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Abstract
Purpose—To evaluate the effect of vicriviroc (VCV) on peripheral neuropathy (PN), the most
prevalent neurological complication of HIV infection in HIV-1–infected treatment-experienced
population.

Method—A5211 is a randomized placebo-controlled trial evaluating VCV in treatment-experienced
HIV participants failing current therapy. Participants were randomized to VCV (5, 10, or 15 mg) or
placebo with optimized ritonavir-containing antiretroviral therapy and followed for 48 weeks. PN
was defined as having at least mild loss of vibration bilaterally or ankle reflexes absent or hypoactive
bilaterally. We estimated the association between VCV (pooled doses) with PN using a logistic
generalized estimating equation. Additional outcomes included symptomatic neuropathy (SPN),
painful neuropathy (PPN), and neuropathic signs and symptoms.

Results—118 participants (92% male, 65% white, median age of 46 years, median baseline CD4
139, median HIV-1 RNA 4.58 log) were randomized (90 on VCV and 28 on placebo). VCV therapy
did not result in a statistically significant difference relative to placebo in PN (OR = 1.52; P = .39;
95% CI 0.59, 3.90) after controlling for baseline PN status and baseline neurotoxic nucleoside reverse
transcriptase inhibitor(s) use.

Conclusion—Treatment with VCV over 48 weeks failed to result in statistically significant effect
on PN in treatment-experienced participants with HIV infection relative to placebo, however
potentially important effects cannot be ruled out.
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Peripheral neuropathy (PN) is the most prevalent neurological complication of human
immunodeficiency virus (HIV) infection and occurs frequently in treatment-experienced
patients. Risk factors include increasing age, advanced HIV disease with low CD4 counts, and
neurotoxicity of antiretrovirals (ARV).1–3 Vicriviroc (VCV) is an investigational agent that
specifically binds the CCR5 chemokine coreceptor blocking HIV cell entry when this is the
coreceptor of the virus.4 Studies have suggested that CCR5-tropic HIV strains may
preferentially infect both central and peripheral nervous system cells.5,6 It has been
hypothesized that a mechanism of viral neurotoxicity is mediated by CCR5 neuronal
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receptors7; because CCR5 antagonists may cross the blood-brain barrier, these agents might
be neuroprotective.

The AIDS Clinical Trials Group (ACTG) 5211 was a phase II, double-blinded, randomized,
placebo-controlled trial designed to evaluate the safety / tolerability and virologic activity of
VCV as part of a ritonavir-containing regimen in HIV-1–infected, treatment-experienced
participants. In these analyses, we evaluated the effect of VCV on peripheral neuropathy and
individual neuropathic signs and symptoms.

METHOD
ACTG 5211

ACTG 5211 was designed to evaluate in treatment-experienced patients with R5 virus the
short-term activity, safety, and tolerability of three doses of VCV in comparison to placebo
when added to an existing ritonavir-containing antiretroviral regimen over 14 days, as well as
the long-term effects to Weeks 24 and 48 following optimization of the antiretroviral regimen
at Day 14 based on baseline genotypic and phenotypic resistance testing. Participants were
randomized to add one of three doses of VCV (5, 10, or 15 mg once daily) or a matching
placebo to their failing antiretroviral regimen; then at Day 14, they were changed to an
optimized ritonavir-containing ARV therapy regimen based on antiretroviral drug history and
resistance testing and were followed for a total of 48 weeks (Step 1). If virologic failure (a
confirmed HIV-1 RNA level of <1 log10 copies/mL below the baseline level at/after 16 weeks)
occurred, the participant entered Step 2 and received VCV based on the initial randomized
group under Versions 1.0 and 2.0 of the protocol: placebo recipients added VCV 10 mg daily;
VCV 5 mg recipients increased VCV to 10 mg; and VCV 10 and 15 mg recipients continued
VCV at the same doses. Under Version 3.0 of the protocol, all participants in Step 2 received
VCV 15 mg once daily.

Neuropathy Assessment and Neuropathic Outcomes Definitions
A neuropathy assessment was conducted at entry, Week 24, and Week 48 in Step 1, at the entry
to Step 2, and at the end of the initial 48 weeks of follow-up or study discontinuation by site
coordinators / nurses who were trained and certified to perform the neurological exams via a
web-base tutorial maintained by the Neurological AIDS Research Consortium. Two
neuropathic signs were defined: loss of vibration was defined as having at least mild loss of
vibration sensation in both great toes, and absence of reflexes was defined as having ankle
reflexes absent or hypoactive relative to the knees bilaterally. Three neuropathic symptoms
were defined: pain was any pain, aching, or burning in feet and/or legs bilaterally; pins and
needles was sensation described as feeling pins and needles in feet and/or legs bilaterally;
numbness was lack of feeling in feet and/or legs bilaterally. Symptomatic was at least one of
the three aforementioned symptoms. Peripheral neuropathy (PN) was defined by having “loss
of vibration” or “absence of reflexes.” Symptomatic neuropathy (SPN) was defined as having
PN plus being symptomatic. Painful neuropathy (PPN) was defined as having PN plus pain.

Statistical Methods
Descriptive statistics are used to describe the study sample. The primary comparisons are
between the combined VCV arms (5 mg, 10 mg, and 15 mg) versus placebo. Within-arm
changes in PN and SPN were assessed using transition tables. Posttreatment between-arm
comparisons of PN and SPN were performed using a logistic generalized estimating equation
(GEE) repeated measures analysis with an unstructured variance-covariance matrix, where
treatment arm, baseline PN (or SPN) status, and neurotoxic nucleoside reverse transcriptase
inhibitor(s) (RTI; eg, didanosine, stavudine, zalcitabine) use at baseline and at Day 14 were
used as binary covariates. Differences between study arms in individual neuropathic signs and
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symptoms, PN, SPN, and PPN at Weeks 24 and 48 were assessed using exact confidence
intervals. For participants who entered Step 2 before Week 24, the results obtained at the entry
to Step 2 were used as the Week 24 data. We analyzed the data utilizing three approaches: (1)
intent-to-treat (ITT) with missing outcomes imputed as an “event,” (2) using observed data by
randomized treatment assignment, and (3) (not shown) using observed data “as-treated.” Given
the exploratory nature of this analysis, all significant testing was performed at the .05 level,
and all reported P values are two-sided. There was no adjustment for multiple testing.

Summary of Primary A5211 Trial Results
In ACTG 5211, the analyses of the change in plasma HIV-1 RNA levels at Day 14 and Week
24 among treatment-experienced participants showed that VCV was effective at virologic
suppression relative to placebo.8 At 14 days and 24 weeks, mean changes in HIV-1 RNA level
(log10 copies/mL) were greater in the VCV groups (−0.87 and −1.51 [5 mg], −1.15 and −1.86
[10 mg], and −0.92 and −1.68 [15 mg]) than in the placebo group (+0.06 and −0.29) (P < .01).
Grade 3/4 adverse events were similar across the groups.

RESULTS
Study Participants, Demographics, and Baseline Characteristics

A total of 118 participants were enrolled with 28 and 90 randomized to placebo and VCV (the
5 mg, 10 mg, and 15 mg VCV arms combined), respectively. The VCV 5 mg arm was stopped
early by the independent Data and Safety Monitoring Board because of inferior virologic
activity, and all participants were offered to increase their VCV to 15 mg. By Week 24, ten
participants in the placebo and three in the VCV had experienced virologic failure(s) and
entered Step 2 or had their dose increased to 15 mg upon discontinuation of the 5 mg arm. At
Week 48, 21 participants in the placebo and 7 in the VCV had entered Step 2 (Figure 1;
CONSORT diagram). The study sample was 92% male, 65% white, median (Q1, Q3) age of
46 (41, 53) years, median (Q1, Q3) baseline CD4 count of 139 (63, 265) cells/mm3, and median
(Q1, Q3) baseline HIV-1 RNA of 4.58 (4.17, 5.04) log10 copies/mL. Four percent had a history
of injection drug use, and 42% were on neurotoxic nucleoside RTI at baseline (Table 1). At
baseline, 64%, 39%, and 24% of the participants had PN, SPN, and PPN, respectively.

Analyses
Within-arm changes—Using observed data by randomized treatment assignment, at
baseline, Week 24, and Week 48, the proportions of PN were 69%, 60%, and 65%; SPN were
35%, 30%, and 30%; and PPN were 18%, 24%, and 13% for the placebo arm. The proportions
of PN were 62%, 63%, and 64%; SPN were 40%, 32%, and 30%; and PPN were 26%, 24%,
and 24% for the VCV arm (Table 2). Most participants (74% in placebo arm and 76% in VCV
arm) kept the same PN status within the fi rst 24 weeks of the study (Table 3).

Between-arm comparison—The proportions of participants who had PN, SPN, PPN, and
specific neuropathic signs and symptoms were not different between the placebo and VCV
groups at any given measurement time during the study (Table 2) based on observed data by
treatment assignment and ITT approaches. Treatment with VCV did not result in a significant
change compared to placebo in PN (OR = 1.52; P = .39; 95% CI 0.59, 3.90), SPN (OR = 0.80;
P = .77; 95% CI 0.18, 3.51), or PPN (OR = 1.71; P = .46; 95% CI 0.42, 7.03) after adjusting
for baseline PN, SPN, or PPN status and baseline neurotoxic nucleoside RTI use in the analysis
using observed data by randomized treatment assignment (Figure 2). No significant differences
were observed when considering individual neurologic signs and symptoms, although odds
ratios as large as 6.37 (pain symptoms) or 4.98 (pins and needles symptoms) were still
consistent with the data. Participants randomized to VCV, based on observed data by
randomized treatment assignment, appeared to have a marginally higher proportion of
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participants with HIV viral load <400 copies/mL after randomization controlling baseline HIV
viral load (OR estimate [95% CI] = 2.07 [0.96, 4.47]; P = .065) and had higher CD4 counts
after randomization controlling baseline CD4 counts (effect estimate [95% CI] = 100.8 [55.9,
145.7]; P < .001) (Figure 3).

Sensitivity analyses were also conducted based on as-treated approach, and the results were
not qualitatively different.

DISCUSSION
These analyses failed to identify an association between VCV and neuropathic outcomes in
the treatment-experienced participants. Most participants entering the study with neuropathy
continued to have neuropathy in both placebo and VCV arms. The analyses were limited by
the small sample size with consequently low power to demonstrate an effect of VCV on
neuropathic outcomes. In addition, a substantial number of the participants who were
randomized to the placebo group subsequently entered Step 2 and received VCV treatment (ie,
making the two randomization groups more alike). The analysis approaches (ie, ITT and
observed data by randomized treatment assignment) are conservative. However, as-treated
analysis (ie, using observed data based upon the treatments the participants received) also failed
to detect an effect of VCV.

The key finding we were interested in was whether VCV might be neuroprotective over the
course of 48 weeks. Comparison with the placebo group, with only 5/28 patients remaining on
placebo through this period due to suboptimal virologic responses, make this comparison
virtually impossible. However, had neuroprotection occurred we might have seen less
neuropathy than at the beginning of the study, assuming healing is possible with PN. Instead,
the percentage with neuropathy remained stable throughout the study. Recovery did not occur.
We conclude that there is insufficient evidence of neuroprotection from VCV, although long-
standing fixed peripheral nerve deficits in advanced HIV patients such as these may have
limited capacity for healing, particularly without additional growth factors to stimulate new
nerve growth.

Although we were only able to rule out very large effects, modest effects are still possible.
Given that the resolution of existing PN may be unlikely, it may be worth evaluating any
neuroprotective effects of CCR5 inhibitors, such as VCV, with respect to the incidence of PN
in future studies involving participants with earlier stage of HIV infection. In addition, given
that the VCV doses used in this study are lower than those used in subsequent phase III VCV
studies, future studies assessing the effect of higher doses of VCV on neuropathy should be
considered.
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Figure 1.
CONSORT diagram. VCV = vicriviroc.
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Figure 2.
Effect of vicriviroc (VCV vs. placebo) on various neuropathic outcomes (odds ratios [OR] and
95% CIs), adjusted for baseline status of neuropathic outcomes and baseline neurotoxic
nucleoside reverse transcriptase inhibitor(s) (RTI) use. PN = peripheral neuropathy; PPN =
painful neuropathy; SPN = symptomatic neuropathy.
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Figure 3.
Neuropathy (PN) prevalence (using observed data by randomized treatment assignment),
median CD4, and HIV RNA over time.
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Table 1

Demographics and baseline characteristics

Treatment arm

Total (n = 118) Placebo (n = 28) VCV (n = 90)

Gender

 Male 108 (92%) 26 (93%) 82 (91%)

 Female 10 (8%) 2 (7%) 8 (9%)

Race/ethnicity

 White 77 (65%) 21 (75%) 56 (62%)

 Black 24 (20%) 5 (18%) 19 (21%)

 Hispanic 14 (12%) 1 (4%) 13 (14%)

 Other 3 (3%) 1 (4%) 2 (2%)

Age, years

 Median 46 48 46

 13–29 1 (1%) 0 (0%) 1 (1%)

 30–39 15 (13%) 5 (18%) 10 (11%)

 40–49 58 (49%) 12 (43%) 46 (51%)

 50–59 32 (27%) 10 (36%) 22 (24%)

 ≥60 12 (10%) 1 (4%) 11 (12%)

IV drug history

 Never 113 (96%) 27 (96%) 86 (96%)

 Previously 5 (4%) 1 (4%) 4 (4%)

CD4 count, cells/mm3

 Median (Q1, Q3) 139 (60, 265) 163 (66, 228) 127 (53, 278)

Log (HIV-1 RNA), copies/mL

 Median (Q1, Q3) 4.58 (4.17, 5.04) 4.38 (4.04, 4.66) 4.65 (4.19, 5.23)

Baseline neurotoxic nucleoside RTIa use 49 (42%) 11 (39%) 38 (42%)

Day 14 neurotoxic nucleoside RTIa use 32 (27%) 8 (29%) 24 (27%)

Note: VCV = vicriviroc; RTI = reverse transcriptase inhibitor.

a
didanosine, stavudine, zalcitabine
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