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Abstract

Objective—To assess the effect of HIV coreceptor tropism (CRT) on the relative risk of progression
to a composite outcome of CD4" count <350 cells/uL, treatment initiation or death.

Methods—CRT assays were performed after study closure in baseline samples obtained from
enrollees in a prospectively monitored cohort of treatment-naive adults with >450 CD4™ cells/uL
and >1,000 HIV-1 RNA copies/mL.

Results—Dual/mixed (D/M) and R5 CRT was detected in 32 and 282 patients, respectively. The
baseline CD4* count (617 vs 694 cells/uL; p=0.05) differed in patients with D/M versus R5 CRT.
Otherwise, baseline laboratory characteristics were similar.

The relative risk of progression to the composite endpoint was 2.15 (p=0.002) for D/M versus R5
CRT, 2.07 per 1.0 logyg higher viral load (p<0.001) and 0.87 per 50 cell/uL higher CD4* cell count
(p<0.001). The effect of D/M CRT was also significant in separate analyses of time to initiation of
antiretroviral therapy or CD4™ cell count <350.

Conclusion—Untreated patients with D/M rather than R5 CRT had a faster rate of disease
progression, whether assessed by a composite outcome of time to CD4* count <350, treatment
initiation or death, or by separate analyses of time to CD4* count <350 or treatment initiation.
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Introduction

Methods

Recommendations regarding the timing of therapy for HIV-1 — infected patients are based
primarily on CD4* cell count measurements. Present guidelines recommend that therapy be
started when the CD4* cell count is below 350 CD4* cells/uL. Other considerations include
the rate of CD4* cell loss, the magnitude of the viral load, and symptoms of HIV disease
progressionl.

The loss of CD4™ cells is largely determined by the plasma HIV-1 RNA concentrationZ. Other
factors that influence the rate of HIV disease progression and CD4™ loss include patient age,
HIV-directed immune responses, diminished cellular activation, host HLA genotype and
chemokine receptor polymorphisms and characteristics of viral isolates such as deletions in
nef, syncitium formation (or the related property of co-receptor tropism) and replicative
capacityl:3-13

Viral isolates from persons in the early stages of HIV-1 infection are usually non-syncytium
inducing (NSI) in MT-2 cell cultures whereas isolates from persons with more advanced
disease are often syncytium inducing (SI)14‘16. Furthermore, emergence of the SI phenotype
has been associated with acceleration in the rate of CD4* cell loss14:17, Importantly, HIV-1
isolates that utilize the CCR5 coreceptor predominantly express the NSI phenotype whereas
isolates that utilize the CXCR4 coreceptor largely express the Sl phenotype18. These
observations and technical considerations have largely led to the replacement of assessment
of the NSI/SI phenotype by recombinant virus assays for HIV co-receptor usel9-21 o by
predictions of co-receptor tropism based on the sequence of the V3 loop of the HIVV
envelopezz_

Although several studies have assessed the relationship between HIV-1 co-receptor tropism
(CRT) and the rate of HIV disease progression27‘30, there are few data regarding the
prognostic significance of infection by CCR5 or CXCR4 tropic HIV-1 isolates in a diverse
population of chronically infected, treatment naive patients with relatively preserved CD4*
cell counts30. In this study, we evaluated the relationship between CRT and HIV disease
progression in such a cohort, namely the treatment-naive participants who were enrolled in the
Long-Term Monitoring Protocol (LTM) sponsored by the Terry Beirn Community Programs
for Clinical Research on AIDS (CPCRA).

Patient population

Inclusion criteria for enroliment in the CPCRA LTM treatment naive cohort required that
patients be HIV-infected, be > 13 years old, provide written informed consent, and be either
antiretroviral-naive, defined as no previous use of protease inhibitor or non-nucleoside reverse
transcriptase inhibitors, or having received <1 week of treatment with lamivudine and <4 weeks
of treatment with other nucleoside reverse transcriptase inhibitors. Patients were also required
to have a life expectancy of at least 6 months. There were no exclusion criteria. The first
participant was enrolled in April 1999. All participants were followed to a common closing
date of July 1, 2006.

The association between baseline CRT and HIV disease progression was determined in LTM
treatment-naive patients who met the following additional eligibility criteria: a minimum of 4
months of follow-up during which antiretroviral therapy was not initiated, a baseline CD4*
cell count of >450 cells/uL, a baseline viral load >1,000 HIV-1 RNA copies/mL and the
availability of sufficient baseline plasma for laboratory analyses.
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Study procedures

Baseline CD4* cell count and viral loads were determined within 120 days prior to study
enrollment. Plasma obtained from within 120 days prior to baseline was centrally stored for
future CPCRA-approved, HIV-related research. Subsequent data collection visits occurred
every 4 months after enrollment. At each visit, information was collected regarding the
occurrence of new HIV-related diagnoses, current antiretroviral therapy, and CD4* cell count
and plasma HIV-1 RNA level. Clinical management decisions, i.e., whether to initiate
antiretroviral therapy, were not specified by the study protocol but were instead left to the
discretion of the treating physician. After closure of the study to follow-up, all assays of CRT
were performed using the Trofile™ Assay (Monogram Biosciences, South San Francisco, CA)
as previously described?.

The primary objectives were to determine the prevalence of R5, mixtures of singly or dual RS
and X4 tropic virus (hereafter referred to as dual/mixed or D/M-tropic virus), and X4 tropic
virus at baseline and the relationship between the baseline CRT and the time to progression to
the composite outcome of <350 CD4™ cells/pL, initiation of therapy or death (whichever came
first). All time-to-event endpoints were censored for death, loss-to-follow-up or study end. In
addition, time to CD4 <350 as a secondary endpoint was censored for initiation of therapy.

Statistical analyses

Event rates by CRT category were estimated per 100 person-years of follow-up. Survival
methods, including life tables (Kaplan-Meier graph) and Log Rank test (stratified by tertile of
baseline CD4+ cell count), were used to compare time-to-event data between CRT groups.
Relative risks were estimated using proportional hazards models stratified by clinical center,
adjusting for baseline CD4" cell count and baseline logyg viral load. Additional proportional
hazards models, stratified by clinical center, further adjusted for possible confounding by other
variables, including gender, race, age, transmission risk category (same sex contact or injection
drug use), hepatitis B and C co-infection, duration of known HIV infection, and presence of
prior AIDS-defining iliness. To explore the effect of early drop-outs or events on these analyses,
subgroup analyses were conducted on those participants remaining antiretroviral-naive through
month 8 and month 12 of follow-up.

Changes from baseline laboratory values (CD4"* cell count, logyq viral load) were compared
between tropism groups using linear regression. Lab values were censored following the
initiation of antiretroviral therapy. For viral load, change was estimated from baseline to month
12 and month 24. To attempt to address bias due to drop-out, initiation of therapy, or loss-to-
follow-up, linear regression was also used to estimate change in viral load from baseline to the
average of all available follow-up measures through month 24. All such comparisons were
adjusted for baseline logyg viral load. Secondary analyses included the addition of other
baseline factors as covariates.

Because participants were selected to have baseline CD4+ >450, baseline CD4* cell counts
were discarded for this analysis to avoid introduction of bias from regression to the mean.
Therefore, change in CD4* cell count was measured from Month 4 through Month 16 and
Month 28, and to the average of all follow-up measurements from Month 8 through Month 28.
All such comparisons were adjusted for baseline log viral load.

Random effects models were used to describe the rate of decline of CD4* cell count. To satisfy
model assumptions, CD4* data were square-root transformed. CD4* data were censored
(discarded) following initiation of antiretroviral therapy. Likewise, to prevent bias from
regression to the mean effects, slope is estimated using CD4" data from Month 4 onward,
discarding baseline CD4* cell counts. All random effects models were adjusted for baseline
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log HIV-RNA and tropism category as fixed effects and included individual random effects
for both slope and intercept. The effect of D/M tropism type on slope was estimated using an
interaction term for time (in years) and tropism category.

Comparisons between tropism groups with respect to baseline characteristics were made with
linear regression or the Cochran-Mantel-Henzel test as appropriate, stratifying for clinical
center.

Of the 1090 treatment-naive LTM subjects, 359 met the entry criteria for analysis of CRT.
CRT assays were successfully performed in 314 specimens; 18 persons did not have available
baseline plasma specimens and CRT assays were unsuccessful in 27 other persons. D/M-tropic
virus was detected in 32 samples (10%) and R5-tropic virus was detected in 282 (90%) samples;
no sample had pure X4-tropic virus.

The baseline characteristics of the subjects for whom baseline CRT results were available are
provided in Table 1. Patients with D/M CRT were more likely to be Latino/a (25% vs 8%, p
<0.01). Otherwise, the demographic characteristics including age, gender, HIV risk factor,
prior AIDS diagnoses, body mass index, chronic infection by hepatitis B or hepatitis C and
duration of known HIV infection of patients with D/M versus R5 CRT were similar. The mean
CD4* cell count was lower in patients with D/M versus R5 CRT (617+143 vs. 694222 cells/
pL; p=0.05) but the mean viral load (4.3£0.7 vs. 4.1+0.6 log,g HIV-1 RNA copies/mL,
p=0.059) did not differ.

During the median follow-up of 50 months, 186 patients reached the primary combined
endpoint [i.e., a CD4* cell count <350 cells/uL (n=112), initiation of antiretroviral therapy
(n=66) or death (n=8)]. After stratifying for tertile of baseline CD4*, compared with persons
from whom R5-tropic virus was detected, persons with D/M-tropic virus reached the primary
endpoint more rapidly (logrank test p = 0.0156; Figure 1).

The rates of progression to the individual endpoints of initiation of antiretroviral therapy,
CD4* cell decrease to <350 cells/uL as well as the combined endpoint were greater in patients
with D/M-tropic virus (Table 2). Proportional hazards regression analyses that included the
baseline viral load and CD4* cell count demonstrated that the relative risk of progression to
the composite endpoint was 2.15 (p = 0.002, 95% CI [1.32, 3.50]) for patients with D/M-tropic
virus. In addition, the relative risk for progression was 2.07 per 1.0 logyg higher viral load (p
<0.001, 95% CI [1.58, 2.69]) and 0.87 per 50 cell/uL higher CD4* cell count (p <0.001, 95%
CI[0.83, 0.91]). The effect of D/M CRT was also significant and of similar magnitude in
separate regression analyses of time to initiation of antiretroviral therapy or CD4* cell count
<350 as separate endpoints censored for treatment initiation. Similar effects were obtained in
other proportional hazards models that included gender, ethnicity, risk factors for acquisition
of HIV infection, prior infection by hepatitis B or C, and the duration of known prior HIV
infection (data not shown).

To further test the relationship between baseline CRT and outcomes, we repeated our analyses
after excluding patients who initiated therapy within the first 8 or 12 months after enrollment
into LTM. Proportional hazards regression analyses continued to show a robust relationship
between D/M CRT and progression to the composite outcome or to the component outcomes
of initiation of antiretroviral therapy or a decrease in the CD4™* cell count to <350 cells/uL
(Relative Risk = 2.17-2.64, p <0.01 all analyses). In addition, we assessed the effect of CRT
on progression to the composite outcome after stratifying the population by tertile of baseline
CD4" cell count. As shown in Table 3, the relative risk of progression to the composite outcome
was greater for D/M versus R5-tropic virus in all three CD4+ tertiles, although statistical
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significance was demonstrated only for the middle tertile, relative risk = 5.06 [95% Cl, 1.94—
13.2, p <0.01]. Finally, we performed proportional hazards analyses in which the endpoint was
time to progression to <200 CD4* cells rather than <350 CD4* cells. In these analyses, for
persons with D/M vs R5 CRT, the relative risk of progression to the composite endpoint was
1.93 (95% CI 1.17, 3.18, p = 0.010) and to the separate endpoint of a CD4* cell count of <200
cells/uL was 3.50 (95% ClI 0.93,13.08; p=0.063).

To better understand the relationship between CRT and disease progression, we assessed
absolute changes in the CD4™* cell count and the rate of CD4* cell loss in patients with D/M
versus R5 CRT at baseline. The absolute change in CD4" cell count from Month 4 to Month
16 tended to be greater in persons with D/M CRT after controlling for differences in baseline
log viral load and censoring for the initiation of antiretroviral therapy but was not statistically
significant (coefficient=—80.2 cells/uL; 95%CI =[-183,23], p=0.13). Similar non-statistically
significant relationships were between CRT and the change of CD4* cell count at month 24
or for the average of all available CD4* cell counts through month 24.

Random effects models were used to analyze the slope of the decline of square-root (sqrt)
transformed CD4+ cell counts, adjusting for baseline viral load and presence of D/M CRT as
fixed effects with random effects for intercept and slope (Table 4). The interaction term
between time and presence of D/M CRT indicates an additional loss of —1.64 sqrt (CD4* cells/
uL) per year for patients with D/M CRT over the reference slope of —0.79 sqrt (CD4* cells/
pL) per year for patients with R5 CRT (p<0.01). Measuring results on the square root scale
implies that the rate of decline varies with CD4* cell count. For example, for two participants
with an initial CD4* count of 750 cells/uL, our data predict a loss of 96 cells/uL in the first
year for a patient with D/M CRT versus a loss of 55 cells/uL for a patient with R5 CRT.
However, for two patients with an initial CD4* of 350 cells/uL, the one year losses would be
66 cells/uL for a patient with D/M CRT versus 38 cells/uL for a patient with R5 CRT. In
transforming from the square root scale to the linear scale, the absolute decline will always be
relative to the current CD4+, with the size of predicted decline tending towards zero as CD4+
declines. Adjusting this model for additional baseline covariates (race, sex, and transmission
risk category) did not qualitatively change the results.

Finally, we assessed the association between CRT in change in logyq viral load from baseline,
adjusting for baseline logyq viral load. We found that the D/M-group experienced a statistically
significant increase in viral load from baseline to month 12 of 0.36 logyg copies ([0.01,0.71],
p=0.04), this result remained significant when adjusting for baseline demographics (sex, race,
and transmission risk category). There was no observed statistical difference between the
groups in change to Month 24 or change from baseline to the average of all follow-up
measurements to Month 24. This may reflect a loss of power as many D/M CRT patients
initiated therapy prior to Month 24.

Discussion

We studied an evaluable population of 314 persons with chronic untreated HIV-1 infection
who did not meet indications for immediately initiating antiretroviral therapy (median CD4*
cell count = 629). Among these subjects, persons in whom D/M-tropic virus was detected
progressed more rapidly to a composite endpoint of CD4* cell count <350, initiation of
antiretroviral treatment, or death than did persons in whom only R5 tropic virus was detected.
Similarly, persons with D/M CRT more often progressed to the component endpoints of
initiation of therapy or CD4* decline to <350 cells/uL. Although persons with D/M CRT had
slightly fewer CD4* cells and were more likely to be Latino/a, the groups were otherwise
similar.
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The impact of D/M CRT on progression to the composite and individual endpoints wassimilar
to that of a one-logyg increase in the HIV RNA copy number and greater than that of having
50 fewer CD4* cells/uL. These effects were stable across several proportional hazards
regression models that controlled for the baseline CD4* cell count, viral load, HIV risk factors,
demographic factors and other laboratory variables. Furthermore, random effects models
indicated that persons with D/M CRT had a greater rate of CD4* decline as determined by
analyses of the slope of square-root transformed CD4+ cell counts, adjusted for baseline viral
load and presence of D/M CRT. Finally, persons with D/M CRT demonstrated statistically
significant increase in viral load from baseline to month 12.

The frequency of D/M vs R5 CRT in our study, wherein 10% of the population had D/M-tropic
virus and 90% had R5-tropic virus and no person had pure X4-tropic virus is similar to that of
previous reports in treatment-naive patients wherein the proportion of patients with R5 CRT
is 80-91%, D/M CRT is 9-20% and pure X4 CRT is less than 1%26:28:30-34 while the mean
CD4" cell count was 77 cells/uL lower in persons with D/M rather than R5 CRT (617 vs. 694
cells/uL, p = 0.05), there was no significant difference in the baseline viral loads. In addition,
persons with a history of injection drug use were no more likely to have D/M-tropic virus
whereas Latino/a patients were more likely to have D/M-tropic virus. Somel3:26:31:32
not all16:28 cross-sectional studies in treatment naive patients have shown that D/M-tropic or
syncitium-inducing virus is associated with lower CD4™ cell counts and higher viral load.
Similarly, while some studies found that persons with a history of injection drug use were more
likely to have X4 tropic virus28, other studies have not found this association with viral X4
tropism26 or the Sl phenotypelG. Finally, one group found that D/M-tropic virus was
associated with a decreased likelihood of being Caucasian®-.

In contrast to previous studies of the relationship between viral coreceptor tropism and the
subsequent course of HIV infection disease progression, we evaluated an ethnically and
behaviorally diverse population of chronically infected, truly treatment-naive adults with
relatively early stage HIV-1 infection who had a median of 629 CD4* cells/uL at study entry
and who were known to be infected for over 4 years. Previously, Waters et al. found that among
401 treatment-naive subjects with a median baseline CD4" of approximately 300 cells/uL,
persons with D/M-tropic virus had a greater CD4" cell decline than did persons with no
evidence of X4 tropism30. Analysis was censored in 74% of the subjects due to the initiation
of antiretroviral therapy during the 18 month observation period, which may expose the result
to bias. In a second study of 68 participants from the Multicenter AIDS Cohort Study,
progression to emergence of X4 CRT was associated with more frequent progression to AIDS.
In addition, this study found that abrupt declines in the total T cell count (CD3 inflection) were
often preceded by the emergence of X4 CRT?%. Ina separate one-year study of 296 recent
HIV-1 seroconverters, persons with baseline X4 CRT lost more CD4* cells and had greater
increases in plasma HIV RNA copy number than did persons infected by R5 CRT28. Finally,
among HIV-infected children with hemophilia, D/M CRT predicted more rapid CD4* cell
decreases and progression to a clinical AIDS event3, Of note, the median CD4™ cell count
was 200 for hemophiliac patients with D/M CRT versus 449 for patients with R5 CRT13.In
addition, half of the study population had previously received monotherapy with a nucleoside
reverse transcriptase inhibitor.

Our results are consistent with and extend earlier studies that found that the presence of SI
virus was an independent predictor of more rapid CD4* cell loss and/or HIV disease
progression35_41. In addition, we found that patients with D/M CRT had greater viral load
increases during the first year of follow-up. These results may be of increased relevance with
the recent approval of a CCR5 antagonist for use in treatment-experienced HIV-infected
patients, as approximately 65% of patients with virological breakthrough on these agents
demonstrate emergence of D/M CRT#2:43, Although short-term data suggest that detectable
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D/M CRT Wanes without untoward clinical consequences when use of a CCR5 antagonist is
discontinued?4:4°, there is as yet little long-term follow-up of these patients.

The mechanisms by which CXCR4 utilizing virus is associated with increased rates of disease
progression are not well understood. Our observation that persons with D/M had a more rapid
loss of CD4* cells is also consistent with observations that the effect of Sl virus on disease
progression is largely mediated through accelerated loss of CD4* cells16:38. Other
investigators have shown that CXCR4-utilizing virus is more cytopathic than their CCR5
predecessors46?47 and that thymocytes and naive CD4* T cells may be partrcular 5y susceptible
to X4 and Sl viruses due to high levels of CXCR4 expression by these cells#8

Alternatively, it is possible that the emergence of X4 or Sl virus is the consequence rather than
the cause of immunologic failure.

The strengths of this study include the demographic diversity, prospective data collection and
long duration of follow-up. Among the potential weaknesses of this study are the observatlons
that month to month changes in CRT may occur in 3% of treatment naive individuals®# and
that over a longer period of observation oscillation between CCR5-tropism and mixed-tropism
may occur in 23% of patientszg. However, while such oscillations may lead to false
categorizations of patients as having R5 or X4 CRT, this misallocation would tend to weaken
rather than strengthen the association between baseline D/M CRT with disease progression. In
addition, we did not obtain data regarding host genotypic data such as the presence of the
CCR5A32 polymorphism or the SDF1-3A allele, both of which modify the rates of HIV disease
progression and are associated with differences in the prevalence of D/M-tropic virus and affect
the impact of D/M-tropic virus on HIV disease progressmn27 33;55 1n regards to CCR5A32,
since persons with this polymorphism generally have a slower rate of HIV disease
progressron 5 failure to control for the effect of CCR5A32 would likely weaken the effect of
D/M CRT rather than falsely strengthen the association of D/M-tropic virus with increased
rates of disease progression as observed in our study. Finally, results with the original version
of the Trofile assay used in this study may not apply to results obtained with new enhanced
version of this assay. While the original version detects X4 subpopulations comprising 5-10%
of circulating virus, the newer enhanced version is able to detect subpopulations that comprise
as little as 0.1-0.3% X4 virus21:56. 1t remains to be determined whether inclusion of patients
with such very low levels of X4 virus would diminish the prognostic significance found in this
study.

In summag thls work confirms prewous reports that patients harboring HIV with the SI
phenotype LorbM tropism have more rapid rates of HIV disease progression and rate
of CD4* cells loss. These results extend prior findings by demonstrating the relationship
between tropism and disease progression in patients with higher CD4* cell counts than
previously studied. Finally, these results suggest that determination of HIV co-receptor tropism
may identify a subpopulation of treatment-naive patients who might warrant earlier initiation
of antiretroviral therapy based on their risk of more rapid disease progression. However, the
clinical and cost-effectiveness of such strategies will require careful analysis of test costs, the
prevalence of viruses that use CXCR4 for cell entry, and the marginal clinical utility of earlier
versus later initiation of antiretroviral therapy for persons with greater than 350 CD4* cells.
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Figure 1.

Rate of progression to composite endpoint of CD4* <350, initiation of antiretroviral therapy
or death for patients with R5 or D/M-tropic virus at baseline. Results are stratified for tertile
of baseline CD4" (< 547, 548-733 and > 734 cells/pL).
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Characteristic R5 CRT D/M CRT p
N 282 (90%) 32 (10%)
Female 61 (21.6%) 10 (31.3%) 0.41
Race 0.02
Latino/a 22 (7.8%) 8 (25%) <0.01
Black 122 (43.3%) 15 (46.9%) 0.96
White 125 (44.3%) 9 (28.1%) 0.14
Other 13 (4.6%) 0 (0%) 0.26
IDU 51 (18.1%) 4 (12.5%) 0.40
Male same-sex contact (% of males) 173 (78.3%) 15 (68.2%) 0.90
Previous OI/OM 11 (3.9%) 1(3.1%) 0.96
Age (years) 38.3 37.2 0.42
Body mass index (kg/m?) 26.8 285 0.22
CD4 cells/uL, mean (STD) 694 (222) 617 (143) 0.05
CD4 cells/uL, median (25%-75%) 635 (526,810) 571 (520,670) 0.11
HIV RNA, mean log;, copies/mL (STD) 4.1 (0.6) 4.3(0.7) 0.06
HIV RNA, median log,, copies/mL (25%-75%) 4.1(3.7,4.5) 4.4 (3.84.7) 0.09
Months since first documentation of HIV 47.3 52.9 0.61
Hepatitis B surface antigen positive 14 (5%) 2 (6.3%) 0.83
Hepatitis C antibody positive 49 (17.4%) 5 (15.6%) 0.72
Median Follow-up (Months) 50.2 48.8 0.61

As appropriate, all results are presented as N (%) or mean (SD) values unless otherwise specified Ol = opportunistic infection; OM = opportunistic

malignancy

P values are from Cochran-Mantel-Henzel or linear regression as appropriate, adjusting for clinical center. Median values compared using the Wilcoxon

test without stratification.
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Table 4
Random Effects Model for Slope of CD4* Cell Decline (square root transformed)”

Parameter Estimate Std Err 95% CI P-value
Baseline Log RNA -1.61 0.77 [-3.12,-0.09] 0.04
Tropism [D/M Vs. R5] -1.03 0.10 [-1.22,-0.85] <0.01
CD4" Slope (cells/uL/yr) -0.79 0.36 [-1.49,-0.09] 0.03
Interaction Tropism™ Slope -1.64 0.36 [-2.35,-0.94] <0.01

*
Individual random effects included for intercept and slope. Fixed effect intercept term not shown

*k
The interaction term between time and presence of D/M-tropic virus represents the difference in slope of square-root transformed CD4* between

participants with D/M-tropic virus measured against those with R5-tropic virus represents an additional decline of —1.64 sqrt (cells/uL) per year over the
reference slope of —0.79 square root (cells/uL) per year.
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