg MD,Diane Daria, RN, BSN, ACRN-(Site 2401) A1069513;Princy Kumar MD,Karyn
Hawkins RN-Georgetown University (Site 1008) 5U01A1069494;Mamta Jain, MD,Tianna Petersen, MS-UT
Southwestern Medical Center, Dallas (Site 3751)3-UO1A1046376-05S4;Deborah McMahon, MD,Nancy Mantz,
MSN, RN-University of Pittsburgh CRS(Site 1001U01A1069494;Christine Hurley, RN, Roberto Corales, DO
AIDS Community Health Center(Site 1108)U01Al1069511-02;5-MO1RR00044; (Site 2503);Julie Hoffman, R.N.,
Susan Cahill, R.N.-UCSD (Site 701)A169432; Amneris Luque MD,Mary Adams, RN-University of Rochester (Site
1101)U01A1069511-02;5-MO1RR00044;William O'Brien M.D.,Gerianne Casey R.N.-University of
Texas,Galveston (Site 6301);Gregory Robbins, M.D.,Amy Sbrolla, RN, BSN-Massachusetts General Hospital (Site
101) IUO1A1069472;Nancy Hanks, RN,Scott Souza, PharmD-University of Hawaii, Manoa (Site
5201)A134853;Pete Gordon, MD,Jolene Noel-Connor, RN-Site Columbia University HIV Prevention and
Treatment CRS (Site 30329);John Koeppe,Graham Ray-University of Colorado Hospital (Site
6101)A169450;RR025780; Al54907;Jane Norris, PA-C, Debbie Slamowitz, RN, BSN-Stanford University (Site
501)A1069556;Scott Hamilton, RN,Raymond Johnson, MD-Indiana Univ. School of Medicine, Wishard Memorial
(Site 2603)AI125859;Karen Tashima MD,Deborah Perez RN-Miriam Hospital (Site 2951)A1069472;Jorge Santana
Bagur, MD, Olga Mendez,MD-Puerto Rico-ACTU (Site 5401)U0I Al069415-03; P20 RR 11126;Ge-Youl Kim RN
BSN, Michael Royal RpH-Washington University (Site 2101)U01A106949s-02;Ardis Moe MD, Maria Palmer, PA-
UCLA CARE Center (Site 601)U01A106942;M01-RR00865; Nyef EI-Daher MD and Mary Adams, RN, MPh-
McCree McCuller Wellness Center/Connection Clinic (Site 1107)U01A10695;5-MO1 RR00044; (Site 6206);Susan
Swindells MBBS, Frances Van Meter APRN- University of Nebraska Medical Center (Site 1505)Al27661;Richard
Green, MD, Karen Coleman, RN-Northwestern University (Site 2701)Al069471;Susan Blevins, FNP-C,Alexandra
Nesbitt, PA-C-UNC AIDS Clinical Trials Unit (Site 3201)A1069423-03, RR000046-48, Al050410(-11);Janet
Forcht, RN, Judith Aberg, M.D.-New York University/NYC HHC, Bellevue Hospital Center (Site 401) Al27665,
Al069532, MO1RR00096;Raymond Johnson, MD, Jean Craft, NP, MSN-Indiana University (Site
2601)A125859;Mary Albrecht, MD, Lynn Bubley, RN-Beth Israel Deaconess (Partners/Harvard) (Site
103)U01A1069472-03;Paul Edward Sax, M.D.,Joanne Delaney RN BSN- Brigham and Women's Hospital (Site
107)UOI Al 069472;Manuel Revuelta, MD, Donna Mildvan, MD-Beth Israel Medical Center (Site
2851)Al146370;Valery Hughes, N.P.,Christina Megill, P.A.-(Site 7804)Al-69419;UL1 RR024996;Sandra Valle,
PA-C,Debbie Slamowitz, RN, BSN-Santa Clara Valley Medical Center (Site 506)A1069556;Connie Funk, RN,
MPH, Luis M. Mendez, BS-University of Southern California (Site 1201)A1069428;Vicki Bailey, RN, Fred
Nicotera-Vanderbilt University (Site 3652)A1069439;Scott Parker, M.D.,Melinda Robertson, RN-Alabama
Therapeutics CRS (Site 5801)A1069452; MO1RR-00032.

Support : The project described was supported by NIAID funding to the ACTG including U01 Al068634, U01
Al38858, U01 Al068636, an NIDDK K24 DK070528 to KES and an RO1 16065 to MS. Also supported in part by
the General Clinical Research Center Units funded by the National Center for Research Resources. The content is
solely the responsibility of the authors and does not necessarily represent the official views of the National Institute
of Allergy and Infectious Diseases or the National Institutes of Health. Study drug and other support was provided
by Roche Pharmaceuticals. Statistical analysis of the entire data sets pertaining to efficacy and safety have been
independently confirmed by a biostatistician who is not employed by the corporate entity; and the corresponding
author had full access to all of the data and takes full responsibility for the veracity of the data and analysis.

References

1. Sherman KE, Peters M, Koziel MJ. HIV and liver disease forum: conference proceedings.
Hepatology. 2007 Jun; 45(6):1566-1577. [PubMed: 17538932]

2. Benhamou Y, Bochet M, Di Martino V, et al. Liver fibrosis progression in human
immunodeficiency virus and hepatitis C virus coinfected patients. The Multivirc Group.
Hepatology. 1999; 30(4):1054-1058. [PubMed: 10498659]

3. Di Martino V, Rufat P, Boyer N, et al. The influence of human immunodeficiency virus coinfection
on chronic hepatitis C in injection drug users: a long-term retrospective cohort study. Hepatology.
2001 Dec; 34(6):1193-1199. [PubMed: 11732009]

4. Mohsen AH, Easterbrook PJ, Taylor C, et al. Impact of human immunodeficiency virus (HIV)

infection on the progression of liver fibrosis in hepatitis C virus infected patients. Gut. 2003 Jul;
52(7):1035-1040. [PubMed: 12801963]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

10

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

J Acqu

Page 11

. Bica I, McGovern B, Dhar R, et al. Increasing mortality due to end-stage liver disease in patients

with human immunodeficiency virus infection. Clin Infect Dis. 2001; 32(3):492-497. [PubMed:
11170959]

. Salmon-Ceron D, Lewden C, Morlat P, et al. Liver disease as a major cause of death among HIV

infected patients: role of hepatitis C and B viruses and alcohol. J Hepatol. 2005 Jun; 42(6):799-805.
[PubMed: 15973779]

. Weber R, Sabin CA, Friis-Moller N, et al. Liver-related deaths in persons infected with the human

immunodeficiency virus: the D:A:D study. Arch Intern Med. 2006 Aug 14-28; 166(15):1632-1641.
[PubMed: 16908797]

. Sterling RK, Lyons CD, Stravitz RT, et al. Percutaneous liver biopsy in adult haemophiliacs with

hepatitis C virus: safety of outpatient procedure and impact of human immunodeficiency virus
coinfection on the spectrum of liver disease. Haemophilia. 2007 Mar; 13(2):164-171. [PubMed:
17286769]

. Shire NJ, Welge JA, Sherman KE. Response rates to pegylated interferon and ribavirin in HCV/HIV

coinfection: a research synthesis. J Viral Hepat. 2007 Apr; 14(4):239-248. [PubMed: 17381715]

. Tanaka H, Tsukuma H, Kasahara A, et al. Effect of interferon therapy on the incidence of
hepatocellular carcinoma and mortality of patients with chronic hepatitis C: a retrospective cohort
study of 738 patients. Int J Cancer. 2000; 87(5):741-749. [PubMed: 10925370]

Gramenzi A, Andreone P, Fiorino S, et al. Impact of interferon therapy on the natural history of
hepatitis C virus related cirrhosis. Gut. 2001 Jun; 48(6):843-848. [PubMed: 11358906]

Mazzella G, Accogli E, Sottili S, et al. Alpha interferon treatment may prevent hepatocellular
carcinoma in HCV-related liver cirrhosis. J Hepatol. 1996 Feb; 24(2):141-147. [PubMed:
8907566]

Shiffman ML, Hofmann CM, Contos MJ, et al. A randomized, controlled trial of maintenance
interferon therapy for patients with chronic hepatitis C virus and persistent viremia.
Gastroenterology. 1999; 117(5):1164-1172. [PubMed: 10535880]

Langford SE, Ananworanich J, Cooper DA. Predictors of disease progression in HIV infection: a
review. AIDS Res Ther. 2007; 4:11. [PubMed: 17502001]

Cornberg M, Wedemeyer H, Manns MP. Treatment of chronic hepatitis C with PEGylated
interferon and ribavirin. Curr Gastroenterol Rep. 2002 Feb; 4(1):23-30. [PubMed: 11825538]
Di Bisceglie AM, Shiffman ML, Everson GT, et al. Prolonged therapy of advanced chronic
hepatitis C with low-dose peginterferon. N Engl J Med. 2008 Dec 4; 359(23):2429-2441.
[PubMed: 19052125]

Afdhal NH, Freilich B, Black M, Levine R, Brass C. Comparison of therapy with PEG-Intron
0.5MCG/KG versus colchicine 0.6mg bid in 150 patients with cirrhosis and HCV; Interim data
from copilot. 2002

. Fartoux L, Degos F, Trepo C, et al. Effect of prolonged interferon therapy on the outcome of
hepatitis C virus-related cirrhosis: a randomized trial. Clin Gastroenterol Hepatol. 2007 Apr; 5(4):
502-507. [PubMed: 17261383]

Thein HH, Yi Q, Dore GJ, Krahn MD. Natural history of hepatitis C virus infection in HIV-
infected individuals and the impact of HIV in the era of highly active antiretroviral therapy: a
meta-analysis. AIDS. 2008 Oct 1; 22(15):1979-1991. [PubMed: 18784461]

Benhamou Y, Di Martino V, Bochet M, et al. Factors affecting liver fibrosis in human
immunodeficiency virus-and hepatitis C virus-coinfected patients: impact of protease inhibitor
therapy. Hepatology. 2001 Aug; 34(2):283-287. [PubMed: 11481613]

Brau N, Salvatore M, Rios-Bedoya CF, et al. Slower fibrosis progression in HIV/HCV-coinfected
patients with successful HIV suppression using antiretroviral therapy. J Hepatol. 2006 Jan; 44(1):
47-55. [PubMed: 16182404]

Grunhage F, Wasmuth JC, Herkenrath S, et al. Transient elastography discloses identical
distribution of liver fibrosis in chronic hepatitis C between HIV-negative and HIV-positive
patients on HAART. Eur J Med Res. Apr 8; 15(4):139-144. [PubMed: 20554494]

Fleischer R, Boxwell D, Sherman KE. Nucleoside analogues and mitochondrial toxicity. Clin
Infect Dis. 2004 Apr 15; 38(8):e79-80. [PubMed: 15095236]

ir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 12

Carrat F, Bani-Sadr F, Pol S, et al. 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 Dec 15; 292(23):2839-2848. [PubMed: 15598915]

Chung R, Andersen J, Volberding P, et al. Peginterferon alpha-2a plus ribavirin versus interferon
alpha-2a plus ribavirin for chronic hepatitis C in HIV-coinfected persons. New England Journal of
Medicine. 2004; 351(5):451-459. [PubMed: 15282352]

Torriani FJ, Rodriguez-Torres M, Rockstroh JK, et al. Peginterferon Alfa-2a plus ribavirin for
chronic hepatitis C virus infection in HIV-infected patients. N Engl J Med. 2004 Jul 29; 351(5):
438-450. [PubMed: 15282351]

Nunez M, Miralles C, Berdun MA, et al. Role of weight-based ribavirin dosing and extended
duration of therapy in chronic hepatitis C in HIV-infected patients: the PRESCO trial. AIDS Res
Hum Retroviruses. 2007 Aug; 23(8):972-982. [PubMed: 17725413]

Conjeevaram HS, Fried MW, Jeffers LJ, et al. Peginterferon and ribavirin treatment in African
American and Caucasian American patients with hepatitis C genotype 1. Gastroenterology. 2006
Aug; 131(2):470-477. [PubMed: 16890601]

Jeffers LJ, Cassidy W, Howell CD, Hu S, Reddy KR. Peginterferon alfa-2a (40 kd) and ribavirin
for black American patients with chronic HCV genotype 1. Hepatology. 2004 Jun; 39(6):1702—
1708. [PubMed: 15185312]

Muir AJ, Bornstein JD, Killenberg PG. Peginterferon alfa-2b and ribavirin for the treatment of
chronic hepatitis C in blacks and non-Hispanic whites. N Engl J Med. 2004 May 27; 350(22):
2265-2271. [PubMed: 15163776]

Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B predicts hepatitis C treatment-
induced viral clearance. Nature. 2009 Sep 17; 461(7262):399-401. [PubMed: 19684573]
Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and spontaneous clearance of
hepatitis C virus. Nature. 2009 Oct 8; 461(7265):798-801. [PubMed: 19759533]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 December 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sherman et al.

Page 13

Figure 1.

Study Schema

* denotes direct entry of nonresponders from comparable non-study treatments, or roll-back
of nonresponders from Step 1
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Figure 2.

Early viral response rates (%) by race. EVR represents either 2 log drop in HCV viral load
from baseline at 12 weeks of treatment or viral undetectable at 12 weeks. cCEVR refers to
subjects who were HCV undetectable (<600 IU/ml HCV RNA). p values by Fisher’s exact
test.
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Figure 3.

Bubble-plot of absolute change in Metavir fibrosis score for subjects in Step 2, randomized
to receive either pegylated interferon alfa for 72 weeks or observation as untreated controls.
Paired biopsies compared in blinded manner by single pathologist. Composite change in
fibrosis score shown. Bubble size is proportionate to number of subjects.
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Subject outcomes during course of clinical trial accounting for all randomized subjects. Step
2 entry total does not include direct admission/rollback subjects (n=5) or 1 misclassified
subject as described in text.
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Figure 5.
Toxicity grades during Step 2. Total numbers of patients with all toxicities greater than
Grade 1 during course of pegylated interferon maintenance vs. observation control arm.
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Characteristics of Subjects at Baseline

N | 329
Gender- Male | 274 3%)
Race
White Non-Hispanic 142 (43%)
Black Non-Hispanic 123 (37%)
Hispanic 50 (15%)
Asian, Pacific Islander 3 (1%)
American Indian, Alaskan Native | 4 (1%)
More than one race 6 (2%)
Unknown 1 (0%)
Age- Median (years) | 48
BMI-Median | 26
HIV-1 RNA- Undetectable | 245 (74%)
CD4- Median Cells/mm3 | 498
HCV Viral Load- Median 1U/ml | 3.98 x 108
HCV Genotype
14 283 (86%)
2,3 43 (13%)
Unknown 3 (1%)
Cirrhosis | 43 @3
Interferon-treatment Naive | 223 (68%)
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Univariate analysis of factors associated with EVR

Table 2

ODDS RATIO 95% ClI p—value*
White vs. Other 1.98 (1.26 —3.11) 0.0029
Male vs. Female 1.98 (1.10-3.57) 0.0224
Genotype 2,3vs 1,4 9.55 (3.32-27.42) | <0.0001
Non-cirrhotic vs Cirrhotic 2.15 (1.11-4.13) 0.0223
ANC=2500 vs. <2500 2.44 (1.56 — 3.82) 0.0001
Hgb>13 vs. <13 2.51 (1.37-459) | 0.0027
BMI <30 vs. 230 1.22 (0.73 - 2.06) 0.4503
IFN Naive vs. Experienced 1.20 (0.76-1.91) 0.4396

*
Estimates and p-values are from simple logistic regressions.
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