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Background: Neurocognitive impairment (NCI) in people with HIVV (PWH) on antiretroviral
therapy (ART)'is common and may result from persistent HIV replication in the central nervous
system.

Methods: A5324 was a randomized, double-blind, placebo-controlled trial of ART
intensification with dolutegravir (DTG)+MVC, DTG+Placebo, or Dual-Placebo in PWH with
plasma HIV RNA <50 copies/mL on ART and NCI. Assessments were repeated at 24, 48, 72,
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and 96 weeks. The primary outcome was the change from baseline to week 48 on the normalized
total z-score (i.e., the mean of the individual NC test z-scores).

Results: Of 357 screened, 191 enrolled: 71% male, 51% Black race, 22% Hispanic ethnicity;
mean age 52 years; mean CD4+ T-cells 681 cells/uL. Most (65%) had symptomatic HIV-
associated NC disorder. Study drug was discontinued due to an adverse event in 15 (8%) and did
not differ between arms (p=0.19). Total z-score, depressive symptoms, and daily-functioning
improved over time in all arms with no significant differences between them at week 48 or later.
Adjusting for age, sex, race, study site, efavirenz use, or baseline z-score did not alter the results.
Body mass index modestly increased over 96 weeks (mean increase 0.32 kg/m?, p=0.006) and
did not differ between arms (p>0.10).

Conclusions: This is the largest, randomized, placebo-controlled trial of ART intensification for
NCI in PWH. The findings do not support empiric ART intensification as a treatment for NCI in
PWH on suppressive ART. They also do not support that DTG ‘adversely affects cognition,
mood, or weight.
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INTRODUCTION

Despite effective suppression of plasma HIV. RNA below the lower limit of quantification (LLQ)
with antiretroviral therapy (ART), persons with HIV (PWH) often have neurocognitive (NC)
impairment (NCI), which can‘range from mild and asymptomatic to severe. Large, observational
studies have found that NCloccurred in up to 69.5% of PWH, including those taking suppressive
ART.Y" A meta-analysis of more than 35,000 PWH from 123 published reports found that the
prevalence of NCI was:42.6% (95% confidence interval 39.7-45.5%).2

NCI may be accompanied by depressive symptoms®*! and each of these can adversely affect
daily functioning.'?* NCI in treated PWH may be due to one or more factors, including
irreversible injury that occurred prior to ART, persistent HIV replication in the central nervous
system (CNS),*" persistent CNS inflammation,*!82° or ART toxicity.?*?® Controversy remains
as to whether ART that better distributes into the CNS is important in treating NCI in PWH since
findings” from observational studies are mixed?*?®, with some finding that better “CNS-
penetrating” ART is associated with better NC performance,?’*® while others have reported no
association or even worse performance.3¢-4!

This trial assessed the efficacy over 96 weeks of adding two well tolerated drugs, dolutegravir
(DTG) and maraviroc (MVC), to the suppressive ART regimen of PWH who had NCI. MVC
was chosen because: 1) its CSF concentrations are in the therapeutic range;*“® 2) the primary
target cells in the CNS express predominantly CCR5; and 3) inhibition of CCR5 may decrease
migration of lymphocytes into the CNS.* DTG was chosen because: 1) its CSF concentrations
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are also in the therapeutic range;*® and 2) it has reliable antiviral activity in integrase inhibitor-
naive individuals.

METHODS

Overall Design. A5324 was a phase 1V, randomized, double-blind, placebo-controlled. trial that
assessed whether ART intensification improved NC performance in PWH ‘with NCI on
suppressive ART (ClinicalTrials.gov Identifier: NCT02519777). Eligible participants were PWH
who were taking a stable ART regimen for at least six months that did not contain an integrase
inhibitor or MVVC and who had plasma HIV RNA <50 copies/mL and NC performance >1
standard deviation below the normative mean on >2 NC tests in different domains (consistent
with an HIV-associated NC Disorder [HAND]).*® Exclusion criteria included severe
neuropsychiatric conditions that affect functioning and are summarized.in Supplemental Table 1.
As summarized in the CONSORT diagram (Supplemental Figure 1), 357 participants provided
informed consent at 24 sites. Of these, 191 were eligible to. participate and enrolled between
April 2016 and November 2018 in the U.S. (n=156), Brazil (n=5), South Africa (n=15), and
Thailand (n=15). Participants were randomized.1:1:1 to add either Dual-Placebo, DTG and
placebo for MVC (DTG+Placebo), or DTG andMVC (DTG+MVC). Randomization was
stratified by CD4+ T-cell nadir (<100 vs. >100 cells/uL) and HAND severity (asymptomatic
[i.e., asymptomatic neurocognitive impairment, ANI] vs. symptomatic [mild neurocognitive
disorder, MND and HIV-associated dementia, HAD]). Minor ART regimen changes were
allowed, e.g., changing tenofovir disoproxil fumarate to tenofovir alafenamide or changing
ritonavir to cobicistat. NC testing was performed at screening within 90 days of entry and then
repeated at weeks 24, 48, 72,.and 96. The primary outcome was NC performance change at 48
weeks with a secondary. endpoint at 96 weeks. All study procedures were approved by an
Institutional Review Board at each site.

Neuropsychiatric. Assessment. The NC test battery was designed to adhere to the
recommendations of the Frascati consensus and is summarized in Supplemental Table 2. The
tests in the battery have been implemented successfully in international, multisite, clinical trials,
and-extensive training materials within the ACTG exist. Personnel who administered the tests
completed initial training and certification as well as annual recertification. Country and site-
specific normative data were used for comparison and individual z-scores were calculated using
a’demographically appropriate norming process.>”’ Individual scores were separated into six
component domains (see Supplemental Table 2) and the z-score for each domain was calculated
as the average of standardized individual z-scores listed under the domain. The total z score was
the average of the z scores of each domain. The primary outcome measure of change over time
was calculated by subtracting the total z-score at week 48 from the total z-score at baseline.
Alternative versions of the tests were administered at subsequent visits to reduce practice effects.
The Dual-Placebo arm provided an estimate of practice effects and natural history in our
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analyses. Self-report assessments of depressive symptoms (Beck Depression Inventory-11 [BDI-
1] in the U.S. and the Patient Health Questionnaire-9 [PHQ-9] outside the U.S.) were
administered as was the Revised Lawton and Brody Instrumental Activities of Daily Living
Scale (IADLS).

Safety, Clinical, and Biomarker assessments. Clinical safety evaluation and monitoring was
performed at weeks 2, 4, 12, and 24 weeks and then every 24 weeks. Blood was collected for
clinical hematology and chemistry panels, CD4+ and CD8+ T-cells at local CLIA-approved,
CAP-certified, Virology/Immunology Quality Assured, ACTG-affiliated laboratories. Specimens
were stored at -80°C prior to plasma HIV RNA quantification (Abbott m2000sp/rt; assay lower
limit of quantification (LLQ) 40 RNA copies/mL) at a central laboratory. CSF was collected by
lumbar puncture in consenting participants. Biomarkers were measured in stored plasma (at
baseline, 12, and 48 weeks, n=162) and CSF (at baseline and 48/ weeks, n=34). Plasma levels of
soluble tumor necrosis factor receptor 1l (STNFR-1I), soluble vascular cell adhesion molecule
(sVCAM)-1, soluble CD14 (sCD14), macrophage inflammatory protein (MIP)-1B, (R&D
Systems) and neurofilament light chain (NfL; Uman Diagnostics) were measured using enzyme-
linked immunosorbent assay (ELISA) per manufacturer’sinstructions. Duplicates of 15% of the
samples were included in each plate and results-were analyzed using Bio Tek ELx800 reader
using KCjunior software (version 1.6). In CSF, MIP-1p, interferon inducible protein (IP)-10
(R&D Systems), NfL, and neopterin (Genway) were measured in duplicate using ELISA.

Statistical analyses. A sample size of 62 participants per group, with a total of 186 participants,
was selected to achieve 90% power. to detect a difference of at least 0.5 higher for the
DTG+MVC arm compared to the Dual-Placebo arm. The sample size accounted for multiple
comparisons of the efficacy outcome between arms using Bonferroni correction, one interim
analysis of efficacy, and a 15% loss to follow-up. The primary analysis and secondary analyses
used the modified intent-to-treat principle, which did not include one participant who did not
start study drug.. The two-sample t-test was used for three pairwise comparisons of total z-score

between any two"arms. Treatment comparisons were also evaluated using linear regression
models adjusting for covariates such as sex, race, and location (U.S. vs. others). Proportion of
adverse ‘events' and discontinuation of study drug were evaluated using Fisher’s exact tests.
Time-to-discontinuation was compared between arms using Kaplan-Meier method and log-rank
test..Comparisons over time between arms for IADLs, BDI-1l, CD4+ T-cells, and CD8+ T-cells
were evaluated using mixed repeated measures models. Changes over time within arms were
evaluated using Wilcoxon signed rank test. Spearman correlations were used to assess
associations between biomarkers.
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RESULTS

Participant Characteristics at Baseline. As summarized in Table 1, participants were mostly
assigned male sex at birth (71%), had a mean age of 52 years, and had self-reported racial
identity as Black (51%) and ethnic identity as non-Hispanic (78%). Gender identity was not
collected. All participants had plasma HIV RNA < 50 copies/mL at screening, although7 values
were between 50 and 200 copies/mL at baseline (after randomization). Mean CD4+ T-cells were
703 cells/pL and 30% had nadir CD4+ T-cells <100/uL. The most used ART drugs at baseline
were emtricitabine (83%), tenofovir disoproxil fumarate (63%), efavirenz. (32%), tenofovir
alafenamide (27%), and darunavir (24%). The most common ART regimens at baseline were
coformulated efavirenz-emtricitabine-tenofovir disoproxil fumarate (50, 26.3%), coformulated
rilpivirine-emtricitabine-tenofovir ~ alafenamide (23, 12.1%), 'and [darunavir-ritonavir-
emtricitabine-tenofovir disoproxil fumarate (16, 8.4%). All participants had NCI at baseline with
nearly two-thirds meeting criteria for symptomatic HAND. Participants averaged more than four
comorbid conditions at baseline, most commonly hypertension (74, 39%), hyperlipidemia (29,
15%), asthma (23, 12%), osteoarthritis (23, 12%), and type 2.diabetes mellitus (18, 9%). None
differed between arms, nor did the number of concomitant:medications.

Safety of the Intervention. Fifteen adverse events were attributed to study drug; had grades
between 1 and 3; and did not differ between.arms (Supplemental Table 3, all p values >0.10).
The most common were decreased creatinine clearance (6 participants, 3.1%)* and
gastrointestinal disorders (5 participants, 2.6%), with five other adverse events occurring in one
participant each (nervous system-disorders, psychiatric disorders, respiratory disorders, urinary
tract infection, increased serum total bilirubin). Five participants experienced virological failure,
which was defined as plasma HIV RNA >200 copies/mL with repeat confirmation. Four of these
occurred in the Dual-Placebo arm (at weeks 16, 17, 24, and 28) and one in the DTG+MVC arm
(week 34). Study drug was discontinued in 15 (7.8%) participants. Most discontinuations
occurred prior to .week 48 and totaled 3 (5%) in the Dual-Placebo arm, 4 (6%) in the
DTG+Placebo arm, and 8 (13%) in the DTG+MVC arm (p=0.19). Time-to-discontinuation did
not differ between arms (Figure 1, p=0.17).

Effects of the Intervention on NC Test Performance, Depressive Symptoms, and IADLs.
Global NC test performance, BDI-II values, and IADL values over time by treatment arm are
shown-in Figure 2. In all arms, the total z-score improved between baseline and the primary
outcome timepoint, week 48 (mean 0.25, 95% CI 0.16-0.34), consistent with practice effects.*8
This change did not differ between arms (DTG+Placebo vs. Dual-Placebo: p=0.60, DTG+MVC
vs. Dual-Placebo: p=0.33). Total z-score also did not differ between arms over 96 weeks
(DTG+Placebo vs. Dual-Placebo: p=0.79, DTG+MVC vs. Dual-Placebo: p=0.95). Individual
domain z-scores also improved over time in the entire group and did not differ between arms
(Table 2, all p values >0.05), except for Verbal Memory (weeks 48 and 72) and Verbal Learning
(week 48) domains, which improved more in the DTG+MVC arm than in the Dual-Placebo arm.
BDI-Il and IADL values also improved over time and did not differ between arms (p>0.10).
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Planned analyses stratified total z-scores by HAND diagnosis (ANI vs. MND+HAD) and nadir
CD4+ T-cells (<100 vs. >100/uL). Performance did not differ between treatment arms for
participants with either asymptomatic or symptomatic HAND (p >0.10). Similarly, performance
did not differ between treatment arms by nadir CD4+ T-cell stratum (p >0.10). Results were
unchanged in post-hoc analyses that adjusted for the influence of age, sex, education, study site,
baseline z-score, or efavirenz use (all p values >0.10).

Sensitivity analyses that assessed the impact of missing NC test data using imputation by three
different methods (minimum, median, and maximum total z-score by arm) also found no
significant differences between arms. Per-protocol analyses included 163 (86%) participants and
found no significant differences between arms.

Effects of the Intervention on Cellular and Soluble Biomarkers. The DTG+MVC arm had
greater increases in CD4+ (p=0.019) and CD8+ (p=0.018) T-cells-over time than participants in
the Dual-Placebo arm but these arms did not differ in the CD4/CD8 T-cell ratio over time. The
DTG+Placebo arm did have higher CD4/CD8 T-cell ratios over time than the Dual-Placebo arm
(p=0.037). Supplemental Figure 2a is a correlation..matrix of the soluble biomarkers: the
strongest correlations were between CSF IP-10 and either CSF neopterin (r=0.58, p < 0.001) or
CSF NfL (r=0.54, p < 0.001). Trend-level correlations-were present between worse total z-score
and higher plasma NfL (p=0.068), CSF IP-10 (p=0.074), and CSF NfL (p=0.089) at week 48 but
not at other timepoints. Change in soluble.biomarkers over time did not correlate with change in
total z-score over time. Change in biomarkers did not differ by treatment arm (e.g., plasma NfL,
Supplemental Figure 2b), with the exception that the DTG+MVC arm had greater increases over
time in plasma MIP-1f than the other two arms (Supplemental Figure 2c).

Effect of the Intervention on Body Mass Index (BMI). Because integrase inhibitors may
increase weight*®, a_post-hoc analysis was performed and found that BMI increased over 96
weeks in the entire cohort (Supplemental Figure 3, p=0.006). The increase was modest (mean
0.32 kg/m?, 95% confidence interval 0.11-0.74 kg/m?); was numerically greatest in the Dual-
Placebo arm; and did-not differ between arms at week 96 (p >0.10).

DISCUSSION

A5324 was the largest, randomized, placebo-controlled trial of ART intensification for NCI in
PWH. The premise for the trial was that NCI in PWH who are taking ART is due to persistent
HIV replication,>®>* but the findings do not support this conclusion: NC performance improved
over 96 weeks and did not differ by arm. Stratification and sensitivity analyses did not identify
subgroups who benefitted from active study drug, nor did adjustments for demographic or other
characteristics. Results of NC testing were further supported by a lack of differences between
arms in depressive symptoms, IADLSs, or in concentrations of NfL in plasma or CSF.>>%® These
findings provide strong evidence that ART intensification with currently available ART drugs is
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not an effective strategy to treat existing NCI in PWH who are already taking suppressive
therapy. Instead, the negative findings support alternative explanations, such as prior CNS injury,
cellular shedding of viral products®**"° persistent inflammation, or comorbid disease.®

Many studies have assessed the influence of ART on cognition,?’-3436-40 hyt fewer have assessed
the influence of ART intensification. Two small, open-label, single-center trials .of MVC
intensification found evidence of NC improvement.5%%2 A third, open-label trial,of ART
intensification found evidence of NC improvement after 96 weeks.®® As a randomized; placebo-
controlled, multisite, international clinical trial, A5324 substantially improved on the design of
these prior trials and found that ART intensification did not improve NC performance over 96
weeks more than placebo. The trial did confirm that the addition of MVC (in combination with
DTG) increased CD4+ and CD8+ T-cells (but not CD4/CDS8 ratio)® and MIP-1p in blood but
these changes were not associated with NC performance, depressive symptoms, or IADLSs.

Multiple reasons for these negative findings are possible. Foremost is that ART intensification
would not reduce shedding of neurotoxic viral products.in transcriptionally active cells in the
CNS more than an existing suppressive ART regimen:.-Second, ART drug concentrations may be
substantially higher in the brain than in CSF,*>%” which could also eliminate the benefit of
intensification. While pharmacology and measurement.of viral products are not reported here,
future analyses will measure ART drug concentrations, cell-associated HIV DNA, and
extracellular single-copy HIV RNA using.stored biospecimens from the trial. Another possibility
is that NCI in PWH is due to comorbid conditions that occur more frequently in PWH than in the
general population. For instance, multiple reports show that conditions such as vascular disease®
and metabolic syndrome®®%° are more strongly associated with NCI in virally suppressed PWH
than indicators of HIV disease severity. Another possibility is that NCI was due to static brain
injury that occurred prior to ART, rather than to reversible processes that might respond to an
intervention. The heterogeneous nature of NCI in PWH may also reduce the power of an
intervention that ‘targets just one step in pathogenesis. Even if NCI is associated with HIV
disease indicators«(e.g., high levels of cell-associated HIV DNA>*, CSF viral escape’®, or HIV
compartmentalization’*-"#), only a subgroup of PWH typically have these conditions. Finally, the
drugs chosen for this trial may also not have been ideal. For example, since the trial began, data
have emerged on the possible DTG neurotoxicity.”>’® While larger analyses did not find
evidence of DTG neurotoxicity in adults,”®® if DTG does cause neurotoxicity in a subgroup of
PWH, then this may have also influenced our results. Of note, however, participants in the DTG
arms did not have worse NC performance than those in the Dual-Placebo arm.

The trial has important limitations. Chief among them may be insufficient power. The trial found
no evidence of NC benefit, but the intervention may have only been beneficial in a subgroup for
the reasons summarized above. Since the trial did not target PWH who had, for example, higher
cell-associated HIVV DNA or CSF viral escape, it may not have selected the group most likely to
benefit. The multisite design that includes participants from low- and middle-income countries
strengthens generalizability, but it also necessitated the use of different NC test protocols
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(Supplemental Table 2) to optimize cultural relevance (e.g., different languages), which
introduced variability.8! The use of ecologically relevant normative data from each region should
have mitigated this and accounting for the influence of study site did not alter the findings.
Domain-specific and global cognitive performance improved similarly in each treatment arm.
However, the magnitude of change in test performance was within the range of measurement
error for the test protocol. Other studies report that cognitive change with repeat testing of PWH
IS within measurement error. Practice effects may also have contributed to the improvement
observed in each treatment arm. The influence of practice may have been reduced by our use of
alternate forms for verbal learning and memory, but similar options were not available for other
cognitive domains. Multiple baseline testing is another strategy that might-have reduced the
influence of practice, but this adds burden for study participants and staff. Our.assessment is that
measurement error and practice effects did not substantively influence the outcomes in this trial.

In summary, we report the primary results of the largest, randomized, placebo-controlled trial of
ART intensification for NCI in PWH to date. The negative findings do not support the use of
ART intensification to treat this condition in PWH who are already taking stable, suppressive
ART. As noted, future analyses will quantify ART drug concentrations in blood and CSF as well
as cell-associated HIV DNA and single-copy HIV RNA in plasma to assess whether these
characteristics influenced the findings.
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Table 1. Participant Characteristics.

Total Dual Placebo DTG+Placebo DTG+MVC
(N=191) (n=63) (n=67) (GE:)
‘Age(Years)  52(®)  52(7)  52(9  .52(8)
Sex at Birth (Female)? 56 (29%) 15 (24%) 23 (34%) 18 (C’K)%)
Race (Black or African American)? 97 (51%) 30 (48%) 30 (450/3) X 37 (61%)
Ethnicity (Hispanic)? 42 (22%) 15 (24%) 17 (25%)~. 10 (16%)
Primary Language (English)? 127 (66%) 40 (63%) | 44 (66%) 43 (70%)
History of Injection Drug Use? 14 (7%) 2(3%) 4+ 8(12%) 4 (7%)
HIV RNA (< 50 copies/mL)? 184 (96%) 62 (98%). 64 (96%) 58 (95%)
CD4+ T-cell Count (/uL)? 703 (300) | 681 (294) 703 (278) 726 (331)
Nadir CD4+ T-cell Count < 100/L2 57 (30%) .19 (30%) 20 (30%) 18 (30%)
CD4+/CD8+ T-Cell Ratio® 1.00 (0.51)_I ~0.95 (0.46) 1.00 (0.48) = 1.05 (0.59)
Body Mass Index (kg/m?)! .29.0 (6.7) 29.5 (6.6) 29.0 (6.8) 28.6 (6.8)
Efavirenz Use? 60 (32%) 24 (38%) 18 (27%) 18 (30%)
Number of Comorbid Conditions?" | 4.49 (4.68) 4.32 (3.81) 4.35 (5.03) 4.84 (5.15)
Polypharmacy (> 5 Concomitant Drugs)? 73 (38%) 21 (33%) 26 (39%) 26 (43%)
Average Z-scorel . ' -1.00 (0.73) -0.96 (0.79) = -0.97 (0.70)  -1.09 (0.70)

Symptomatic HAND Dﬁgnosis
124 (65%) 42 (67%) 44 (66%) 38 (62%)
(MND or HAD)?

IMean (standard deviation) 2Number (percent). HAND=HIV-Associated Neurocognitive Disorder, MND=Mild
Neurocognitive Disorder, HAD=HIV-Associated Dementia.
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Table 2. Mean (95% confidence interval) of change in

48.

Cognitive Domain

Attention/working

Total

(N=190)

0.32(0.21,

Arm A
(Dual Placebo)

(N=63)

0.24 (0.04, 0.43)

Arm B
(DTG+Placebo)

(N=67)

0.44 (0.28, 0.60)

cognitive domain z-scores at Week

Arm C

(DTG+MVC)

memory 0.43) n
0.25 (0.15,
Executive function 0.26 (0.05, 0.46) 0.24 (0.07, 0.41) 0.25 (0.09, 0.42)
0.35)
0.25 (0.16,
Fine motor skills 0.38 (0.22, 0.54) . .03, 0.35) 0.18 (0.00, 0.37)
0.35)
Speed of information 0.23 (0.09,
0.17 (-0.09, 0.44) 0.36 (0.13, 0.60) 0.14 (-0.12, 0.40)
processing 0.37)
0.23 (0.07,
Verbal learning* 0.01 (-0.28; 0430) 0.17 (-0.09, 0.43) 0.53 (0.26, 0.79)
0.39)
0.13 (-0.14,
Verbal memory* -0.15 (-0.62, 0.32) -0.08 (-0.57, 0.42) 0.64 (0.24, 1.04)
0.40)

*Verbal learning and verbal memory improved more in the DTG+MVC arm than in the Dual Placebo arm (both p
values = 0.01) or the DTG+Placebo arm (Verbal learning p = 0.06, Verbal memory p = 0.03).
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FIGURE LEGENDS.

Figure 1. Time to Discontinuation of Study Drug. DTG=Dolutegravir, MVC=Maraviroc
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Figure 2. Summary of a) neuropsychological performance b) depressive symptoms (Beck
Depression Inventory [BDI]-II), and c) instrumental activities of daily living (IADLS) over time

by study arm.
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