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Abstract
Objective—Determine if antiretroviral (ARV) regimens with good central nervous system (CNS)
penetration control HIV in cerebrospinal fluid (CSF) and improve cognition.

Design—Multi-site longitudinal observational study.

Setting—Research clinics.

Subjects—101 individuals with advanced HIV beginning or changing a new potent ARV regimen.
Data for 79 subjects were analyzed. Participants underwent structured history and neurological
examination, venipuncture, lumbar puncture, neuropsychological tests at entry, 24 and 52 weeks.

Corresponding Author: Christina M. Marra, MD Professor, Neurology Adjunct Professor, Medicine (Infectious Diseases) University of
Washington School of Medicine Harborview Medical Center Box 359775 325 9th Avenue Seattle, WA 98104.
Author contributions: Christina M. Marra, designed study, drafted manuscript, critically reviewed manuscript, enrolled subjects
Yu Zhao, analyzed data, drafted manuscript, critically reviewed manuscript
David B. Clifford, designed study, drafted manuscript, critically reviewed manuscript, enrolled subjects, provided funding
Scott Letendre, drafted manuscript, critically reviewed manuscript, enrolled subjects
Scott Evans, analyzed data, drafted manuscript, critically reviewed manuscript, reported to Data Safety Monitoring Board
Katherine Henry, critically reviewed manuscript, enrolled subjects
Ronald J. Ellis, critically reviewed manuscript, enrolled subjects Benigno Rodriguez, critically reviewed manuscript, enrolled subjects
Robert W. Coombs, designed study, drafted manuscript, critically reviewed manuscript, provided technical support
Giovanni Schifitto, critically reviewed manuscript, enrolled subjects
Justin C. McArthur, designed study, critically reviewed manuscript, enrolled subjects
Kevin Robertson, designed study, drafted manuscript, critically reviewed manuscript, enrolled subjects

NIH Public Access
Author Manuscript
AIDS. Author manuscript; available in PMC 2010 July 17.

Published in final edited form as:
AIDS. 2009 July 17; 23(11): 1359–1366. doi:10.1097/QAD.0b013e32832c4152.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Carolina Digital Repository

https://core.ac.uk/display/345199546?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Intervention—ARV regimens were categorized as CNS penetration effectiveness (CPE) rank ≥ 2
or < 2. Generalized estimating equations were used to examine associations over the course of the
study.

Main Outcome Measures—Concentration of HIV RNA in CSF and blood, neuropsychological
test scores.

Results—Odds of suppression of CSF HIV RNA were higher when CPE rank ≥ 2 compared to <
2. Odds of suppression of plasma HIV RNA were not associated with CPE rank. Among subjects
with impaired neuropsychological performance at entry, those prescribed regimens with a CPE rank
≥ 2 or more ARVs had lower NPZ4 over the course of the study.

Conclusions—ARV regimens with good CNS penetration, as assessed by CPE rank, are more
effective in controlling CSF (and presumably CNS) viral replication than regimens with poorer
penetration. In this study, ARVs with good CNS penetration were associated with poorer
neurocognitive performance. A larger, controlled trial is required before any conclusions regarding
the influence of specific ARVs on neurocognitive performance should be made.
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Introduction
In the era before combination antiretroviral (cART) therapy, several studies showed that
cerebrospinal fluid (CSF) HIV RNA levels correlated with severity of HIV-associated
dementia [1,2]. In subjects with advanced HIV, CSF HIV RNA concentration correlated with
neuropsychological test performance [3,4], and elevated HIV RNA levels in CSF predicted
future cognitive impairment [4]. Since the advent of cART, these relationships may be less
robust [5,6], perhaps because many patients who receive cART achieve undetectable CSF HIV
RNA concentrations or because CSF virus may be suppressed even in patients who are failing
a cART regimen [7].

An ongoing question of particular interest is whether cART regimens that include agents that
penetrate the central nervous system (CNS) in therapeutic concentrations reduce CSF virus
and improve neuropsychological test performance. These questions have been addressed in
several cross sectional and prospective studies (reviewed in [8]), but limited research has been
conducted in subjects who begin or change treatment [9,10]. We report the results of ACTG
736, a multi-site longitudinal natural history study whose primary goals were to examine
changes in CSF and plasma HIV RNA and in neuropsychological function in HIV-infected
individuals who begin or change a cART regimen.

Methods
Eligibility

Subjects were required to have either peripheral blood CD4+ T cells < 200/uL with plasma
HIV RNA > 2000 copies/mL, or plasma HIV RNA > 50,000 copies/mL, regardless of CD4
count. All subjects were either initiating a new cART regimen or changing an existing regimen
because of virologic failure. A cART regimen was defined as containing ≥ 3 antiretroviral
agents (ARVs). The drug regimen was chosen by the subject's primary provider, or, if the
subject was enrolling into a treatment trial, by the randomization arm. The study protocol was
reviewed and approved by the Institutional Review Board at each participating site. Human
experimentation guidelines of each site were followed in the conduct of this research.
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Procedures
Within 21 days before beginning or changing the cART regimen, subjects underwent a
structured medical history and neurological examination, venipuncture and lumbar puncture,
and neuropsychological tests. At all sites, subjects underwent a brief neuropsychological test
battery that included timed gait, grooved pegboard with the dominant hand, digit symbol, and
finger tapping with the nondominant hand. At self-identified sites with additional expertise,
subjects underwent a more extensive neuropsychological test battery that included the above
tests and Rey auditory verbal learning test-trials I-VII, grooved pegboard with the non-
dominant hand, Trail making parts A and B, finger tapping with the dominant hand, Rey
auditory verbal learning test-trial VIII 30 minute delay, basic choice reaction time (CalCAP),
and sequential reaction time (CalCAP). The short and the long batteries have been used
routinely in studies of HIV-associated cognitive impairment [11,12].

The same procedures were repeated 24 and 52 weeks after beginning therapy. If subjects
discontinued their ARV therapy or withdrew from the study for any reason more than 4 weeks
after a previous evaluation, they repeated the evaluation. Subjects who changed their regimen
because of side effects continued in the study.

Laboratory Methods
HIV RNA in centrifuged CSF and plasma was measured by the Amplicor HIV-1 Monitor test
with Ultrasensitive Specimen Preparation (Roche Molecular Systems, Pleasanton, CA).
Samples with < 50 copies/mL were considered to be undetectable. Suppression of HIV RNA
was defined as decline from detectable to undetectable. HIV RNA copies/mL were expressed
as log10.

Statistical Methods
To estimate CNS penetration of a drug regimen, we used the CNS Penetration Effectiveness
(CPE) rank, which assigns each ARV agent a value of 0 (low penetration), 0.5 (intermediate
penetration) or 1.0 (good penetration) [8]. These ranks are summed to determine the CPE rank
of a regimen. This method categorizes CNS drug penetration based on virologic and
pharmacologic data and has been recently validated [8]. We constructed receiver operator
characteristic curves to determine that the optimal cut-off point for CPE rank was ≥ 2. Ritonavir
was not considered in the calculation of the CPE rank if it was used in low dose to increase
drug levels of concomitantly administered protease inhibitors.

Z scores were calculated for each neuropsychological test using age-adjusted norms, and a
composite Z score for the short battery (NPZ4) and the longer battery (NPZ8) was calculated
at each visit, with lower scores reflecting poorer performance and higher scores reflecting better
performance. CD4 estimates were based on a 50-cell increase.

Generalized estimating equations (GEE) with an autoregressive correlation structure were used
to examine associations between variables. The initial multivariate models included CPE,
controlling for covariates with p<0.15 in the univariate models. A backward covariate selection
strategy was applied until p<0.15 for all covariates except CPE in the models. Results are
expressed with 95% confidence intervals (CI = [LCL - UCL], where LCL is the lower
confidence limit and UCL is the upper confidence limit). P-values ≤0.05 were considered to
be significant.
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Results
Subject Characteristics

101 subjects were enrolled in the study. Twenty-two subjects were not included in the analysis
(Figure 1). Sixty subjects were seen all three study visits (Figure 1). Subjects who prematurely
ended study participation before the 24 or 52 week visits did not differ significantly from those
who completed the study with regard to demographic and laboratory features.

The characteristics of the 79 study subjects included in the analyses are shown in Table 1. Eight
subjects were receiving ARVs at study entry, before beginning their new regimens. In 7
subjects, this regimen was potent and in 1 it was not. Thirty-five subjects had taken ARVs in
the past (“experienced”) and 44 had never taken ARVs (“naïve”). Subjects who were ARV
naïve had significantly higher peripheral blood CD4+ T cell counts/uL (median 127 vs. 106,
p=0.04) compared to ARV experienced subjects, but did not differ with respect to entry plasma
or CSF HIV RNA concentration or neuropsychological function. In subjects with detectable
CSF HIV RNA at baseline, median (interquartile range [IQR]) baseline plasma HIV RNA was
4.88 (4.66-5.34) copies/mL.

Antiretroviral Regimens
Overall, subjects took 48 different drug regimens after study entry. Regimens with a CPE < 2
were prescribed at 57 (42%) of 135 visits. The median number of agents in a regimen was 3.0
(IQR 3.0-4.0), and the median CPE was 2.0 (IQR 1.5-2.5). Nonnucleoside reverse transcriptase
inhibitor (NNRTI) based regimens, defined as an NNRTI plus at least two nucleoside reverse
transcriptase inhibitors and no protease inhibitors were taken at 53 (39%) visits. The median
CPE rank in the NNRTI-based regimens and in the remaining regimens was 2.0. Based on all
visits, and adjusted for repeated measures, the number of ARVs agents in a regimen was greater
when the CPE rank was higher (r=0.47, p<0.001) [13].

Suppression of CSF HIV RNA
Cerebrospinal fluid HIV RNA was never detectable when plasma HIV RNA was undetectable.
This relationship held in experienced and naïve subjects (data not shown). CSF HIV RNA was
rarely detectable when plasma HIV RNA was < 1000 copies/mL (data not shown).

In univariate analysis, the odds of suppression of CSF HIV RNA were high in subjects who
were ARV naïve compared to those who were ARV experienced (Odds Ratio [OR] 6.06, 95%
CI 1.54-23.77) (Table 2). Compared to those prescribed a regimen with a CPE rank <2, there
was a trend toward greater odds of suppression of CSF virus in subjects who were prescribed
a regimen with a CPE rank ≥ 2 (OR 3.22, 95% CI 0.95-10.87). There was no significant
relationship between suppression of CSF HIV RNA and use of an NNRTI-containing regimen.

In multivariate models, the odds of suppression of CSF virus were greater in subjects who were
ARV naïve at study entry compared to those who were ARV experienced (OR 4.86, 95% CI
1.11-21.27, p=0.04). Taking into account being naïve and total number of ARV agents, subjects
who were prescribed a regimen with CPE rank ≥ 2 had significantly greater odds of suppression
of CSF virus (OR 4.10, 95% CI 1.06-15.91, p=0.04). There was a trend toward lower odds of
suppression of CSF virus in subjects who were prescribed more ARV agents (OR 0.64, 95%
CI 0.40-1.01, p=0.06).

Suppression of Plasma HIV RNA
In univariate analysis, the odds of suppression of plasma HIV RNA were greater in subjects
who were ARV naïve (3.87, 95% CI 1.63-9.20, p=0.002) and in those who were prescribed an
NNRTI-based regimen (OR 2.71, 95% CI 1.13-6.47, p=0.03). For every 50-cell increase in
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entry CD4, the odds of suppression of plasma HIV RNA were 1.24 fold (95% CI 1.03-1.49,
p=0.02) higher. There were no significant associations between suppression of plasma HIV
RNA and CPE rank ≥ 2 or number of agents in a regimen.

Neuropsychological Tests
Seventy-five subjects underwent the 4-test battery and 52 subjects underwent the 8-test battery
(Table 1). Based on clinical convention and prior experience, a Z score ≤ -0.5 was chosen as
the definition of cognitive impairment [14]. Twenty-six subjects were impaired based on their
entry NPZ4 score, and 17 subjects were impaired based on their entry NPZ8 score. We
restricted analyses of the effect of entry characteristics on neurocognitive performance over
the course of the study to those subjects who were cognitively impaired at study entry. Data
from 39 follow-up visits were available for analysis of NPZ4, and data from 26 follow-up visits
were available for analysis of NPZ8. Subjects who were included in these analyses differed
from those who were not included. As expected, compared to subjects not included in the NPZ4
analysis, subjects included in the NPZ4 analysis had lower entry peripheral blood CD4+ T
cells/uL (median 94 vs. 132, p=0.05). They also had fewer years of education (median 12 yrs
vs. 14 years, p=0.01), and were less likely to be white (23% vs. 62%, p=0.002). Compared to
subjects not included in the NPZ8 analysis, subjects included in the NPZ8 analysis had lower
median peripheral blood CD4+ T cells (54 cells/uL vs. 126 cell/uL, p=0.002) but did not differ
in years of education or ethnicity.

There was no significant relationship between impaired NPZ4 at study entry and the CPE rank
of the initial ARV regimen. Specifically, 14 (54%) of 26 subjects with impaired NPZ4 at entry
were prescribed an initial ARV regimen with CPE rank ≥ 2, and 12 (46%) were prescribed a
regimen with CPE rank < 2. Similarly, 25 (56%) of 45 subjects with unimpaired NPZ4 at entry
were prescribed an initial ARV regimen with CPE rank ≥ 2, and 20 (44%) were prescribed a
regimen with CPE rank < 2.

Among the 26 patients with impaired NPZ4 at study entry, there was no significant difference
in the baseline NPZ4 score in subjects who were ARV-experienced vs. ARV-naïve (median
[IQR] -1.10 [-1.19 to -0.67] Z vs. -1.09 [-1.89 to -0.84] Z). Over the course of the study, there
was no significant difference in the number of ARVs prescribed in the 10 experienced vs. 16
naïve subjects (data not shown).

Table 3 shows the results of univariate analyses of NPZ4 for subjects with entry NPZ4 ≤ -0.5.
For every 1 Z score higher entry NPZ4, NPZ4 was 0.86 Z score higher over the course of the
study. Compared to subjects who were prescribed an ARV regimen with a CPE rank < 2,
subjects prescribed a regimen with a CPE rank ≥ 2 had 1.08 Z score lower NPZ4 over the
course of the study. For every one agent added to a regimen, NPZ4 was subsequently 0.38 Z
lower. There was no significant relationship between undetectable CSF HIV RNA at entry or
use of efavirenz and NPZ4 score. In multivariate models, the association with CPE ≥ 2 remained
significant after controlling for entry NPZ4. Compared to subjects who were prescribed an
ARV regimen with a CPE rank < 2, subjects prescribed a regimen with a CPE rank ≥ 2 had
0.66 Z (0.14-1.19, p=0.01) score lower NPZ4 over the course of the study.

Among those subjects with entry NPZ4 ≤ -0.5, we examined change in NPZ4 over the course
of the study in those who were prescribed 4 agents vs. 3, and in those who were prescribed
regimens with CPE ≥ 2 compared to < 2. There was a trend toward improvement in NPZ4 in
subjects who were prescribed 3 ARVs (median [IQR] 0.36 [0.06-0.79] Z, p=0.07), but NPZ4
did not change significantly in those prescribed 4 agents (median [IQR] -0.58 [-0.82-0.59] Z,
p=0.47). NPZ4 improved significantly in subjects who were prescribed a regimen with CPE
rank < 2 (median [IQR] 0.28 [0.19-0.87] Z, p=0.02), but not in those prescribed regimens with
CPE rank ≥ 2 (median [IQR] 0.01 [-0.64-0.59] Z, p=0.86).
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In univariate analysis of NPZ8 over the course of the study in subjects with entry NPZ8 ≤ -0.5,
the negative relationship between more ARV agents in a regimen and neurocognitive
performance remained highly significant, but the magnitude of the effect was small (Table 4).
For every one agent added to a regimen, NPZ8 was 0.11 Z lower. CPE rank was not significantly
related to NPZ8 over the course of the study. The small number of observations in this analysis
precluded construction of multivariate models.

Discussion
The goal of this study was to determine if patients who begin or change to an ARV regimen
with “good” CNS penetration, defined as a CPE rank ≥ 2, have better CSF virologic and
neurocognitive outcomes than individuals who are not prescribed such regimens. Our study
population was chosen to have advanced disease to increase the number of subjects with
cognitive impairment, and, as expected, we found that subjects with neurocognitive impairment
had lower median peripheral blood CD4+ T cells.

We found that regimens with CPE rank ≥ 2 conveyed greater odds of suppression of CSF HIV
RNA. Use of an NNRTI-based regimen was not significantly related to the odds of suppression
of CSF HIV RNA. No significant relationship between CPE rank and suppression of plasma
HIV RNA was seen. This finding suggests that the benefit of CNS penetrating agents on
suppression of CSF viral replication may be independent of the overall efficacy of a regimen.
The findings in our longitudinal study are in agreement with those of a cross-sectional study
[8].

We also found that subjects who were ARV naïve had significantly greater odds of suppression
of CSF virus compared to experienced subjects, even taking into account CPE rank or number
of ARVs in a regimen. A longitudinal study of 29 individuals who started or changed cART
also found that being ARV naïve predicted greater decline in CSF HIV RNA [10].

In contrast to our hypothesis that subjects who were prescribed ARV regimens with good CNS
penetration would have better neurocognitive performance, we found the opposite. In
univariate analysis of NPZ4, compared to use of a regimen with CPE rank < 2, use of a regimen
with CPE rank ≥ 2 was significantly associated with poorer neurocognitive performance in
subjects who were cognitively impaired at study entry. The magnitude of the effect was
substantial. In the same analysis, use of ARV regimens that contained more drugs was also
significantly associated with poorer neurocognitive performance, although the magnitude of
the effect was smaller. In multivariate analyses, CPE rank ≥ 2 remained significantly associated
with poorer NPZ4 scores over the course of the study.

Previous studies have shown that neuropsychological test performance in HIV-infected
individuals improves with repeat testing, consistent with a practice effect [9]. Among subjects
who were neuropsychologically impaired at study entry, we saw significant improvement in
NPZ4 in subjects who were prescribed regimens with CPE rank < 2 and a trend toward
improvement in those prescribed 3 agents (instead of 4). In contrast, we saw no significant
change in performance in the subjects prescribed a regimen with CPE rank ≤ 2 or who were
prescribed 4 drugs. Thus we cannot say that the latter group simply “improved less” than the
former group.

At first inspection, our findings seem to be inconsistent with previous studies. For example,
the incidence of HIV-associated dementia has significantly decreased in the era of cART
[15,16]. Although few studies have examined change in neuropsychological function after
starting or changing ARV therapy, cognitive improvement has been documented, even when
the regimen would not be considered “potent” [9,17,18].
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Nonetheless, the observation that neurocognitive impairment may be associated with specific
components of a cART regimen is not without precedent. For example, a longitudinal study
showed that patients whose ARV regimens contained ritonavir with another protease inhibitor
or a regimen that contained ≥ 3 CNS penetrant drugs had poorer motor performance than
patients who did not receive the protease inhibitor combination or who were prescribed
regimens with < 3 penetrant drugs [19]. The authors suggested that complex drug interactions
could contribute to CNS toxicity. A proton magnetic resonance spectroscopy (MRS) study
showed that subjects who took didanosine or stavudine had decreased frontal white matter N-
acetyl aspartate concentrations compared to HIV-uninfected controls [20]. This difference was
not seen in patients who took zidovudine and lamivudine compared to controls. The authors
speculated that the negative effect could be mediated by mitochondrial toxicity of didanosine
and stavudine, a known effect of these drugs in the peripheral nervous system.

Several explanations could be advanced to explain our findings regarding the relationship
between neurocognitive performance, number of ARV agents in a regimen, and measures of
CNS drug penetration. First, the findings could be spurious. We limited our analysis of
neurocognitive performance to subjects with abnormal performance at study entry to eliminate
a “ceiling effect.” As a consequence, small numbers limited our analyses.

Poorer adherence to treatment, and hence untreated or poorly treated HIV, which we know is
associated with poorer cognitive function, could also be raised as a possible explanation for
why subjects who were prescribed CNS penetrant agents or a higher number of agents had
poorer neurocognitive performance. We did not specifically address adherence, but plasma
HIV RNA is a good surrogate for adherence. As in the group as a whole, in the subgroup of
subjects included in the neurocognitive analyses, we did not see a relationship between number
of ARV agents in a regimen or CPE rank and suppression of plasma HIV RNA (data not shown).
These findings suggest that suboptimal adherence to treatment does not explain poorer
cognitive performance. Similarly, the lack of association between number of drugs in a regimen
and suppression of plasma HIV RNA argues against the possibility that subjects who took more
ARVs did so because they had less well controlled HIV.

Subjects who took regimens that contained more drugs may have had more drug-related side
effects, which could have impacted their cognitive performance. This possibility is particularly
relevant to use of efavirenz, which has known cognitive adverse effects. However, we found
no significant relationship between use of efavirenz and neuropsychological performance over
the course of the study.

Our study has limitations. We assume that, because it takes into account virologic and
pharmacologic data, the CPE score reflects CNS drug penetration rather than simply CSF drug
penetration. We were unable to directly test this hypothesis, as we did not have access to pre-
or postmortem brain tissue. We were not able to include data from 22 of the 101 enrolled
subjects. However, our study population is, to our knowledge, the largest of any longitudinal
investigation of subjects beginning or changing ARV therapy. Antiretroviral regimens were
not randomly allocated, and were chosen by the treating provider or by the co-enrolling clinical
trial. It is thus possible that subjects who were enrolled from clinical care and who were more
cognitively impaired may have been preferentially prescribed a more penetrant regimen. Our
finding that there was no significant relationship between cognitive impairment at baseline and
the CPE rank of the initially prescribed regimen does not support this hypothesis. Another
possibility is that highly experienced subjects may have been more likely to be cognitively
impaired and to have received more ARV agents. However, we found that among those subjects
with baseline NPZ4 ≤ -0.5, there was no significant difference in baseline NPZ4 score in
experienced compared to naïve subjects. Similarly, there was no significant difference in the
number of ARV agents prescribed experienced compared to naïve subjects over the course of
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the study. Nonetheless, confounding could have occurred based on subject characteristics that
were not measured in the study.

Finally, it is possible that agents with good CNS penetration are neurotoxic in the population
of subjects with advanced HIV. A mechanism for neurotoxicity is a matter of speculation.
Patients with advanced disease might be more susceptible to drug-related neurotoxicity because
of disruption of the blood-brain-barrier or because of decreased cognitive reserve due to chronic
brain HIV infection or comorbidities such as age or vascular disease.

On a practical basis, our data support the contention that ARV regimens with estimated good
CNS penetration are more effective than regimens with poorer CNS penetration in controlling
CSF (and presumably CNS) viral replication, regardless of the number of agents in a regimen
and whether the regimen is NNRTI-based or not. However, we are not able to say that better
CNS penetration translates into better cognition. In fact, our data suggest that the opposite may
be true. Our results should be interpreted in light of the limitations of the study. A larger,
controlled trial that addresses the impact of CNS penetrant ARV regimens on cognition is
required.
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Figure 1. Flow chart of number of subjects seen at each visit.
Twenty-two subjects did not start a cART regimen and thus did not contribute data. “Other”
includes 1 subject who was too ill to participate, and 1 who died.
Five subjects did not return for the week 24 visit, and the reasons are shown in the Figure.
Twelve subjects did not return for the week 52 visit. “Other” includes 2 subjects who were not
able to go to the study clinic, 1 who was too ill to participate and 1 who failed their
appointments.
Three patients underwent study visits at 14, 44 and 48 weeks and then discontinued
participation. For simplicity, these three visits are not included in the Figure.
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Table 1
Baseline demographic and laboratory characteristics (n=79)

Characteristic Value

Female (number, percent) 13 (16.5%)

Non-white (number, percent) 40 (50.6%)

Age (median years, IQR) 39 (33 to 45)

Years of education (median years, IQR) 13 (12 to 15)

Peripheral blood CD4+ T cells/uL (median, IQR), n=77 111 (49 to 224)

Log CSF HIV RNA copies/mL (median IQR), n=74 3.33 (2.50 to 3.85)

CSF WBC/uL (median, IQR), n=70 3 (0 to 7)

Log plasma HIV RNA copies/mL (median, IQR), n=78 4.86 (4.55 to 5.30)

NPZ4 (median, IQR), n=75 -0.29 (-0.96 to 0.14)

NPZ8 (median, IQR), n=52 -0.24 (-0.70 to 0.15)
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Table 2
Univariate Odds of Suppression of CSF HIV RNA by Characteristics at Study Entry

Characteristic OR LCL UCL P Value

ARV Naive at Entry 6.06 1.54 23.77 0.01

Entry Log10 Plasma HIV RNA copies/mL 0.83 0.26 2.66 0.75

Entry Log10 CSF HIV RNA copies/mL 0.86 0.25 2.99 0.81

Entry CD4+ T cells per 50 cells/uL 1.20 0.96 1.49 0.10

NNRTI Regimen 1.71 0.51 5.73 0.39

Number of ARV Agents 0.70 0.44 1.12 0.14

CPE rank ≥ 2 3.22 0.95 10.87 0.06
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Table 3
Univariate Estimates of Entry Characteristics on NPZ4 Over the Course of the Study in Subjects with Entry NPZ4 ≤
-0.5 Z

Characteristic Estimate LCL UCL P Value

Entry NPZ4 0.86 0.61 1.12 <0.001

Entry Log10 Plasma HIV RNA Copies/mL -0.11 -0.54 0.33 0.63

Undetectable CSF HIV RNA at Entry 0.27 -0.25 0.79 0.31

Entry CD4+ T cells per 50 Cells/uL 0.07 -0.04 0.17 0.21

NNRTI Regimen -0.30 -1.10 0.50 0.46

Number of ARV Agents -0.38 -0.59 -0.17 0.001

CPE rank ≥ 2 -1.08 -1.66 -0.50 <0.001

ARV regimen includes efavirenz -0.29 -1.09 0.51 0.48

ARV Naive -0.59 -1.24 -0.06 0.08
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Table 4
Univariate Estimates of Entry Characteristics on NPZ8 Over the Course of the Study in Subjects with Entry NPZ8 ≤
-0.5

Parameter Estimate LCL UCL P Value

Entry NPZ8 0.53 -0.11 1.18 0.11

Entry Log10 Plasma HIV RNA Copies/mL -0.38 -0.67 -0.08 0.01

Baseline Suppression of CSF RNA HIV
RNA

-0.15 -0.74 0.45 0.63

Entry CD4+ T cells per 50 Cells/uL -0.01 -0.31 0.28 0.94

Patient Was on NNRTI Regimen -0.10 -0.97 0.78 0.83

Number of ARV Agents -0.11 -0.11 -0.11 <0.001

CPE rank ≥ 2 -0.29 -1.00 0.41 0.42

ARV Naive -0.32 -1.02 0.38 0.37
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