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Abstract
Purpose—Lower CD4+ T-cell counts are related to increased morbidity and mortality despite
virologic suppression. CCR5 antagonists are associated with robust CD4+ T-cell responses. We
examined the relationship of CCR5 antagonists to CD4+ T-cell gains.

Design—Meta-regression of recent phase 2–3 trials evaluating new antiretroviral agents in
treatment-experienced subjects.

Methods—We analyzed the relationship of CCR5 antagonists to CD4+ T-cell count increase 24
weeks after initiating the new regimen using a linear model with generalized estimating equations
controlling for differing rates of virologic suppression. Each treatment group was treated as a data
point weighted by sample size.

Results—We included 46 treatment groups from 17 trials (11 groups from 5 trials used CCR5
antagonists). Controlling for average baseline HIV-1 RNA and proportion of subjects achieving
HIV-1 RNA <50 copies/mL, use of a CCR5 antagonist was associated with an additional
significant CD4+ T-cell gain of +30/μL (95% CI, 19–42) at 24 weeks compared to treatment
groups not using a CCR5 antagonist.

Conclusions—Use of a CCR5 antagonist was associated with an enhanced CD4+ T-cell count
response independent of virologic suppression. This observation supports further evaluation of
CCR5 antagonists in patients with discordant immunologic and virologic responses to ART.
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The majority of patients with suppression of HIV-1 on antiretroviral therapy (ART) have
marked CD4+ T-cell recovery with a mean increase of 176 cells/μL (95% CI, 170–183) over
the first year on a variety of treatment regimens.1 However, a French cohort study found that
17% of patients initiating a protease inhibitor-based regimen had a less than 50 cells/μL
increase after 6 months despite having virologic suppression.2 The risk of disease
progression was twice as high in this subset as compared to those with an immunologic and
virologic response. The ART Cohort Collaboration found that subjects with CD4+ T-cells
<200/μL 6 months after initiating ART were at significantly increased risk for AIDS or
death as compared with those with >200/μL, even when controlling for plasma HIV-1 RNA
level.3 Moreover, recent studies have established that CD4+ T-cell count is related to overall
mortality and incidence of non-AIDS-defining cancer even among subjects with CD4+ T-
cells over 350/μL.4-6

Several new antiretroviral agents have been approved recently by the US Food and Drug
Administration (FDA) on the basis of phase 2 and 3 clinical trials and are available for the
treatment of HIV-1 infection for patients with patients with prior antiretroviral experience.7
Maximal virologic suppression, plasma HIV-1 RNA level <50 copies/mL, is now a realistic
goal for nearly all HIV-1-infected patients. Subjects receiving CCR5 antagonists have been
noted to have robust CD4+ T-cell responses.8 A clinical trial comparing maraviroc to
efavirenz in antiretroviral treatment-naïve subjects found a higher CD4+ T-cell increase with
maraviroc despite similar rates of virologic suppression.9 We conducted a meta-regression
of clinical trials of these newer antiretroviral agents to examine the association of CCR5
antagonists to CD4+ T-cell recovery. Our hypothesis was that CCR5 antagonists would be
associated with a greater CD4+ T-cell increase when controlling for differing rates of
virologic suppression.

METHODS
We reviewed recent phase 2 or 3 clinical trials of investigational agents for treatment of
HIV-1 infection in highly treatment-experienced subjects. We did not have access to patient-
level data. We included 16 randomized studies and one nonrandomized study that were
conducted to support the clinical development of investigational agents beginning in 2003
with the phase 3 trials of enfuvirtide.10,11 Phase 1, phase 4, and postmarketing studies were
not included. Only studies using agents that were subsequently approved by the FDA or
remain in continued clinical development at the time of analysis were included. The clinical
trial design must have consisted of an optimized background regimen (ie, chosen on the
basis of treatment history and HIV drug resistance testing) given with an investigational
agent, placebo, or active control. The studies of enfuvirtide were chosen as the earliest
studies because these were the first studies that used an optimized background regimen with
or without the investigational agent. All of the studies included reported the following
baseline parameters and results: baseline CD4+ T-cells (mean or median), baseline plasma
HIV-1 RNA level (mean or median), proportion that were women, age (mean or median),
use of a CCR5 antagonist, sample size per group, and proportion with plasma HIV-1 RNA
level <50 copies/mL 24 weeks after entry/randomization and mean change in CD4+ T-cell
count at 24 weeks. A phase 2 study of elvitegravir, an investigational integrase inhibitor,
was excluded because of a significant design change allowing a change of background
therapy during the first 24 weeks and lack of 24-week results.12

The week 24 CD4+ T-cell count gain from each treatment group was a data point within a
linear model to obtain an overall estimate of CD4+ T-cell count gain with or without the use
of a CCR5 antagonist. The analysis adjusted for treatment group-level information with
respect to baseline HIV-1 RNA level and the proportion of patients with HIV-1 RNA level
<50 copies/mL at week 24 and was weighted by the sample size of the treatment group.
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Because studies provided outcomes for multiple treatment groups, a generalized estimating
equations approach for estimation was used to appropriately adjust for the covariance
structure of the data.13 Analyses were performed using Proc GENMOD using an
independence working correlation structure in SAS version 9 (Statistical Analysis Software,
Cary, North Carolina, USA).

RESULTS
Forty-six treatment groups from 17 clinical trials that enrolled a total of 6,579 participants
were included in the analysis. The clinical trials evaluated CCR5 antagonists
(maraviroc14-16 and vicriviroc8,17), a fusion inhibitor (enfuvirtide10,11), an integrase
inhibitor (raltegravir18,19), a non-nucleoside reverse transcriptase inhibitor (etravirine20-22),
and protease inhibitors (darunavir23-25 and tipranavir26,27) (see Table 1). All trials required
prior receipt of antiretroviral drugs from 3 classes with the exception of a phase 2 study of
vicriviroc that required virologic failure to 2 prior antiretroviral regimens.8 All were
randomized trials except for a large single-group clinical trial of darunavir.25 Eleven of 17
were placebo-controlled, and 5 of 17 had an active control group. Eleven treatment groups
from 5 clinical trials enrolling a total of 1,133 subjects used a CCR5 antagonist. Summary
statistics of baseline characteristics and week 24 outcomes of the treatment groups are
presented in Table 2.

The proportion of subjects discontinuing prior to week 24 varied widely across study groups
from 8% to 95%. In general, the main reason for early discontinuation was for virologic
failure rather than toxicity. Overall, treatment groups receiving the investigational agents
had lower rates of discontinuation than did control groups (21% vs 60%). Across the clinical
trials, 2 methods were used for imputing CD4+ T-cell values at week 24 for subjects
discontinuing prior to week 24. Thirteen clinical trials imputed the last observed CD4+ T-
cell count while remaining on study. Four clinical trials imputed a CD4+ T-cell change of
zero for such patients.

The change in CD4+ T-cell count for each treatment group plotted against observed
suppression of HIV-1 RNA (proportion achieving plasma HIV-1 RNA level <50 copies/mL
24 weeks after initiating new ART regimen) is shown in Figure 1. Controlling for observed
virologic suppression and baseline plasma HIV-1 RNA in each study group, use of a CCR5
antagonist was associated with an additional gain of 30 cells/μL (95% CI, 19–42) compared
to not using a CCR5 antagonist. Multiple sensitivity analyses were performed to examine
the robustness of these results. These are presented in Table 3. All of these models
controlled for baseline plasma HIV-1 RNA level and observed virologic suppression in
addition to the parameters listed.

DISCUSSION
Treatment groups using CCR5 antagonists exhibited a significantly better CD4+ T-cell
increase over other treatment groups in treatment-experienced HIV-1–infected subjects. This
was not explained by an improved degree of virologic suppression of HIV-1 because of their
use. Multiple sensitivity analyses found similar estimates confirming the robustness of this
effect.

A similar enhanced CD4+ T-cell effect also was seen in a phase 3 trial comparing
combination regimens with maraviroc, a CCR5 antagonist, and efavirenz, a non-nucleoside
reverse transcriptase inhibitor, for initial ART of HIV-1–infected patients.9 Although
maraviroc did not meet prespecified criteria for noninferiority of virologic suppression to
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efavirenz in that study, subjects receiving maraviroc had a significantly greater CD4+ T-cell
rise 48 weeks after randomization (+26 cells/μL; 95% CI, 7–46).

Although an absolute increase of 25–35 CD4+ T-cells/μL may not be clinically significant
for subjects with higher CD4+ T-cell counts, the additional CD4+ T-cell gain experienced
may be clinically important for subjects with low CD4+ T-cells (eg, <200/μL) to avoid
clinical complications. There is certainly a rationale to improve CD4+ T-cells to over 200/
μL, but one could theorize that raising CD4+ T-cells to greater than 350 or 500/μL may
become an important therapeutic goal because of the relationship of CD4+ T-cell count to
overall mortality and the risk of other serious non-AIDS-defining events such as certain
malignancies, liver disease, and cardiovascular disease.4-6 There are limited options for the
treatment for suboptimal CD4+ T-cell recovery on effective ART. Parenteral interleukin-2
was evaluated in 2 very large clinical trials and was found to have no impact on the
occurrence of opportunistic disease or death despite significantly raising CD4+ T-cell
counts.28,29 This suggests that new therapies that increase CD4+ counts by mechanisms
other than suppression of HIV replication will need to be confirmed with clinical endpoint
studies.

Even though the basis for the variability in CD4+ T-cell reconstitution with ART is not
known, the importance of CCR5-mediated pathways is highlighted by the observation that
greater CD4+ T-cell recovery on effective ART is associated with certain CCL3L1-CCR5
genotypes.30 The mechanism of the enhanced CD4+ T-cell gain associated with CCR5
antagonists is not clear. In addition to enhanced virologic suppression, there are several
processes that may be affected by CCR5 antagonists. In vitro, the binding of free or infected
cell-bound gp120 to uninfected CCR5-expressing CD4+ T-cells induces the apoptosis of
uninfected CD4+ T-cells.31,32 The interaction of CCR5 and its cognate β-chemokine ligand,
RANTES (regulated on activation normal T cell expressed and secreted; CCL5), can induce
the apoptosis of uninfected CD4+ T-cells.33 Blocking RANTES-CCR5 interactions may
also decrease levels of immune activation, which has been associated with a smaller CD4+
T-cell recovery after the initiation of ART.34,35 Also, blocking the RANTES-CCR5
interaction may cause CD4+ T-cell redistribution from the lymphoid tissue to the peripheral
blood, as suggested by the temporal pattern of CD4+ T-cell reconstitution with concomitant
increases in CD8+ T-cells after the use of maraviroc in treatment-naïve subjects.36 A CCR5
antagonist could block apoptosis, reduce immune activation, and/or promote redistribution
of CD4+ T-cells. If this last mechanism is solely responsible for the observed CD4+ T-cell
increase, then this increase may not be associated with a clinical benefit.

This study had several limitations. This analysis relies on combining data from clinical trials
conducted in varying populations and in differing time periods, and we did not have access
to patient-level data. We could not control for differences in background ART regimens,
which may be associated with CD4+ T-cell responses. These studies reported a wide range
for the proportion discontinuing randomized treatment prior to week 24. The clinical trials
of CCR5 antagonists included in this analysis required subjects to have CCR5-using HIV-1
for eligibility with one exception.15 The clinical trials of other agents included in this
analysis had no restriction on viral tropism at entry. Subjects with CCR5-using HIV-1 may
be prone to larger CD4+ T-cell increases than those with dual- or mixedtropic infections.
However, a similar effect size was seen in the one study of a CCR5 antagonist in subjects
with dual- or mixed-tropic HIV-1, suggesting that the mechanism of CD4+ T-cell gain may
not be dependent on having HIV-1 exclusively using CCR5.15 Coreceptor tropism was not
related to CD4+ T-cell recovery among participants in the phase 3 trials of enfuvirtide.37 We
are unable to assess which patient factors are associated with CD4+ T-cell gain. In
particular, we could not assess the relationship of enfuvirtide, another HIV-1 entry inhibitor,
to CD4+ T-cell gain. Subjects initiating a new antiretroviral regimen with lower CD4+ T-
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cells are more in need of a robust CD4+ T-cell gain. However, this meta-regression was
unable to establish whether the enhanced CD4+ T-cell gain associated with CCR5
antagonists is concentrated among subjects in a particular baseline CD4+ T-cell stratum.

In summary, this meta-regression of phase 2 and 3 trials of investigational antiretroviral
agents found that use of a CCR5 antagonist was associated with a significantly larger CD4+
T-cell count gain compared to groups that did not use CCR5 antagonists independent of the
degree of observed virologic suppression. The mechanism of this increase is unclear and
should be investigated further. Potentially, this effect could be exploited to enhance CD4+
T-cell recovery among subjects with suboptimal immunologic responses to ART despite
sustained virologic suppression. However, use of CCR5 antagonists for enhancing CD4+ T-
cell responses cannot be recommended until clinical trials specifically examining this effect
have been conducted.
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Figure 1.
Week 24 HIV-1 RNA level and CD4+ T-cell count responses in recent studies of
antiretroviral agents. Each data point represents a single treatment group. The size of the
bubble indicates the relative sample size (ie, larger bubbles indicate larger studies). The
solid bubbles represent groups using a CCR5 antagonist and open bubbles are groups not
using a CCR5 antagonist.
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